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Abstract

Traditional description of heart failure (HF) has been within the context of ischemic, hypertensive, valvular and myopathic disease. This description has contributed
to the under-appreciation of HF in adult patients with congenital heart disease (CHD), who also manifest all the pathophysiological criteria constituting the clinical
syndrome of HF. In adult CHD patients, heterogeneity of residual substrates predisposes them to an early development of HF, presenting a unique challenge in both
categorization and protocol management of HF. As such, current diagnosis and treatment using consensus guidelines developed for HF in general remains unclear if
they can serve as a meaningful framework for these patients. In this systematic review and meta-analysis, we review current evidence of this rare but life threatening
form of HF affecting a large and growing number of adults. The discussion centers on clinical definition, epidemiology, pathophysiology, diagnosis and management

with the view of advancing knowledge of the clinical status of HF in CHD.

Abbreviation: ACE-I: angiotensin converting enzyme inhibitor;
AHA: american heart association; ANP: atrial natriuretic peptide;
ARBs: angiotensin receptor blockers; AS: aortic stenosis; ASD: atrial
septal defect; AVSD: atrioventricular septal defect; BAV: bicuspid
aortic valves; BNP: b-type natriuretic peptide; CHD: congenital heart
disease; CHF: congenital heart failure; CKD: chronic kidney disease;
CPET: cardiopulmonary exercise test; CRT: cardiac resynchronization
therapy; ECG: electrocardiogram; ESC: european society of cardiology;
ICD: implantable cardioverter defibrillator; LVNC: left ventricular
non-compaction; LVOT: left ventricular outflow tract; MRA:
mineralocorticoid receptor antagonist; MRI: magnetic resonance
imaging; NPs: natriuretic peptides; NT-proBNP: n-terminal pro-
bnp; NYHA: new york heart association; PAP: pulmonary artery
pressure; PLE: protein loosing enteropathy; RAAS: renin-angiotensin-
aldosterone system; RVOT: right ventricular outflow tract; SCD: sudden
cardiac death; TGA: transposition of the great arteries; TR: tricuspid
regurgitation; VSD: ventricular septal defect.

Introduction

Heart failure (HF) is the final common pathway of various cardiac
pathologies. However, the traditional description of HF within the
context of ischemic, hypertensive, valvular and myopathic diseases
contributed to the present under-appreciation of an important sub-
population of HF patients, those with (corrected) congenital heart
diseases (CHD), who go on to fulfill all the pathophysiological criteria
for HF [1]. The under-appreciation is evident on the 32nd Bethesda
Conference report in 2000 on “Care of the Adult with Congenital Heart
Disease” [2] attesting to a largely an unmet delivery of appropriate
evidence-based and guideline-directed care to CHD patients with
HE The report recommended organizing specialized care centers
for CHD patients to disseminate care, provide education, motivate
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research and innovation, and serve as a general resource center. Such
a specialized care system has been demonstrated to achieve uniformity
of care and better clinical outcomes within guidelines framework for
adult patients with other chronic severe illnesses such as cancer [2].
Besides the Bethesda Conference report, another significant factor
driving increased research recognition of HF in CHD patients is the
changing epidemiology in the CHD population, which however, has
not had a matching proportional expansion in research and in public
health practices [3].

The epidemiological shift in CHD patients characterized by an
increasing adult population, has been observed over the past six
decades as a result of significant advancements in both diagnosis
and treatment considerably improving long-term clinical outcomes
and leading to unprecedented survival rates [3,4]. The impact of this
cumulative survival has put more adult CHD patients at an elevated
risk for early development of HF because adult survivors often exhibit
residual cardiac or hepatic abnormalities resulting from a sequela
of cardiac dysfunction [5,6]. Despite therapeutic success for CHD
patients, the 2016 American Heart Association (AHA) scientific
statement on congestive HF (CHF) in CHD patients [7] indicates many
therapies for CHD are mainly palliative rather than curative and that
CHD patients remain at an elevated risk of developing HE. Moreover,
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clinical management of HF in CHD is complicated by a wide range in
the ages of its initial clinical occurrence, heterogeneity of underlying
cardiac morphology, a broad spectrum of causes, the lack of validated
biomarkers for both prognosis and monitoring, reliable risk factors,
and inadequate evidence demonstrating treatment efficacy [7]. Thus,
the purpose of this systematic review and meta-analysis is to appraise
available published peer-reviewed evidence pertaining to HF in CHD
with the intention of highlighting important gaps in knowledge
and inspiring the need for studies focused on HF mechanisms and
improvement of clinical outcomes of HF in CHD patients.

Definition

CHD is a clinical term encompassing all structural malformations
of the heart or intrathoracic great vessels of actual or potential
functional significance that occur in utero and exist at birth [8]. Some
cardiac defects such as persistent left superior vena cava or inferior
vena cava-azygous continuity are trivial or correct spontaneously
and thus usually excluded as typical forms of HF-associated CHD
[9,10]. In some studies, CHD has been classified into two conditions:
acyanotic CHD characterized by obstructive stenosis or left-to-right
shunts, and cyanotic CHD characterized by low blood oxygen levels
[11]. Typical examples of acyanotic conditions are atrial septal defect,
ventricular septal defect, patent ductus arteriosus, pulmonary stenosis,
aortic stenosis, and coarctation of the aorta. Typical examples of
cyanotic conditions are tetralogy of Fallot (ToF), transposition of the
great arteries (TGA), tricuspid atresia, total anomalous pulmonary
venous connection, truncus arteriosus, double-outlet right ventricle,
interrupted aortic arch, double-inlet left ventricle, and absent
pulmonary valve syndrome [3].

Although CHD-related cardiac defect when surgically corrected at
childhood improves survival, adult patients often remain with residual
cardiac abnormalities, which predisposes them to an early development
of the clinical syndrome of HE. In adult CHD, complex cardiac defects
requiring regular observation at adult CHD centers include valved and
non-valved conduits, double-outlet ventricle, cyanotic congenital heart,
Eisenmenger syndrome, Fontan procedure, mitral atresia, pulmonary
atresia, pulmonary vascular obstructive disease, transposition of
the great arteries (TGA), tricuspid atresia, and truncus arteriosus/
hemitruncus [11]. Ultimately, adult CHD can progress to HF, defined
as the inability of the heart to pump sufficient blood to meet the body’s
metabolic needs, as consequence of a confluence between complex
genetic factors and acquired stressors caused by an underlying cardiac
defect [12].

Epidemiology

Several population-based studies have provided valuable data
on the incidence and prevalence of both pediatric and adult CHD,
altogether demonstrating a tendency towards increasing burden of
adult CHD with an increased risk of developing HF [8,13-15]. In an
analysis of pre-natal diagnosis of congenital cardiac malformations
by fetal echocardiography in a birth population (n=1,589), the
estimated incidence of CHD was 8.1 per 1,000 live births [8]. The
prevalence of complex and hemodynamically significant stenosis,
which if left untreated via surgical or percutaneous methods could
lead to early death, is 2.3 per 1,000 infants [13]. Over the past six
decades, considerable progress in pediatric cardiology and cardiac
surgery has significantly increased the population of CHD pediatric
patients surviving to adulthood from 15% in the 1960s to the 85% in
2008 [14]. Consequently, the prevalence of adult CHD has surpassed
that of pediatric population with CHD in the Unites States [13,15]. In
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support, a population-based cohort study of 71,686 CHD patients in
Canada from 1987 to 2005 reported infant-CHD morality decreased
significantly with a shifting mortality burden towards adults with CHD
(18-64 years) [16]. HF is emerging as a major health problem in adults
with CHD because almost 25% of them develop HF after three decades
of life [17]. In the Dutch National ‘CONCOR’ registry, the incidence
of first HF-admission in adult CHD cohort was 1.2 per 1,000 patient
years [18].

Pathophysiology

The pathophysiology of HF in CHD patients has been hypothesized
to occur in three main pathways: (a) acquired (non-genetic) HF; (b)
genetic component causing cardiac malformations and cardiomyopathy
leading to HF (not related to hemodynamic stress); and (c) a confluence
of congenital genetic elements and acquired hemodynamic stressors
(Figure 1).

Non-genetic pathway

Non-genetic or acquired pathway in the progression of CHD to HF
describes accumulative myocardial insult primarily due to abnormalities
in cardiac structure present at birth leading to the development of HF
later in life. Non-genetic pathway is purely an acquired form of HF in
the absence of a genetic component. The underlying etiology usually
includes CHD-associated gross structural malformations such as
significant lesions, which affect the ability of the heart to act as a pump.
Mostly, incomplete or palliative correction of lesion can lead to a chronic
state of hemodynamic stress and consequently HE. The probability of HF
in CHD lesions such as tetralogy of and the transposition of the great
arteries (TGA) is as high as 80% at the fifth decade of life, and about
20 to 30% for isolated valvular heart disease or defects leading to left-
to-right shunting [18]. Additional insults to the myocardium that can
complicate surgery include injury to the myocardium, coronary arteries
and/or conduction system [12]. In some CHD patients, post-surgical
conduction disease requiring permanent ventricular pacing can lead to
progressive contractile dysfunction. These insults to the myocardium
occur in the first years of life and the effect of altered hemodynamics
(volume or pressure overload) or myocardial injury accumulate over
the years increasing the risk of early development of HF [18].

Genetic pathway

Genetic basis of CHD has been suggested as another pathway for
the progression of CHD to HF but its application in clinical practice
remains limited. Genetic involvement in CHD accounts for about 5-10%
of HF related to the loss of function, mutations in transcription factor
genes and other signaling molecules that perturb molecular pathways
during cardiac development in utero [20]. Genetic basis is associated
with development of cardiac malformations and cardiomyopathy
ultimately leading to HF in the absence of hemodynamic stress, which
is the hallmark in the non-genetic pathway. Genetic basis for HF in
CHD patients begins during cardiac development in utero where
certain molecular perturbations cause cardiac defect at birth and
cardiomyopathy that can present later in life [12].

Genetic basis of HF in CHD has been observed in syndromic
cases where CHD occurs with non-cardiac congenital malformations.
Genetic testing in syndromic CHD has identified mutations that can
lead to CHD. For instance, in Holt-Oram Syndrome, mutations in TEX5
and SALL4 genes cause CHD and upper limb malformations while in
Alagille Syndrome, mutations in JAG1 or NOTCH2 genes cause CHD
and liver disease. For non-syndromic CHD, clinical genetic testing is
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Figure 1. Pathophysiologic mechanisms of the progression of CHD to heart failure

CHD may progress to HF in three major pathways. (1) Genetic etiologies leading to both CHD and HF; (2) Severe CHD lesions in which hemodynamic effects or surgery lead to HF; and

(3) A confluence of complex genetics and acquired stressors due to lesions leading to HF [12]

not routinely advised [21,22] but two well-established non-syndromic
genes GATA4 and Nkx2-5 in familial CHD are available for clinical
genetic testing [20]. There are also several genetically characterized
syndromes particularly Noonan, Williams-Beurenand 22.q11.2 deletion
syndromes, where CHD and HF are common morbidities [12,20].
Noonan syndrome is a frequent syndromic form of CHD that can cause
both CHD and cardiomyopathy. Left ventricular non-compaction
(LVNC), characterized by an arrest of myocardial morphogenesis, is
another common form of congenital cardiomyopathy that often results
in HE It has been associated with acyanotic CHD conditions such as
atrial and ventricular septal defects, Ebstein anomaly and outflow tract
lesions caused by genes such as MyH?7 and transcription factor NKX2
[23-27].

Combined genetic and non-genetic

Post-hoc analysis of the Dutch Registry including 10,808 CHD
patients followed for a median of 21 years reported a high incidence
of HF-admission (1.2 per 1,000 patient years), which was ten-fold
more than reported in age-matched cohorts without CHD (0.1 per
1,000 patient years) [28]. The findings suggest genetic and non-genetic
etiologies of CHD alone are unlikely to explain the relative high
incidence of HF in CHD, indicating the involvement of additional
mechanisms for the progression of CHD to HE. The combination of
genetic factors and acquired hemodynamic stressors has been suggested
as the another pathway in the progression of CHD to HF because of a
significant overlap in the molecular pathways that result in CHD during
development and those that are responsible for the integrity of the post-
natal myocardium [12]. The overlap suggests molecular perturbations
resulting in abnormal cardiac development can increase the likelihood
for HF in adulthood, particularly in the presence of long-standing
hemodynamic stressors.

At present, limited understanding of the interplay between genetics
and hemodynamic stressors in the development of HF in CHD patients
is attributable to separate research on genetics of CHD and HE The few
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studies based on animal models and in-vitro investigation on directly
shared disease genes reveal significant evidence of the involvement of
shared molecular pathways [12]. Several genes expressed in embryonic
cardiac development are also expressed in the adult heart where
they play a role in modulating cardiomyocyte survival and integrity
[20]. Two transcription factor genes involved in embryonic cardiac
development (GATA4 and GATAG6), which are mutated in familial
cases of CHD, are also potent activators of cardiac natriuretic peptides
(NP) - atrial natriuretic peptide (ANP) and B-type natriuretic peptide
(BNP) in the adult heart. The two genes also regulate the transcription
of cardiac sarcomere genes alpha and beta-myosin heavy chain [28]. In
addition, GATA4 regulates the antiapoptotic gene BCL-X and thus a
survival factor for adult cardiomyocyte. Cardiomyocyte apoptosis plays
a major role in the pathophysiology of HF and its pharmacological
enhancement has a protective effect against cardiomyocyte toxicity
and drug-induced cardiotoxicity [29]. Mutations in GATA4 or GATA6
genes increases cardiomyocyte apoptosis predisposing these patients
to HF in the setting of other insults such as CHD-associated volume
overload [30].

Predisposing factors

The key predisposing factors for early development of HF in adult
CHD patients are residual substrates after corrective surgery for the
underlying cardiac defect and the presence of comorbidities, which
may precipitate or aggravate the development of HF [11,14].

Residual substrates:

Pediatric patients with CHD who survive to adulthood often
have one or more residual substrates, which increases the risk of early
development of clinical syndrome of HE, which may be right-sided,
left-sided or bi-ventricular (involve both sides of the circulation).
The ACC/AHA guidelines for adult CHD identified and listed typical
substrates in adult CHD patients that increase the risk of subsequent
HF development as follows:
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a) Severe aortic stenosis (AS) and/or regurgitation bicuspid
aortic valves (BAV), sub-valvular or supra-valvular pathology,
superimposed coarctation;

b) Severe congenital mitral stenosis or regurgitation;

¢) Unoperated atrial septal defect (ASD) or partial atrioventricular
septal defect (AVSD);

d) Congenitally corrected TGA;

e) D-transposition after Mustard or Senning operation, where the
morphological RV is the systemic ventricle;

f) Tetralogy of Fallot with early-era surgery, long-standing shunt, or
severe pulmonary regurgitation;

g) Single Ventricle physiology; and
h) Fontan surgery

In addition to these residual substrates, other possible pathogenic
factors for HF in adult CHD patients include prolonged cyanosis,
prolonged pressure overload, prolonged volume overload, poor
myocardial intra-operative preservation, large ventricular septal patch/
incision/scar, residual LV outflow tract (LVOT) or RVOT obstruction,
arrhythmias or obesity [14].

Comorbidities

Knowledge of common comorbidities in CHD patients is
important to improve diagnosis and to inform appropriate clinical
management strategy. Comorbidities unrelated to adult CHD patients
can contribute to or initiate the development of clinical syndrome of
HF [14]. Liver disease is often comorbid with adult CHD associated
with chronic elevated systemic venous pressures that leads to liver
stiffness and cardiac liver cirrhosis or failing Fontan circuit [31-33].
Dual therapy ofheartand liver transplantation is usually recommended
when failing ventricle co-occurs with liver cirrhosis in CHD
patients [34]. Protein loosing enteropathy (PLE) is another common
comorbidity found in adult CHD patients, which occurs in the present
of failing Fontan circuit and triggered by elevated systemic venous
filling pressure [35]. Plastic bronchitis is a rare complication following
Fontan palliation, which may require hemodynamic optimization and
pulmonary vasodilation therapies to improve clinical course [36]. The
presence of elevated central venous pressure and low cardiac output
are likely candidates for the formation of tracheobronchial casts [36].
Renal dysfunction is common in about 30 to 50% of adult CHD

patients [37]. The risk of developing chronic kidney disease (CKD)
increases significantly in CHD patients with cyanotic disease but
also present in acyanotic diseases. Some hematological disorders can
also manifest in adult CHD patients with chronic systemic cyanosis
[38] leading to high blood viscosity and low-flow predisposing these
patients to thrombosis [39]. Other important comorbid conditions
unrelated to adult CHD bur increase HF risk include acquired valvular
disease, CAD, systemic hypertension, diabetes mellitus, pregnancy,
endocarditis, chronic respiratory disease, cardiotoxic chemotherapy
or mediastinal irradiation, illicit drug use, obstructive sleep apnea or
hyperthyroidism [14].

Diagnosis

Definitive diagnosis of HF in CHD patients depends on specific
knowledge of the baseline heart defect, and history of surgeries and/
or percutaneous interventions. Determining the underlying etiology is
essential because it may be reversible because of a new or worsening
residual hemodynamic lesion or a treatable co-morbid condition [40].
However, diagnosis remains a clinical challenge because patients often
do not recognize the subtle changes in functional class and that patients
might not exhibit typical HF symptoms and signs despite increased
exercise intolerance and New York Heart Association (NYHA)
functional class I [40]. Moreover, NYHA functional classification is
inadequate for cyanotic adult CHD patients with HE who may present
with dyspnea without having HF [14].

Clinical presentation

HF in CHD patients follows the classical signs and symptoms
of HF as described in the European Society of Cardiology (ESC)
HF Guidelines [41]. Typical symptoms include exercise intolerance,
dyspnea and fatigue while symptoms include gallop rhythm,
pulmonary crepitations, elevated jugular pressure and hepatomegaly.
A comprehensive list is provided in Table 1. Moreover, in some CHD
patients with complex CHD, they exhibit worsening cyanosis in the
context of intra- or extra-cardiac shunts or fenestrations. In these
patients, arrhythmias are closely related to HF symptoms and may
represent the first clinical manifestation of the progression of CHD
to HF [41].

Diagnostic methods

HEF in CHD is a clinical syndrome whose diagnosis is made based
on patient medical history, examination and investigations. Diagnostic
work-up usually involves a range a tests including laboratory testing,

Table 1. Signs and symptoms of HF in adult CHD patients. (Adapted from the 2012 ESC HF Guidelines [41] )

Description Symptoms

Signs

Fatigue

3rd or 4th heart sound (gallop rhythm)

Breathlessness

Laterally displaced apical impulse

Cry cough when lying flat Pulmonary crepitations
Systemic ventricular failure Exercise intolerance ?é)j:inotnbreath sound, dull percussion lung bases due to pleural
Orthopnea
Paroxysmal nocturnal dyspnea
Wheezing
Fatigue Elevated jugular venous pressure
Bloating Hepatomegaly
Weight gain (> 2kg/week) Ascites

Sub-pulmonary ventricular failure ;
Loss of appetite

Pitting leg edema, sacral edema or scrotal edema

Exercise intolerance

Increased abdominal girth

Congestive (bi-ventricular) failure

Combined systemic and sub-pulmonary symptoms

Combined systemic and sub-pulmonary signs
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electrocardiograph (ECG), imaging tests (mainly echocardiography
[echo], magnetic resonance imaging [MRI], computed tomography
[CT] and cardiac catheterization) and cardiopulmonary exercise
testing [42].

Laboratory testing

The ESC treatment guidelines recommend all adult CHD
patients suspected with HF should undergo basic laboratory tests
including blood tests, renal function, liver function, iron, protein
and albumin, and thyroid function. Laboratory tests are essential
to identify an underlying treatable conditions especially anemia,
renal/liver impairment, hypoalbuminemia, hyponatremia, and iron
depletion [42]. In blood tests, a more clinically significant test is the
evaluation of the levels of serum NPs to assess cardiac function because
neurohormonal activation is one of the triad of HF in CHD. Others are
cardiac abnormality and exercise limitation [43]. Serum levels of BNP
and N-terminal pro-BNP (NT-proBNP) correlate with disease severity
and prognosis in HF patients with both acquired and congenital heart
diseases [44,45] and in individual cardiac malformations in adult CHD
patients. In adult CHD patients with unrepaired and repaired atrial
septal defect or ventricular septal defect (VSD), BNP levels are mildly
increased [45], correlate strongly with shunt severity, pulmonary artery
pressure (PAP) and functional class [46,47]. In patients with Tetralogy
of Fallot, serum BNP levels correlate with RV dilation, severity of
pulmonary valve regurgitation and exercise capacity [48-50]. In
systemic morphological RV dysfunction, there is correlation between
BNP and RV function [45], and the severity of tricuspid regurgitation
(TR), and between ANP with ejection fraction [51,52]. In symptomatic
hypoxia and single defect conditions, BNP levels correlate with HF
severity [53] but no correlation between BPs and oxygen saturation
[54-56].

Electrocardiography

Adult CHD patients exhibit abnormal ECG at presentation/
baseline. Common ECG abnormalities include prolonged QRS
duration, intra-ventricular conduction delay, nodal rhythm and LV
or RV hypertrophy. Although ECG abnormalities are relevant in adult
CHD patients, the findings should be interpreted after atrioventricular
conduction abnormalities (total AV block in CCTGA) or for in
appropriate sinus tachycardia that mimics atypical supraventricular re-
entrant tachycardia [42].

Imaging tests

Different imaging tests reveal different signs of cardiac
malformations to support the diagnosis of HF in CHD. Chest X-ray
is recommended to evaluate the position and size of the heart, size of
pulmonary arteries, thoracic aorta, and co-occurring lung and thorax
pathology. The test identifies pulmonary congestion and effusion [42].
Echo allows for the diagnosis of underlying CHD, detect concomitant/
residual lesions and sequelae, assess sub aortic/pulmonary function,
detect new lesions and monitor disease progression [57]. Three-
dimensional echo is more sensitive than two-dimension in evaluating
ventricular function, valves and volumes, stress echo may be considered
in assessing contractile reserve and diagnosis of acquired diseases such
as CAD [58,59].

Cardiac MRI is currently the gold standard for volumetric
measurements, ventricular function, anatomical connection, and
detection of myocardial fibrosis [42]. The 2010 ESC guidelines for MRI
in CHD patients recommends its use: (a) when echo findings are sub-
optimal and unable to provide images and measurement of adequate
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quality to inform clinical management. (b) When echo measurement
are borderline or ambiguous. (c) When MRI informs management
more effectively — evaluating systemic/pulmonary veins, RVOT, RV-
PA conduits; quantification of RV volumes and ejection fraction,
pulmonary regurgitation, shunts by measurement of flow in aorta
and pulmonary trunk and myocardial fibrosis and mass, and tissue
characterization [60].

Other imaging tests that may routinely indicated include computed
tomography (CT) and cardiac catheterization. CT is indicated for
visualizing (a) stented vales and coarctation stents along with the
epicardial coronary arteries; (b) collateral arteries; and (c) parenchymal
lung disease [61]. Cardiac catheterization provides information on
hemodynamics for circulating pulmonary vascular resistance, and
assessment of LV/RV diastolic function, pressure gradients and shunt
quantification [62].

Cardiopulmonary exercise test

Cardiopulmonary exercise test (CPET) is a valuable diagnostic
tool with prognostic implications. Adult CHD patients exhibit exercise
intolerance. The expected peak oxygen consumption varies across
the different types of CHD [63]. There is a good correlation between
CPET and mortality, which shows an increasing trend towards CHD
patients with peak oxygen consumption (VO,) < 15 mL/min/kg [64].
Lung function test can be indicated to assess for comorbid broncho-
pulmonary disease [42].

Meta-analysis of diagnostic value of NPs HF in CHD

In CHD patients, HF mainly results from accumulating cardiac
pressure, volume, tension and flow, which clinically manifests as a triad
of neurohormonal activation, cardiac dysfunction and reduced exercise
tolerance. Serum NPs (mainly BNP and NT-proBNP) are important
cardiac biomarkers released into circulation after pressure and volume
overload, and increased myocardial wall stress. The active fragments
of these markers possess natriuretic, vasodilatory and diuretic effects
[44,45]. Although changes in serum concentration of NPs are very
useful in detecting cardiac impairment in the general population, their
role in the diagnosis of CHD patients is not well defined. In this meta-
analysis, we evaluate published evidence on diagnostic value of serum
NPs in patients with CHD and clarify the relationship between them
and hemodynamic changes evaluated using non-invasive imaging.

Study search and selection

We conducted a systematic published peer-reviewed literature
search on PubMed and EMBASE for studies investigating the use
of serum NPs and cardiac imaging in the diagnosis of HF in CHD
patients. The search terms consisted of CHD (septal defects - atrial
septal defect, atrioventricular septal defect, ventricular septal defect,
aortic coarctation, pulmonary valve stenosis, tetralogy of Fallot
[TOF], transposition of the great arteries/vessels [TGA] and Fontan)
AND “brain natriuretic peptide” OR “B-type natriuretic peptide” OR
“pro-brain natriuretic peptide”. Inclusion criteria were studies that (a)
recruited patients with CHD (septal defects, systemic RV or tetralogy
of Fallot) often associated with HF; (b) reported serum NPs levels; and
(c) reported correlation between serum NPs and ventricular functional
parameters assessed by imaging tests. Studies including both adults
and children were included. There was no restriction on publication
language and year. Animal studies, case series/reports and conference
papers were excluded. Additional studies were searched from references
of included studies and review articles, and crosschecked with the
inclusion criteria for eligibility.
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We extracted data on study characteristic (author and year), patient
characteristics (number and mean age), baseline characteristics (type
of CHD, serum NPs levels) and correlation (r) between serum NPs
levels and cardiac functional parameters assessed using imaging (echo,
MRI or cardiac catheterization). For all qualifying studies, inclusion
was assessed by two reviewers and any discrepancy resolved though
consensus. In analysis, we expressed categorical data as frequency or
percentage and continuous data as mean and standard deviation. We
calculated weighted summary correlation coefficient between serum
NPs and cardiac function parameters under the fixed effect model
using a Fisher Z transformation of the correlation coefficient. For a high
heterogeneity across studies, we calculated I* statistics and incorporated
the summary correlation coefficient under the random effects model.

Study characteristics and outcomes

The literature search yielded 201 studies. Initial title and abstract
screening excluded 152 studies investigating unrelated topic from
this meta-analysis. Additional 18 studies were excluded because they
did not report on data on serum NPs and/or correlation with cardiac
function parameters. The remaining 31 articles satisfied the inclusion
criteria and were included in this meta-analysis [47,48,66-93]. In
all, the 31 studies included CHD patients ranging from pediatrics to
adults (n=1,185; mean age 15.9+11.9). The main CHD sub-population
investigated were patients with simple cardiac defect (ASD, VSD and
PDA) (n=12) [47,65-75] and with complex cardiac defect (systemic RV
and Tetralogy of Fallot [ToF]) (n=19) [48,76-93]. Seventeen studies [65-
68,70-72,74,75,77-79,81,84,86,90,91] investigated BNP and reported a
weighted mean of 32.5+12.38 pg/ml, while the remaining 14 studies
(47,48,69,73,76,80,82,83,85,87-89,92,93]  investigated ~NT-proBNP
reporting a weighted mean of 175.48+57.77 pg/ml.

Weighted summary correlation between concentration of serum
BNPs or NT-proBNPs and cardiac function parameters assessed
by echo, cardiac MRI or cardiac catheterization using a Fisher Z
transformation of correlation coefficient demonstrate mixed findings
(Table 2). Using fixed effect model, correlation coefficient from 18
studies [76-93] including 592 patients showed BNP or NT-proBNP had
a strong negative correlation with RV ejection fraction (r -0.45; 95% CI:
-0.53 to -0.35) and a positive correlation with RVEDV (r = 0.52; 95% CI:
0.44 to 0.58) in 16 studies (n = 593) [47,48,65,74,77,80,82,83,85,85,87-
89,91,92,93]. In eight [78,79,81,86,88,90,92,93] and four [85,89,92,93]
studies, the correlation was insignificant between BNP/NT-proBNP,
and RVEF and RVEDV respectively, but nonetheless, suggested a
trend towards higher concentration of serum NPs and increasing
cardiac dysfunction. In nine studies [47,65-67,70,71,72,74,75] with
440 patients, BNP/NT-proBNP had a significant correlation with Qp/
Qs (r=0.65; 95% CI: 0.53 to 0.75). Other cardiac parameters correlating
with BNP/NT-proBNP were RVEDD (r = 0.44; 95% CI: 0.23 to 0.61);
RVESV (r=0.56; 95% CI: 0.33 to 0.72); LVEDD (r = 0.49; 95% CI: 0.22

Table 2. Weighted summary correlation between serum NPs and cardiac function

to 0.70) and LVESV (r = 0.48; 95% CI: 0.21 to 0.68). However, there was
no significant correlation between BNPs/NT-proBNPs with LVEDV (r
=0.38; 95% CI: -0.27 to 0.80; p = 0.25). Two studies [67,74] compared
BNP levels between CHD patients and age-matched healthy controls
and reported that CHD patients had significantly higher BNP levels
(60.6 + 49.9 vs. 32.6 + 24.5 pg/ml, p = 0.02) [67] and (42.9 + 29.4 vs.
8.3 +2.6 pg/mL, p < 0.05) [74]. In all, the findings indicate a significant
correlation between serum concentrations of BNP/NT-proBNP and
cardiac imaging (echocardiographic, MRI and cardiac catheterization)
parameters of patients with CHD.

Discussion of findings

This systematic review and meta-analysis demonstrates that
serum NPs — BNPs and NT-proBNPs - represent potential clinical
markers for cardiac function and hemodynamics in CHD patients.
The concentration of serum BNPs and NT-proBNPs was elevated in
patients with simple cardiac defect or complex CHD. The values were
higher when compared to age-matched controls. There was a strong
and positive correlation between BNPs or NT-proBNPs with the ratio
of pulmonary to systemic blood flow (Qp/Qs) in all patients with
simple cardiac defect (ASD, PDA and VSD). In other cardiac function
parameters (RVEE, RVEDV, RVEDD, RVESYV, LVEDD, or LVESV), a
strong correlation existed between serum levels of BNP or NT-proBNPs
with cardiac function parameters. However, some studies reported a
non-significant relationship. Moreover, in LVEDV, there was no
significant relationship with serum NPs in patients with PDA, VSD and
CoA. The mixed findings suggest a wide range of BNPs or NT-proBNPs
values and thus, caution should be observed when drawing conclusions
for individual CHD patients.

The present findings are supported from two earlier systematic
review articles investigating the relationship between BNPs or NT-
proBNPs with cardiac function, structure and hemodynamics on CHD
patients with simple cardiac (septal) defect [43] and those with complex
cardiac defect - systemic RV, ToF and univentricular hearts [94]. The
two systematic review reported elevated serum NPs levels in CHD
patients except in asymptomatic patients where levels were comparable
to sex- and age-matched controls. Despite a positive correlation between
the levels of serum NPs and cardiac function parameters, a position
paper on adult CHD by the Working Group of Grown-up CHD and HF
Association of the ESC suggest limited clinical value in the diagnosis
of HF in CHD [42]. The serum levels of NPs can vary widely due to
heterogeneity of underlying causes and clinical presentation. Many
studies have not incorporated these factors complicating the diagnostic
value of BNPs or NT-proBNPs in CHD patients with HF [42]. Serum
levels of NPs also correlate with comorbidities, age and sex, which
makes the need for individual consideration valid.

Although the suggested correlation between serum NPs
and cardiac function parameters could have important clinical

Cardiac.Fm.lction Parameters assessed by echo, cardiac MRI or cardiac ‘Weighted S.ummary 95% CI No. .of.studies No. of i.ncluded
catheterization Correlation (r) providing data patients
RVEF [76-93] -0.4 -0.53 to -0.35 18 592
RVEDV [47,48,65,74,77,80,82-85,87-89,91-93] 0.52 0.44t0 0.58 16 593
RVEDD [67,68,73,78,79] 0.44 0.23 t0 0.61 5 147
RVESV [80,82] 0.56 0.33t00.72 2 54
LVEDV [65,73] 0.38 -0.27 to 0.80 2 160
LVEDD [68,73] 0.49 0.22t0 0.70 2 43
LVESV [69.73] 0.48 0,21 t0 0.68 2 43
Qp/Qs [47,65-67,70,71,72,74,75] 0.65 0.53t0 0.75 9 440
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implications, several demonstrated challenges undermine their
clinical utility. First, clinical demonstrated HF in CHD patients
remains a rare condition with a general lack of appropriate large-
scale clinical trials demonstrating the relationship between serum
NPs levels and cardiac function in these patients. As such, most of the
studies included in the present meta-analysis adopted a cross-sectional
design, included both asymptomatic and symptomatic HF patients
and the assessment of serum NPs levels with cardiac function was
not the original objective. The inclusion of asymptomatic and mildly
symptomatic patients (NYHA I and II), and thus, true values of serum
NPs concentration in CHD patients with clinically demonstrated HF
remain largely uncertain. Nevertheless, in patients with ToF, where
all functional classes were investigated, there were strong association
between serum NPs levels and functional class.

In all, serum levels of NPs have been used in assessing cardiac
dysfunction in HF patients in the general population. However, in
CHD patients with HE the diagnostic value of serum NPs levels
remain challenging. Heterogeneity in causes, and in clinical signs and
symptoms as well as variation in sex, age and comorbidities affect serum
NPs levels. Larger clinical trials specific to CHD patients with HF would
provide the evidence for the diagnostic value of HF in different sub-
population of CHD patients. Such findings would improve diagnosis
and clinical management of HF in CHD patients while acknowledging
variation in individual patients.

Table 3. Summary of included studies on diagnostic value of serum NPs in HF in CHD

Clinical management

Clinical management of HF in CHD patients remains a clinical
challenge because of the lack of specific evidence-based and guideline-
directed therapies. Clinical trials with hard clinical endpoints (death,
recurrence or rehospitalization for adverse cardiac events) in adult CHD
patients are lacking. Although the events inciting HF in adult CHD
patients differ from those in other forms of HE, consensus guidelines
for treatment of HF [95] are often used for adult CHD patients because
of the lack of adequate controlled data in this sub-population [14,42].
Common treatment strategies include medical therapy, device therapy,
cardiopulmonary and physical rehabilitation, and heart transplantation
[42].

Medical therapy

Consensus guidelines for medical treatment for HF has been used
in CHD patients. Indication for medication therapy targets treating
systolic failure based on the underlying morphological cause such as
systemic ventricular failure, sub-pulmonary ventricular failure, single
ventricular failure and HF with preserved ejection fraction (Table 3).
The aim of medical therapy should serve to achieve one of two purposes:
to improve prognosis or to alleviate symptoms [95].

In adult CHD patients with systemic LV failure, the ESC guidelines
recommend diuretics, RAAs blockers, beta-blockers and MRAs
particularly in the presence of increased neurohormonal and cardiac

Ist Author  Year llj;’nzlfl " ?yizrs) CHD i‘s‘;‘:sts‘l‘:l‘:mt BNP IlerO-BNP RVEF EYEDV g;’EDD ?r;lEsv (Lr\)/EDV z\)IEDD I;‘)]ESV Qp/0s ©
34 5.8 ASD |CC/Echo  |37.6+8.4 gfol.om gfog.om
Fél;f]lii etal 003 129 3.1 PDA |CC/Echo  32.8+6.5 2%709_0001 ﬁfOQ-OOOl
91 34 VSD | CC/Echo 46.1+7.3 g'<702.0001 10)505-0001
[52'6“]*‘ ctal 003 59 3.1 VSD CC 25420 gf05-0001
aT]“’Eg;‘]r skaet 2006 136 447 |ASD Echo 60.6:49.9 2'308, 03 23303
[Cé};;]“ etal 007 18 124 VSD Echo 20.846.1 2;509,01 25302
&"';]"13 tal 007 24 6.9 ASD | CC/Echo 85(11-245) gfg-OZ
Ie‘fzinv[;*g]mg 2007 18 2156 VSD CC 60(15-175) 255001
f‘f;‘]"en etal 007 20 430  ASD MRUEcho 24093 g<605 05 10)2)3-05
3_“5;‘;?‘13 2008 48 038 VSD |CC/Echo  33.7+16.5 gfol.om
[T702y]0n0 etal 2008 124 03 VSD CC 314189 2%509.003
21 52 ASD  Echo 79(11-245) gfolm 3509.025
Ee;]ola et al. 2009 |25 2.6 PDA |Echo (1;7‘41‘536- gj()lAO42 233325
15 20  |CoA Echo ggg—) ;(1(7)1)01
Uzetal. [74] 2011 |56 229 ASD  |Echo 42.9+29.4 2505,0001 ﬁz()l.001
Janetal. [75]12012 |25 4.6 ASD |CC/Echo 11.4+13.5 oo
p<0.166
][)7?]6 etal 2005 29 309 SRV Echo 2584243 :igi)z
[C7h7‘;w etal 2008 |44 197 SRV Echo 19(6-522) ;fi;‘?om 3307 009
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No.of  Age Function NT- RVEF |RVEDV RVEDD RVESV |LVEDV LVEDD |LVESV
Ist Author | Year Patients | (years) CHD Assessment BNP proBNP (r) (r) (r) (r) (r) (r) (r) Qp/Qs (1)
[G;;]g etal o008 24 240 SRV |MRI 15.4+18.2 NS NS
E‘;h ctalhoos 48 190 SRV |Echo 20(5-198) NS NS
Kozelj et al. Echo/MRI/ 0.53 0.50 0.61
1501 2008 19 350 SRV g 6541535 | “00n | p0.026 0,006
Egoﬁt etal ho00 16 256 SRV  Echo 67.3+47.5 NS
Plymen et al. -0.54 0.43 0.53
+
5] 2010 35 290 SRV MRI 3242880001 o001 20,001
Schaefer et -0.46 0.32
+
2l [83] 2010 43 290  |SRV  Echo/MRI 20041480 0044
Ishii et al. -0.42
+
[34] 2005 26 9.6 ToF  |Echo 44434 =003
Norozi et al 0.45
[48] 2005 50 278  ToF |Echo 166425 £<0.05
Dodge- 047
Khatamiet 2006 23 141  ToF |MRI 2314228 | NS
p<0.05
al. [85]
Cheung et al. 21.9(7.8- 0.6
[26] 2007 32 147  ToF |MRI 70) NS 70,0001
Festa et al. -0.32 0.40
1] 2007 70 210 |ToF  MRUEcho 208830 0 0001
Khositsethet |, 15, 121 ToF | MRUEcho 195£303 NS 0.57
al. [88] p=0.01
Wand et al. -0.50
[£9] 2007 |21 116 ToF |Echo 202 oo NS
g‘(’)l]tz etal o 16 142 ToF |MRI 19(7-42) NS
Cetin et al. -0.60 0.7
o1] 2009 25 141  |ToF |Echo 28.3424.1 20,0001 |p~0.0001
Van den Berg 55 5, 150  ToF | MRI 85(17-355) NS NS
etal. [92] : 0 -
Tatani et al.
(93] 2010 49 147  ToF |Echo 2112219 NS NS

( ASD: Atrial Septal Defects; BNP: B-type Natriuretic Peptide; CoA: Coarctation of the Aorta; Echo: Echocardiograph; LVEDD: Left Ventricular End-Diastolic Diameter; LVEDV: Left
Ventricular End-Diastolic Volume; LVESV: Left Ventricular End Systolic Volume; MRI: Magnetic Resonance Imaging; PDA: Patent Ductus Arteriosus; Qp/Qs: Left-to-Right Shunt; r:
Correlation Coefficient; RAV: Right Atrial Volumes; RVEDD: Right Ventricular End-Diastolic Diameter; RVEDV: Right Ventricular End-Diastolic Volume; RVEF: Right Ventricular
Ejection Fraction; RVESV: Right Ventricular End-Systolic Volume; ToF: Tetralogy of Fallot; VSD: Ventricular Septal Defects)

autonomic activities [95]. Theoretical evidence support the use of
angiotensin converting enzyme inhibitor (ACEI) and, if intolerant,
angiotensin receptor blockers (ARBs) in treating asymptomatic/
symptomatic HF in adult CHD patients. Data on the use of beta-
blockers such as carvedilol, metoprolol, bisoprolol, and nebivolol in
HF patients may be extrapolated to HF in CHD patients with aortic
or mitral valve disease [96-98]. Although loop diuretic do not improve
survival in chronic HF patients, they alleviate symptoms [42]. In
adult CHD patients with systemic RV failure, asymptomatic and
without signs of HE, there is no evidence supporting medical therapy
would achieve better clinical outcome. In symptomatic patients with
neurohormonal activation and cardiac autonomous nervous system
activation, standard HF treatment offer theoretical benefit and thus
recommended as in patients with LV failure. In CHD patients with
sub-pulmonary ventricular failure, diuretics, MRA and pulmonary
vasodilators improve prognosis and alleviate symptoms. In adult CHD
patients with HF with preserved ejection fraction, diuretics, beta-
blocker, and channel blocker can have better clinical outcomes [42,65].

Exercise training

Increased exercise intolerance is a common symptom in HF patients
and thus exercise training (or cardiopulmonary rehabilitation) has been
recommended as both a safe and clinically beneficial intervention in
chronic HF patients [41,99,100]. Although there is a lack of studies
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focused on CHD patients with HE exercise training and cardiac
rehabilitation programs has been shown to be safe and effectiveness
in improving exercise-related and hemodynamic variables [101-103],
improved quality of life in patients with complex CHD [104]. More
studies specific to HF in adult CHD are warranted to determine the
value of exercise training on improving outcomes in this patients.

Device therapy

Device therapy is indicated for the prevention of sudden cardiac
death (SCD) in HF in CHD. A sub-population of adult CHD patients
are at a greater risk of SCD such as patients after surgical repair of
tetralogy of Fallot, d-TGA with Mustard/Senning repairs, CCTGA,
Eisenmenger syndrome, and Ebstein anomaly of the tricuspid valve
[105]. In adult CHD, there is consensus on the use of implantable
cardioverter defibrillator (ICD) for secondary prevention of SCD
[106]. 1t is indicated for survivors of SCD secondary to ventricular
fibrillation or unstable tachycardia without reversible cause, patients
with spontaneous sustained VT non-responsive to ablation or surgery
and idiopathic syncope with inducible stable ventricular tachycardia
or spontaneous sustained ventricular tachycardia [42]. Selection of
ICD candidates for primary prevention of SCD remains a challenge.
It is indicated in CHD patients with biventricular physiology with
systemic LVEF < 35% and NYHA class II or III [107,108]. Based on
risk scores, prophylactic ICD should be considered in selected adults
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after surgical repair of tetralogy of Fallot who are at an increased risk
for SCD [42].

Cardiac resynchronization therapy (CRT) is a device therapy to
correct LV electromechanical dyssynchrony through inducing LV
reverse modelling, improving LV function and reducing HF-associated
morbidity and mortality [109,110]. However, in adult CHD patients,
structural heterogeneity of the underlying heart defects complicates
the role of CRT. Current evidence is based on short-term studies (4
to 8 months) and thus long-term impact of CTR on morbidity and
mortality is not known. Nevertheless, CRT is recommended for adult
CHD patients in NYHA class II-IV, with systemic ventricular failure
and dilation and prolonged QRS duration. Upgrading to CRT should
be considered in CHD patients with systemic LV and permanent RV
pacing causing LV dyssynchrony and dysfunction, and patients in
NYHA class IV as a bridge to heart transplantation. In addition to
remote monitoring of devices reducing adverse outcomes in ICD
patients with acquired heart disease, it may be beneficial to CHD
patients to detect and treat tachyarrhythmia early [111,112].

Heart transplantation

The 2014 international society for heart transplantation reports
in adult CHD patients, heart transplantation accounts for 10% of
indications in patients aged 18 to 30 years [113]. Short-term outcomes
are worse in adult CHD patients compared to non-CHD patients
but late-term survival is improved and at ten years similar to that of
patients with acquired heart disease [114,115]. Efficacy and clinical
outcomes of heart transplantation vary depending on diagnosis made
and the expertise of the center. It remains a challenge because of
complex cardiac and vascular structure, multiple previous palliative
and corrective surgeries and effect of other organs (kidney, liver and
lungs) of chronic cardiac dysfunction or cyanosis with frequently
increased pulmonary vascular resistance [86]. Timing for assessment
for heart transplantation also remains a challenge because accurate
prediction of prognosis is difficult and no single prognostic variable
is able to provide a discriminatory capacity on the need and timing
for heart transplantation [115,116]. Serial exercise testing and other
variables such as hospitalization, clinically relevant arrhythmia,
symptomatic HF, PLE and plastic bronchitis are useful in helping
to determine CHD patients at need for heart transplantation. Pre-
transplant evaluation is recommended to assess vascular resistance,
the presence of disease [42].

Meta-analysis of hf therapy in CHD

Significant advances in medical and surgical therapies has led to an
increasing number of children born with CHD survive into adulthood.
Depending upon underlying cardiac defect or a particular corrective
surgery the patient might have undergone, this group of adult CHC
patients constitute a new population with unique medical sequelae.
With a lack of clinical trials to guide clinicians on specifically managing
adult CHD patients with HE, most of the ESC medication guidelines
for managing acute HF have been applied in adult CHD patients
with HF after taking into account greater complexity and varied
comorbidities usually on a case-by-case basis [42,95]. Moreover, adult
CHD patients are at a higher risk of cardiac arrhythmias and other
sequelae that could lead to SCD. In these patients, the value of ICD
as a primary or secondary prevention therapy against SCD remains
partially understood. Therefore, this meta-analysis aims to determine
the therapeutic value (safety and efficacy) of HF medication and ICD
therapies in management of HF in adult CHD patients.

Med Clin Arch, 2018 doi: 10.15761/MCA.1000141

Study search and selection

A systematic search was conducted in three major online databases
(PubMed, EMBASE and Cochrane) for studies investigating clinical
management of HF in CHD patients irrespective of publication language
or year. To avoid overlooking studies that did not mention CHD in the
title or abstract, the first 200 relevance-ranked articles retrieved with a
full-text Google Scholar search were included. Additional studies were
searched from references of the included papers and then subjected to
the inclusion criteria. The search strategy included patient population of
interest (have CHD or underwent corrective surgery) and intervention
of interest (medical therapy — ACE-I, ARBs, beta-blockers or MRA - or
device therapy - ICD). In particular, inclusion criteria was the study
(a) enrolled CHD patients with systolic failure of the morphological
systemic LV, RV, sub-pulmonary right ventricle or single ventricle, or
at risk of SCD; and (b) patient were treated with medications or device
therapy for primary or secondary prevention of SCD. Conference
abstract of unpublished studies, case series and review articles were
excluded. There was no restriction on the type of ICD (transvenous,
epicardial or subcutaneous) and/or lead configuration (single chamber,
dual-chamber, or cardiac resynchronization therapy).

Data extraction and statistical analysis

Two reviewers independently screened all the retrieved studies
for eligibility and extracted data from the included studies. Extracted
data included study characteristics, patient characteristics, follow-
up duration, ICD and clinical outcomes (complications or death).
Differences between reviewers were resolved through consensus.
Therapeutic outcomes of interests reported in more than one
study included parameters of RV function or morphology (RVEEF
RVEDV and RV mass) for medical therapy, and appropriate shocks,
complication and all-cause death for ICD therapy. For each outcome,
summary statistics (mean and standard deviation) before and after the
intervention was collected for treatment and control groups in RCT
studies. Treatment effect was calculated by difference in means before
and after intervention or between treatment and control (placebo)
groups and 95% confidence interval (CI) for RV function outcomes,
complications and deaths in medication and ICD patients respectively.
Forests plots were used to visually examine heterogeneity between
studies where p-value suggested evidence of heterogeneity. Pooled
treatment effect and associated 95% CI across the included studies was
estimated for RCTs (treatment and control arms) and for observation
studies (before and after treatment).

Results

In total, 234 articles met our search criteria. A review of reference
lists of the included studies and review articles did not yield additional
articles. After screening of titles and abstract, 54 studies were selected
for full-text screening against the inclusion criteria. The main reason
for exclusion of full-text articles was the lack of intervention with HF
medication or no provided data for complications and/or death for
patients implanted with ICD. Eventually, 17 studies (N=3,669) were
included in this meta-analysis [76,117-132]. Tables 4, 5 and 6 provide
summaries of the final studies on medical and device therapy for HF in
CHD patients considered for this systematic review and meta-analysis.

Medical therapy

In total, 182 CHD patients with HF receiving medical therapy -
ARB, ACE-], beta-blockers and/or MRAs were included from six
studies [76, 117-121] published between 2005 and 2013. Across
the included studies, the proportion of female patients was 34%,
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Table 4. Medical therapy for HF in CHD based on intrinsic myocardial dysfunction

Type of HF Morphology Symptomatic Medication
LV (EF <40%) Yes/No RAAS blockers, beta-blockers, MRA, diuretics, digoxin
Systemic ventricular failure No No medical treatment
RV (EF <40%) R S
Yes RAAS blockers, beta-blockers, MRA, diuretics, digoxin
. i No No medical treatment
Sub-pulmonary ventricular failure LV/RV (EF<40%) . N
Yes Diuretics, MRA, pulmonary vasodilators
Fontan circulation (EF<40%)/LV No RAAs blockers, beta-blockers, MRA, digoxin
No No medical treatment
) ) . RV, LV and RV VTR
Single ventricular failure Yes RAAS blockers, beta-blockers, MRA, diuretics, digoxin
. . No No medical treatment
Persistent right-to-left-shunt R
Yes Diuretics, agents to reduce afterload
. No No medical treatment
HF with preserved EF R o .
Yes Diuretics, beta-blocker, rate limiting calcium channel blocker.
(EF: Ejection Fraction; HF: Heart Failure; MRA: Mineralocorticoid Receptor Antagonist; RAAS: Renin-Angiotensin-Aldosterone System)
Table 5. Summary of included studies on medical therapy
. . Age Mean+SD C Cardiac
1st Author [Ref #] Year Study Design No. of Patients (Years) Female (n) Medication Type Evaluation FuP (Months)
Dore et al. [76] 2005 Observation 29 30.3+10.9 5 ARB Echo 4
Giardini et al. [117] 2007 Observation 8 26(18-31) 3 B-blocker MRI 12
Therrien et al. [118] 2008 RCT 17 26.4+5.2 6 ACE-1 MRI 12
Bouallal et al. [119] 2010 Observation 14 35(24-57) 7 B-blocker MRI 13
Dos et al. [120] 2013 RCT 26 26.4+5.4 10 MRA MRI 12
Van der Bom et al. [121] 2013 RCT 88 33.0£10 31 ARB MRI/MDCT 36

(ARB: Angiotensin II Receptor; FuP: Follow-up Period; MDCT: Multi-Detector Computed Tomography; MRA: Mineralocorticoid Receptor Antagonists; MRI: Magnetic Resonance

Imaging; RCT: Randomized Controlled Trial; SRV: Systemic RV Failure)

Table 6. Summary of included studies on ICD therapy

FuP Indication for ICD

u

1st Author [Ref # Year N Age (years Male (n i
" [ 1 ge (years) ® (Months) RSCD Syncope LTVA  Pre-syncope Palpitation I“dlsl;lble
Stefanelli et al. [122] 2002 27 14 (6-26) 13 32429 15 9 3

Korte et al. [123] 2004 20 16+6 51431 6 5 9

Michael et al. [124] 2007 5 24 (19-35) 3 20

Khairy et al. 125[] 2008 37 28+7.6 33 3.6 (1.5,5.5) 8 11 3 12 7
Khairy et al. [126] 2008 121 33;3(5291)'3_ 72 44.4 30 25 13 33 28
Celiker et al. [127] 2010 28 11.6 18 31.2 8 11 3

Koyak et al. [128] 2012 136 41£13 91 4‘61509'())1_ 31 6 72 5 1

Lopez et al. [129] 2012 6 52.8(38-65) 4 60

Jin et al. [130] 2013 15 14.5£5.4 9 28.9+20.4 7 2 6

Jordan et al. [131] 2014 3139 53.0£18.2 1129

Santharam et al. [132] 2016 42 45.0 (21-71) 23 60 15

(LTVA: Life-Threatening Ventricular Arrhythmia; RSCD: Resuscitated Sudden Cardiac Death)

age ranged from 26.4 to 35.0 years with a mean of 29.5 years; mean
follow up was 14.8 months range 4 to 36 months. Three studies were
RCTs [118,120,121] randomizing 131 patents to treatment (n=66) or
placebo study arms (n=65) while the remaining three studies were
observational [76,117,119] investigating changes (pre- and post-
treatment) in ventricular function and/or morphology assessed using
echocardiography [76], MRI [117,118,120], MRI/multi-detected CT
(MDCT) [121] or radionuclide ventriculography [119].

When the effect of medical therapy on RV function and
morphology measured by echo, MRI or MDCT was pooled, the
traditional HF medication led to positive improvement RV parameters
but the improvement was not statistically significant. RVEF (difference
in means: 0.23; 95% CI: -0.037 to 0.496; p=0.091) (Figure 2); RVEDV
(0.141; 95% CI: -0.478 to 0.196; p=0.411) (Figure 3), RVESV (0.028;
95% CI: -0.163 to 0.219; p=0.775) (Figure 4), and RVM (-0.046; 95%
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CI: -0.230 to 0.138; p=0.627) (Figure 5). These results suggest that
medical therapy has limited beneficial effect to cardiac function and
morphology in CHD patients with HE. However, the current findings
are based on a limited number of RCTs, with a many studies adopting
an observation design. Larger prospective RCTs are needed to confirm
the effect of HF medication on patients with CHD.

We also evaluated heterogeneity across the included studies. Of
all the medical outcomes on RV function assessed, only the mean
difference in pre and post-treatment RVEF was found to have statistical
significant heterogeneity (p=0.036). However, it should be noted that
due to the few studies and patients included, the power to detect
heterogeneity across studies was reduced. Bayesian analyses were not
carried out because there was no instance in which the overall result
was statistically significant and evidence of heterogeneity would be
insufficient.
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Study name Outcome Statistics for each study Std diff in means and 95% CI
5td diff Lower Upper
inmeans limit limit p-Value
Giardini et al. [117] RVEF 1487 0482 2492 0.004
Themien et al. [118] RVEF 0160 0838 0319 0513
Van der Bom et al. [121] RVEF 0028 0180 0.227 0.788
Dos et al. [120] RVEF 0.241 0145 0621 03225
Dore &t al. [76] RVEF 0223 0146 0531 0238
Bouallal et al. [112] RVEF 0.542 0018 1104 0.058
0.220 0.027 0428 0.091

-1.00 -0.50 0.00 0.50 1.00

Fawours Baseline Favours Treatment

1*2=58.105%; p=0.036

Figure 2. Pre- and post-treatment RVEF and 95% CI

Study name Cutcome Statistics for each study Std diff in means and 95% CI

Std diff Lower Upper
inmeans limit limit p-Value

Giardini et al. [117] RVEDV -1.237 <2158 0.008 -
Therrien et al. [118] RVEDV 0116 0.553 0.635 —
Wan der Bom et al. [121] RVEDV 0.076 -D.124 0.47%
Daos et al. [120) RVEDV -0.440 0778

-0.478 0.411

-1.00 -0.50 0.00 0.50 1.00

Favours BaselineFavours Treatment

142=61.053%; p=0.053

Figure 3. Pre- and post-treatment RVEDYV and 95% CI

Study name Cutcome Statistics for each study 5td diff in means and 95% CI

5td diff Lower Upper
inmeans limit limit p-Value

Themien et al. [118] RVESV 0082 0294 0.
Van der Bom et al. [121] RVESV Q.7 0181 0.

n

58 0.738
28 0.870
0.028 -0.183 0.218 0775

-1.00 -0.50 0.00 0.50 1.00

Favours BaselineFawours Treatment

1A2=0.00%; p=0.808

Figure 4. Pre- and post-treatment RVESV and 95% CI

Study name Cutcome Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
inmeans limit limit p-Value

Van der Bom et al. [121] RVM 0.012 0128 0222 05800

Dos et sl. [120] RWM -0.252 0843 0138 0.205

-0.048 -0.220 0138 0827

-1.00 -0.50 0.00 0.50 1.00

Fawours BaselineFavours Treatment

1%2=27 725%; p=0.239

Figure 5. Pre- and post-treatment RVM and 95% CI
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Device therapy

In total, 3,487 CHD patients with HF who underwent implantable
cardioverter defibrillator (ICD) implantation were included from 11
studies published between 2002 and 2016 [122-132]. Table 5 displays
a summary of the study, patient and outcomes characteristics in the 11
studies. In the included studies, patients were relatively young (mean
age = 32.3 years; range = 11.6 to 55.1) followed for a mean of 33.57
months, range 3.6 to 60 months. In eight studies [122,125-128,130-
132], more patients (n=2,146; 62%) had implantation for primary
prevention. In five studies [122,123,127,128,130], although there were
multiple indications for ICD, the common ones were life threatening
(or non-sustained) ventricular arrhythmias (47.8%), resuscitated
or aborted SCD (29.7%), syncope (14.6%), pre-syncope (2.2%) and

palpitations (0.4%) and others (5.3%). In pooled analysis of appropriate
ICD interventions, more than a third of the patients (34.1%; 28.3-40.3)
received appropriate ICD shocks in six studies [122,123,127-130,132]
(Figure 6), while inappropriate ICD shocks occurred in over one in four
patients (26.4%; 22.4-30.9) in eight studies [122,123,125-128,130,132]
(Figure 7). ICD complications occurred in 16.9% (3.8-50.9) of the
patients in six studies [122,125,127,129,130,131] (Figure 8). Although
no ICD-related deaths were reported, all-cause death occurred in 13.3%
(9.4-18.4) in seven studies [122-125,128-130] (Figure 9).

Discussion of findings

This meta-analysis sought to determine whether CHD patients
with HF could benefit from the current medical and device therapies
developed for HE The results suggest HF medication have no significant

p-Value

0.017
0.033
0.261
0.000
1.000
0.206
0.000
0.000

Study name Statistics for each study
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Koyak et al. [128] 0.287 0217 0.368
Lopez et al. [129] 0.500 0163 0.532
Jin etal. [130] 0.333 0.146 0.594
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Figure 6. Forest plot of appropriate ICD shocks and 95% CI

Study name Statistics for each study Event rate and 95% CI
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Figure 7. Forest plot of inappropriate ICD shocks and 95% CI
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Figure 8. Forest plot of ICD complications and 95% CI
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Figure 9. Forest plot of all-cause death and 95% CI

beneficial clinical outcomes in terms of improving ventricular function
(RVEE, RVEDV, RVESV) as assessed by echocardiography, MRI or
MDCT, or attenuate ventricular remodelling (changes in RVM) in
adult CHD patients. Only four classes of medications (ARBs, ACE-I,
beta-blockers and/or MRAs) were assessed on patients with complex
cardiac defect (systolic failure of the morphological systemic RV). There
was insufficient data for pooled analysis on other CHD conditions such
as systolic failure of the sub-pulmonary RV or single ventricular.

The analysis of ARBs, ACE-I, beta-blockers and/or MRAs in CHD
patients with HF is supported by previous evidence on non-congenital
systemic LV failure in which they improve LV function, reduce
ventricular mass/size, attenuate RV remodelling and reduce fibrosis
[133-135], and dose-related decrease in deaths and hospitalization,
and improvement in exercise tolerance [136,137]. Pathophysiological
mechanisms for ventricular dysfunction in CHD patients is multi-
faceted but current evidence suggests the involvement of increased levels
of neurohormones (norepinephrine and epinephrine) and fibrosis, the
latter correlating with extent of ventricular dysfunction and higher
incidences of adverse cardiac events such as syncope and arrhythmias
[138-141]. Thus, the increase in neurohormonal and fibrosis in CHD
patients with systemic RV suggests medication used for HF with LV
failure may lead to improved outcomes in CHD patients with RV
dysfunction. However, factors such as few studies, small sample size,
increased numbers of patients lost to follow-up, and different degree of
RV dysfunction may have affected the accuracy of outcomes.

Medical therapy in CHD patients with HF targets to relieve
symptoms and improve RV function [42,95]. However, SCD affects 20-
25% of these patients and device therapy is indicated for both primary
and secondary prevention of SCD [142,143]. Most of the studies on
device therapy have examined ICD, while very few (insufficient for a
pooled analysis) have assessed cardiac resynchronization therapy and/
or cardiac transplantation. In our pooled analysis of ICD, CHD patients
had a high rate of appropriate ICD interventions (34.1%) and lower
rates of ICD complications (16.9%) and all-cause death (13.3%) both in
primary and secondary prevention. The present findings are consistent
with that of a previous meta-analysis. Vehmeijer et al. [144] report high
rates of appropriate ICD shocks and lower rates of mortality (10% in a
follow-up of 3.7 years) compared to the conventional ICD population
of ischemic and non-ischemic cardiomyopathy patients of SCD in HF
trial (22% in 3.8 years) [145] but higher than in the average population
(3% in 3.6 years) [146]. However, the higher rates may be associated
with ICD indicated for CHD patients with the highest risk for SCD and
some patients who would have benefited from ICD sis not receive the
device [144].

Med Clin Arch, 2018 doi: 10.15761/MCA.1000141

The present findings support current recommendations of the
ESC on treatment of HF in adult CHD using ICD for the prevention
of SCD. The recommendations are based on evidence from
retrospective studies, expert opinions and extrapolation from other
patient groups [42]. Despite higher rates of appropriate ICD shocks
and lower mortality rate, the present analysis find the use of ICD in
CHD patients can result in inappropriate ICD shocks and ICD-related
complications in some patients. The rates have been reported to be
higher in CHD patients (26%) [144] compared to conventional HF
populations (14%) [145]. Most of these complications result from lead
failure or dislodgement associated with complex anatomy in CHD
patients, and the need for generator replacement and/or additional
cardiac surgery, altogether destabilizing the leads. However,
continued advancement in device and lead technology would reduce
complications and inappropriate shocks from failed leads, improving
the safety and efficacy of ICD therapy for selected CHD patients with
HE

Conclusion

In CHD patients, HF can develop early because of one or more
residual substrates from an underlying or surgically corrected cardiac
defect causing accumulated cardiac pressure, volume, tension and flow.
Continuedimprovementinsurvivalduetosuccessinsurgicaland medical
management of patients born with CHD has led to an overall shift in
the burden of care from pediatric to adult patients. Adult CHD patients
have residual substrates predisposing them to early development of HE
In these patients, HF develops via three main pathogenic pathways:
genetic, non-genetic or a combination of the two. Clinically, HF in
adult CHD patients manifests as a triad of neurohormonal activation,
cardiac abnormality and exercise intolerance. In a sub-population of
adult CHD, those with cyanotic conditions, clinical presentation is
complicated because they may not exhibit typical HF symptoms and
arrhythmias may be the first clinical manifestation of HE. Diagnosis of
HF in CHD is based on assessment of patient’s medical history, serum
NP tests, ECG, cardiopulmonary tests and imaging (echo or cardiac
MRI). HF in adult CHD lacks focused clinical management strategies
and instead adopts consensus guidelines developed for HF in general.
Although the efficacy of medical therapy in improving cardiac function
is still inconclusive, it improves prognosis or alleviate symptoms. For
CHD patients with systolic ventricular failure, exercise training, device
therapy (for prevention of SCD), and ultimately heart transplantation
can improve survival. However, heart transplantation is challenging
because of difficulty in selecting deserving patients who will benefit
from the procedure and the lack of prognostic variable to inform or
monitor treatment efficacy.
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