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ABSTRACT

Purpose: to assess the long-term follow-up in patients with systemic right ventricle.

Methods: Seventy-three patients with systemic right ventricle (SRV) evaluated in the outpatient
clinic between January 2014 and September 2020 were enrolled in this study. Thirty-four patients
had a transposition of the great arteries treated either with Mustard or Senning procedure and 39

patients had a congenitally corrected transposition of the great arteries (cCTGA).

Results: Mean age at the first evaluation was 29.6 + 14.2 years, 47.9% were female. NYHA class
at the visit was as follows: I in 53 % of cases, Il in 33 % of cases, |11 11% of cases and IV in 3%
of cases. The first echocardiographic evaluation testifies end diastolic/systolic area 20.1 + 5.3
cm2/m2 respectively 12.9 £+ 4.4cm2/m2 significantly more dilated was the SRV of ASO patients.
Overall, systolic function was normal or slightly impaired. A quarter of patients had significant
tricuspid regurgitation (sTR). Cardiac MRI (CMR) confirmed the dilatation of the SRV end
diastolic RV volume = 117 + 40ml/m2 a RV ejection fraction = 49 + 12%. Late gadolinium

enhancement (LGE) was presented 42.3% of cases. CPET showed a reduced exercise capacity.

Survival free from adverse events was 98.6% at one year and 95.8% at 5-year follow-up without
difference between the two groups. The most common adverse event during follow-up the
presence of arrhythmia requiring hospitalisation (27.1%) followed by signs of heart failure
requiring hospitalisation (12.3%). The presence of LGE at CMR together with lower exercise

capacity, higher NYHA class and more dilated and/or hypokinetic RV predicted a poorer outcome.

Conclusions: Long term follow-up of patients with systemic right ventricle is characterized by a
high incidence of clinical events, prevalently arrhythmias and heart failure which cause most of the

unscheduled hospitalisations.
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BACKGROUND

The prevalence of congenital heart diseases (CHD) with a morphological right ventricle sustaining the
systemic circulation is almost 12%. [1] Two conditions are mostly associated with the presence of a
systemic right ventricle (SRV) and a biventricular circulation: the transposition of the great arteries with

previous atrial switch repair and the congenitally corrected transposition of the great arteries.

Atrial switch operation (ASO)

Transposition of the great arteries (TGA) is a frequent cyanotic CHD, with an incidence ranging from 20.1
to 30.5 over 100000 live births, with a strong male preponderance, characterised by atrioventricular
concordance and ventriculoarterial discordance. Left untreated is often lethal within the first months of life
especially in absence of an atrial septal defect. A drastic survival improvement was achieved after the
introduction in 1957 of the atrial switch operation (ASO) by Ake Senning [2] subsequently modified by
William Mustard in the 1963. [3] ). In the Senning repair the atrial baffle is created in situ using tissue from
the right atrial wall and interatrial septum, while in the Mustard operation most of the atrial septum is

removed and the baffles are made from pericardial tissue or synthetic material.




Figure 1: Adapted from Moss and Adams Heart Disease in infants, children and adolescents ninth edition ASO: Senning technique: A: A right
atriotomy parallel to the caval veins extended into the atrial appendage. Exposure of the atrial septum and its incision anteriorly, superiorly, and
inferiorly to form a septal flap which remains fixed posteriorly between the caval entrances. B: The systemic venous chamber and conduit to the
mitral valve is formed posteriorly by the repositioned septal flap (shaded area), and the conduit then is completed anteriorly by suturing the
posterior right atrial free wall flap (z z z) anteriorly to the anterior septal limbus (z z z) as in (C). A left atriotomy is made as long as possible in
the internal atrial groove (exposing the orifices of the right pulmonary veins). C,D: The pulmonary venous chamber and pathway to the tricuspid
valve are completed with the suturing of the anterior right free wall atrial flap (asterisk) over the right pulmonary veins to the anterior lip of the
left atriotomy (asterisk). D: Black arrows indicate systemic venous caval flow through the newly created atrial tissue conduit and systemic venous
chamber (cross-hatched area) toward the mitral valve. White arrow indicates pulmonary venous flow path in pulmonary venous atrium passing
behind, rightward, and anterior to the systemic venous chamber toward the tricuspid valve (TV). IVC and SVC, inferior and superior vena cavae;

MV, mitral valve; PV, PVL, and PVR pulmonary veins, left and right.
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Figure 2: Adapted from Moss and Adams Heart Disease in infants, children and adolescents ninth edition ASO: Mustard technique: A: the right
atrium is opened through an oblique atriotomy incision, exposing the interatrial septum (IAS). B: The atrial septal remnants are excised widely
posteriorly, inferiorly, and superiorly but not anteriorly to preserve a small anterosuperior rim of atrial septal tissue between the superior vena
cava and tricuspid valve (TV). In all atrial switch operative techniques, the area of the sinus node and the sinus node artery must be scrupulously
avoided in order to minimize dysrhythmia complications. C: An appropriate baffle material, usually pericardium (cross-hatched area) is sutured
in place. Suturing starts across the floor of the left atrium along a line immediately to the left of the left pulmonary vein orifices. The suturing
continues around the orifices of the superior and inferior vena cavae (SVC, IVC) and finally along the anterior atrial septum resection line to
complete the baffle conduit. D: The oblique atriotomy is closed. Black arrows indicate systemic vena caval flow patch through the newly fashioned

pericardia! (or synthetic material) conduit and systemic venous chamber (cross-hatched area) toward the mitral valve (MV); white arrow indicates



pulmonary venous flow path in pulmonary venous atrium passing behind, rightward, and anterior to the systemic venous chamber toward the

tricuspid valve (TV). PV, pulmonary valve.

In terms of connections, the ASO imposes a discordant AV connection on the existing discordant AV

connections; this "double-negative " results in a "normal” circulation with SRV.

Major complications of ASO are: arrythmias, SRV dysfunction, progressive tricuspid valve regurgitation
(TR), heart failure, baffle stenosis or leakage, left ventricular outflow tract obstruction (LVOTO), post
capillary pulmonary hypertension, death either due to end stage heart failure or to malignant arrhythmias.

[4, 5] Long-time survival up to 40 years is 60-75% with a low rate of event free survival. [6-8]
Congenitally corrected transposition of the great arteries (ccTGA)

Congenitally corrected transposition of the great arteries is a rare CHD, characterised by atrioventricular
and ventriculoarterial discordance, with a prevalence of 3 over 100000 live births. The risk of recurrence
of CHD in first-degree relatives is not uncommon and was estimated at about 2-5%. Almost 5% of patients
will have a situs inversus while 25% of patients will demonstrate dextrocardia or mesocardia. Moreover,
unlike TGA, ccTGA is frequently associated with other abnormalities such as ventricular septal defect
(VSD), pulmonary outflow obstruction, atrial septal defect (ASD) and abnormalities of the conduction
system. Late complications of ccCTGA are a progressive TR, SRV dysfunction and consequently heart
failure, LVOTO, complete atrio ventricular block with 2% loss in AV conduction per year, more frequent

in patients with VSD repair and TV replacement. [5]




Figure 3: Adapted from Moss and Adams Heart Disease in infants, children and adolescents ninth edition ccTGA without associated lesions (left
hand side panel) and ccTGA with associated anomalies. (A) Ventricular septal defect (VSD); (B) Ebstein anomaly of the tricuspid valve; ( C)

multiple-level left ventricular outflow obstruction; (D) atrial septal defect (ASD).

Systemic right ventricle: evaluation and natural history

Systemic RV has a poorer prognosis comparing to the “normal systemic left ventricle” mainly due
to the different morphology, fibromuscular architecture and therefore adaptation to chronic and/or
acute pressure or volume overload. SRV dysfunction can be explained by coronary perfusion
mismatch especially in patients with ccTGA where the coronary arteries are inverted consequently
the RV is supplied only by the left-sided (morphologically right) coronary artery, which can lead
to inadequate perfusion of the hypertrophied walls and therefor deterioration of the RV function
with aging, tricuspid valve regurgitation or conduction abnormalities. Van Praagh summarised
anatomic differences between left and right ventricle that provide a significant advantage for the

left ventricle in the systemic circulation. [9]

Left Ventricle Right Ventricle (“Low
"“Pressure Pump") Pressure/Volume Pump™)

Cavity Cylindrie Crescentie
Contraction pattern Concentric Bellows-like
Inlet and outlet valves Clozse proximity Distant
Coronary artery supply Two coronary arleries One coronary arery
Developmental origin Primitive ventricle Bulbus cordis
Mitral valve Closure for eireular orifice Closure for crescentic orfice
Papillary muscles Two large papillary muscles Multiple small papillary muscles

Figure 4: Anatomic and Physiologic Differences Between the Left and Right Ventricles (after Van Praagh)

Hence, considering the increasing number of adults with congenital heart disease (ACHD)
especially complex CHD the management of the SRV remains a huge challenge for the ACHD
cardiologists, interventional cardiologists and cardiac surgeons.[10] Cuypers and al. evidenced
after a median follow-up of 35 years a cumulative survival of: 84% after 10 years, 80% after 20
years, 77% after 30 years, and 68% after 39 years in ASO patients. However, cumulative survival
free of events (heart transplantation, arrhythmias, reintervention, and heart failure) was 19% after

39 years.[8]



Echocardiography

It is well known that the ejection fraction of the left ventricle (EF LV) is one the most important predictors
of outcome in patients with acquired cardiac diseases. Right ventricle evaluation at 2D echocardiography

might be challenging because of the complex geometry and the lack of specific right-sided anatomic
landmarks to be used as reference points. Evaluation of RV is recommended in a modified
conventional apical four-chamber view to evaluate properly the free wall of the RV. The normal
values of areas, diameters and wall thickening of the RV recommended by the American Society
of Echocardiography and the European Association of Cardiovascular Imaging [11] are resumed

in table 1.
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Table 1: Normal values for RV chamber size

Parameter

RV basal diameter (mm)

RV mid diameter (mm)

RV longitudinal diameter (mm)

RVOT PLAX diameter (mm)

RVOT proximal diameter (mm)

RVOT distal diameter (mm)

RV wall thickness (mm)

RV EDA (cm2)

RV EDA indexed to BSA (cm2 /m2)

RV ESA (cm2/m2)

RV EDV (ml/m2)

RV ESV (ml/m2)

11

Normal range

25-41

19-35

59-83

20-30

21-35

17-27

1-5

Men 10-24

Women 8-20

Men 5-12.6

Women 4.5-11.5

Men 3-15

Women 3-11

Men 35-87

Women 32-74

Men 10-44

Women 8-36



Systolic evaluation of RV

Systolic function of SRV has an important prognostic value. However, contrary of the LV EF,
echocardiographic evaluation of RV EF is problematic due to the shape of the RV which does not
allow a geometric formula to calculate it. Therefore, cardiac MRI is the gold standard for RV
functional assessment. However, different echocardiographic parameters are routinely
recommended to evaluate the systolic function of the RV and a good correlation with the cardiac

MRI RV EF have been demonstrated.
1. Tricuspid annular plane systolic excursion (TAPSE)

TAPSE is easily obtainable and represents a measure of RV longitudinal function. Although this
index predominantly reflects RV longitudinal function, it has shown good correlations with
parameters estimating RV global systolic function, such as radionuclide-derived RV EF, 2D
echocardiographic RV FAC, and 2D echocardiographic EF. TAPSE < 17 mm is highly suggestive

of RV systolic dysfunction. [11]

Lissin et al. showed a good correlation between TAPSE and MRI-based systemic RVEF in a small
cohort of patients with TGA and previous atrial switch procedure. [12] Later, Khattab et al.
evaluated the best cut-off of systolic parameters of SRV and their correlation with MRI-based

systemic RVEF, TAPSE cut off was identified being less than 14mm. [13]
2. Doppler Tissue Imaging (DTI)-Derived Tricuspid Lateral Annular Systolic Velocity

DTI-Derived Tricuspid Lateral Annular Systolic Velocity velocity is easy to measure, reliable, and
reproducible, and it has been shown to correlate well with other measures of global RV systolic
function. An S velocity < 9.5 cm/sec measured on the free-wall side indicates RV systolic

dysfunction.
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3. Fractional area change (FAC)

FAC provides an estimate of global RV systolic function. RV FAC < 35% indicates RV systolic

dysfunction. For SVR the cut-off of normality recommended by Khattab et al. was 33%. [13]
4. RV Strain and Strain Rate

Strain and strain rate are useful parameters for estimating RV global and regional systolic function.
Longitudinal strain is calculated as the percentage of systolic shortening of the RV free wall from
base to apex, while longitudinal strain rate is the rate of this shortening. In the context of the right
ventricle, GLS (global longitudinal strain) is a parameter borrowed from LV measurements, and
software currently used to measure RV GLS from most manufacturers has been designed for LV
measurements and later adapted for the right ventricle. The term RV GLS usually refers to either
the average of the RV free wall and the septal segments or the RV free wall segments alone. Pooled
data suggest that global longitudinal RV free wall strain > - 20% (< 20% in absolute value) is

abnormal.

Indices of myocardial deformation in SRV are reliable and highly reproducible with lower rate of
global longitudinal strain (GLS) when compared with the control group -13.2 + 3.8% versus - 20.6

+ -2.6% (6 segments model) [14]

Kowalik et al evaluated SRV in patients witc ccCTGA and evidenced that GLS < -16.3% identified
RV EF > 45 % at CMR with an acceptable sensibility. The authors suggest routine use of GLS for

evaluation of systolic SRV function. [15]
5. Three-dimensional echocardiographic RV EF

3D RV EF has a particular clinical value in patients after cardiac surgery when conventional
indices of longitudinal RV function (TAPSE, DTI S wave) are generally reduced and no longer
representative of overall RV performance. 3D RV EF is feasible, reproducible, and highly

correlated with MRI evaluation in patients with SRV. [16]
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Iriart et al in an interesting review of SRV echocardiographic evaluation [17] suggest the following

cutoff for the systolic evaluation of SRV.

Table 2 Cut-offs for systolic right ventricular function evaluation

Parameter Normal value
TAPSE, (mm) >14
DTI-Tricuspid Lateral Annular >0.5

Systolic Velocity, cm/sec

GLS, % <-10a-145
FAC, % >33
3D RV EF, % >45

Cardiovascular magnetic resonance (CMR)

CMR evaluation is the gold standard in patients with SRV either to evaluate the dimensions and
the RV systolic function but also to assess the presence of fibrosis detected by late gadolinium
enhancement (LGE). RV mass and volumes are depending on the body surface area and the
indexed values normally grater in males, moreover volumes normally decrease with aging. A

recent review of the “normal CMR values” have been published by Kawel-Boehm et al. [18]
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Table 3 Cut-offs for right ventricular volumes and function at the CMR

Parameter 20-29 years 30-39 years 40-49 years 50-59 years

Adult men by age group

RVEDV/BSA (ml/m2) 94 +15 (63-124) 83 +13 (57-109) 81+ 16 (50-112) 80 + 16 (48-111)
RVESV/BSA (ml/m2) 44 +11 (23-66) 38 +8 (23-53) 34 + 8 (18-49) 35 + 10 (24-54)
RVEF, (%) 52 + 8 (36-69) 55 + 7 (41-68) 57 + 8 (40-73) 57 + 8 (41-74)

Adult women by age group

RVEDV/BSA (ml/m2) 78 £12 (55-101) 76 £12 (57-109) 74 £ 14 (46-102) 69 + 13 (42-95)
RVESV/BSA (ml/m2) 33 + 12 (10-56) 31+ 8 (15-48) 29 + 8 (13-45) 28 + 8 (11-44)
RVEF, (%) 56 + 11 (34-78) 58 +9 (39-77) 60 + 8 (44-76) 61+ 8 (44-78)

RVEDV right ventricle end diastolic volume, RVESV right ventricle end systolic volume, RVEF right ventricle ejection fraction, mean value + standard deviation (LL

lower limit-upper limit).

Previous studies evidenced a relatively high prevalence of fibrosis which is strongly correlated
with a poorer outcome. [19, 20] The presence of fibrosis was confirmed by Roberts at al, who
presented an autoptic cohort of 4 patients with a previous ASO aged between 33 and 50 years.
SRV had thicker walls and frequent scars who were not evidenced in the LV. Moreover, the
myocytes in the wall of the right ventricle were larger than those in the wall of the left ventricle
[21]. The distribution of fibrosis more frequent involving the subpulmonary LV suggests adverse

ventricular-ventricular interaction at the extracellular matrix level. [22]

Echocardiographic follow up is regularly recommended in patients with ASO every 6/12 months

according to the clinical status while cardiovascular magnetic resonance (CMR)/cardiovascular
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computed tomography (CCT) are recommended every 3-5 years in stable patients and every year

in patients with moderate complications. [23] [24]
Exercise capacity: cardiopulmonary exercise test (CPET)

Adults with SRV have reduced exercise capacity compared with their siblings apparently due to
inadequate heart response to exercise [25, 26] or ventricular dysfunction [27]. Farther,
chronotropic incompetence seems to be an independent predictor of long-term survival. [28]
Winter et al demonstrate an increase in exercise capacity after 10-week training in patients with
SRV without any impact on functional status or quality of life [29]. A tree-year follow up of the
same cohort of patients evidenced that the benefit of 10-week training was not maintained at 3-
year follow-up; however, atients who habitually performed physical activity over 3 years had
higher peak VO2 values. [30] These data underline the importance of patients’ education and the

necessity to avoid a sedentary lifestyle.
Quiality of life

Health related quality of life (QOL) has an emergent role in the evaluation of patients with chronic
medical conditions. The interest of QOL in the adult population with congenital heart diseases
(ACHD) has progressively increased during the last decade. The data are quite surprisingly
evidencing that ACHD patients are just as well as their healthy counterparts or have a better QOL,;
this could be explained by a stronger sense of coherence in patients with CHD reason of their

wellbeing despite the complex chronic condition. [31] [32]
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Pregnancy

Woman with previous atrial (Senning and Mustard) switch can tolerate pregnancy even if there is
an increased risk of maternal complications such as arrhythmias and heart failure (modified WHO
risk class Ill). Furthermore, an irreversible decline in RV function and worsening TR was
described. [33] Canobbio et al evidenced a high complication rate both during the pregnancy and

after the delivery. [34]

Equally, patients with ccTGA have a high risk of complications including arrhythmias and HF
during pregnancy (modified WHO risk class Ill). Moreover, ccTGA pregnant woman are
predisposed to complete AV block. [35] Kowalik et al reported high rate (95%) of successful
pregnancies without maternal mortality but, complications such as SRV dysfunction, arrhythmias

and AV block requiring pacing were described. [36]
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Management of complications during follow-up
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Figure 5: Long-term complications of ASO: adapted from ESC Guidelines 2020 [5]

Heart failure

Almost 22% of patients with a previous ASO procedure and 32% of ccTGA patients develop signs
of heart failure (HF) during follow-up. Patients with HF signs have a dramatically increased
mortality when compared with asymptomatic SRV patients. Decreased RV EF was associated with

the onset of HF symptoms and signs. [37] [38]
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The mortality among adult patients with ccTGA was 16% at 40 years of age, the mortality causes

were tachyarrhythmia, sudden death, or congestive heart failure. [38]

Unlike the heart failure with reduced EF (HFrEF) in patients with acquired cardiac diseases where
medical therapy plays a crucial role in improving survival, only a limited number of studies
explored the effectiveness of medical therapy in adults with systemic RV dysfunction and signs of

HF with inconclusive results. [39]

Cardiac resynchronization therapy (CRT) on top of optimal medical therapy is an effective
treatment option for patients with HFrEF, wide QRS and ventricular dyssynchrony. However, data
on ACHD population are limited; the complex anatomy added to the presence of fibrosis can make
almost impossible the expected result to the resynchronisation therapy. Diller et al evidenced that

only 4-9% of unselected patients with a systemic RV are potentially eligible for CRT. [40]

Ventricular assist device (VAD) can be used in patients with SRV failure as bridge to heart
transplantation. [41] However, VAD implantation in SRV is challenging and inflow cannula

occlusion due to excessive SRV trabeculations has been described.

Heart transplantation (HT) is the only therapy of patients with end stage HF. However, even if
CHD patients are younger, they pass longer time in the waiting list for heart transplantation when
compared with patients with acquired cardiac diseases. Moreover, CHD patients have a
significantly higher early mortality after HT but surprisingly, after the acute phase, they have the

best long-term survival. [42]
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Arrythmias

Bradycardia

Sinus node dysfunction is frequent in patients with previous ASO due to ischemic sinus node
damage after surgery or to fibrosis or interruption of the atrial conduction fibers. Consequently,

chronotropic incompetence is frequent in patients after atrial switch. [43]

On the other hand patients with ccTGA have an abnormal AV conduction tissue: with the presence
of two AV nodes a normal posterior AV node located at the apex of the triangle of Koch with no
AV bundle, and an abnormal right anterior AV node giving rise to the penetrating AV bundle.
Hosseinpour et al hypothesized that the development of an AV bundle from the normal posterior
AV node to the summit of the interventricular septum is anatomically hindered by the atrial and
ventricular septal malalignment. The degree of malalignment is related to the size of the left
ventricular outflow tract and the pulmonary trunk. The authors showed that patients with
congenitally corrected transposition with a normal conduction system are frequently characterized
by the presence of pulmonary atresia or significant pulmonary stenosis because a lower degree of
atrial and ventricular septal malalignment.[44, 45] The risk of complete atrio-ventricular block is

3% per annum. [4]

Tachyarrythmias and sudden cardiac death (SDC)

Intra-atrial reentry tachycardia (IART) is the most frequent tachyarrythmia after ASO and is due
to atrial conduction barriers caused by fibrosis of the native right atrium and to the presence of

suture lines and patches. Often is slower than a typical atrial flutter and may be asymptomatic. The
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recurrence of IART in patients with hypokinetic SRV may be a trigger for malignant ventricular

arrythmias.

The incidence of sudden cardiac death in the entire CHD population is relatively low and has been
estimated to be < 0.1% per year; however tetralogy of Fallot, transposition of the great arteries
with Mustard or Senning baffles, congenitally corrected transposition of the great arteries, left-
sided obstructive lesions, cyanotic Eisenmenger syndrome, and Ebstein’s anomaly have a
significantly higher risk. Therefore, ICD therapy may be reasonable in adults with a SRV ejection
fraction < 35% particularly in the presence of additional risk factors such as complex ventricular
arrhythmias, unexplained syncope, NYHA functional class Il or 11l symptoms, QRS duration >140

msec, or severe systemic AV valve regurgitation. [43]
Progressive tricuspid regurgitation (TR)

Tricuspid regurgitation is frequent in patients with SRV. The mechanism of TR is different
according to the underling cardiopathy. ASO patients frequently have a functional TR due to
tricuspid anulus dilatation whereas patients with ccTGA have an organic TR (Ebstein-type
tricuspid valve). Previous studies showed a poorer outcome in patients with severe TR. [46] The
recent guidelines recommend tricuspid valve replacement for symptomatic adults with CCTGA,
severe TR, and preserved or mildly depressed systemic ventricular function[23] [5]. After atrial
switch tricuspid valve repair or replacement should be taken into account for severe TR without

significant ventricular systolic dysfunction (EF >40%) regardless of symptoms. [5]
Baffle obstruction or leak in ASO patients

The most frequent cause of re-intervention in ASO patients is the systemic baffle obstruction or
leak. Pulmonary baffle obstruction is rare but may cause pulmonary hypertension. [8] The recent
ESC guidelines recommend in symptomatic patients with pulmonary venous atrium obstruction

or leak, surgical repair or, if feasible, catheter intervention.[5]
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INTRODUCTION

Both congenitally corrected transposition of the great arteries (ccTGA) and transposition of the
great arteries (TGA) treated with atrial switch operation (ASO) have a right ventricle that sustains
the systemic circulation (systemic right ventricle, SRV). Adverse events prevalently arrythmias
and heart failure are frequent in this heterogeneous patient population. [37, 38] Severe tricuspid
regurgitation, reduced exercise capacity, chronotropic incompetence and the presence of fibrosis
have been previously described as predictors of a poorer outcome. [19, 20, 28, 46] Moreover, a
reduced exercise tolerance has been described in these population even in asymptomatic patients.
[25-29] The aims of this study were to evaluate long term outcome in patients with systemic right
ventricle, to identify predictors of a poorer outcome, to assess the exercise capacity and the quality

of life.
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MATERIAL AND METHODS

This study was designed as a retrospective analysis of SRV in a referral ACHD center. All patients
with a previous Senning/Mustard operation or ccTGA evaluated in the out-patient clinic for a
routinely clinical follow-up planned between 2014 and September 2020 were enrolled in this
study. All patients performed at least 2 planned visits during the study period. All clinical events

were recorded.

Definitions and outcomes

Patients were evaluated as clinical routine practice with clinical examination, ECG, HOLTER
ECG, echocardiography, cardiopulmonary exercise test (CPET), cardiac MRI. Quality of life was

also assessed.

Adverse clinical events were considered death, heart transplantation, active presence in waiting
list for HT, heart failure requiring hospitalization, stroke, myocardial infarction, arrythmias
requiring hospitalization. During follow-up, survival free from heart transplantation and survival

free from adverse events were evaluated.
ECG

Standard 12-lead ECGs were recorded at 25 mm/s speed, and calibrated to 1 mV/cm. Each
patient’s ECG was analyzed for the presence of arrhythmias, atrioventricular block, bundle branch

block, QRS axis as well as QT interval were calculated.
Echocardiography

Echocardiography studies were performed with the IE33, Affinity 50, Affinity 70 or EPIC Philips
Medical Systems. Subsequent analysis was performed using the Xcelera system (Philips Medical
Systems, Amsterdam, The Netherlands). Strain evaluation were performed using the QLab Philips
Healthcare. All exams were re-evaluated offline by a single expert operator to avoid intra-operator
variability.
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Echocardiography was performed using the European Association of Cardiovascular

Imaging/American Society of Echocardiography guidelines and recommendations. [11] [47]

Right ventricular (RV) evaluation was made performed according to the current guidelines and
dysfunction was defined as TAPSE < 17mm, two-dimensional FAC < 33%, a S’ velocity at DTI
less than 9.5 m/sec and a 3D RV EG less than 45%. Right ventricular dilatation was defined either
as RV diameters, end diastolic/ end systolic area measured in the 4 chambers view > expected
diameters/areas. M-mode measurement of tricuspid annulus plane systolic excursion (TAPSE) was
calculated with the cursor aligned through the tricuspid annulus in the apical four-chamber view.
Pulsed tissue Doppler imaging (TDI) data from mitral annulus were recorded by placing a tissue
Doppler sample volume at the septal and lateral annulus in the apical four-chamber view. Left
ventricular ejection fraction (LVEF) was measured using the biplane Simpson technique
evaluating end diastolic/ end systolic volume. Atrial evaluation included volume, area, and infero-
superior diameter evaluation. For ASO patients the presence of baffle obstruction or leak were
evaluated. TR regurgitation was evaluated prevalently the vena contracta. Moreover, the
coexistence of LVOTO was evaluated routinely. RV GLS was calculated offline using both the 6
segments model and the free RV wall model. Conventionally for sub-pulmonary RV Free RV GLS
> - 20% (< 20% in absolute value) is abnormal. For SRV normal values are lower between -10
and -14.5%. [14, 15] 3D RV was performed for patients who underwent the exam using the EPIC

7 C system. [16]

Cardiopulmonary exercise test (CPET)

All exams were performed on an upright cycle ergometer (Cardioline, Italy) using a continuous

ramp protocol (10 watt/min) until muscular exhaustion with continuous monitoring of expiratory
gas. Oxygen uptake (V02), carbon dioxide production (Vco2), and minute ventilation (VE) were
measured with use of a computerized breath-by-breath analyzer. Peak VVo2/kg (determined by the

highest value of workload), peak heart rate, and percentage of maximal heart rate were also
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measured. The ventilatory anaerobic threshold was calculated by means of the V-slope method.
The ventilatory equivalent for carbon dioxide (VE/Vco02) was calculated as the amount of
ventilation needed to eliminate a given amount of CO2. The respiratory exchange ratio (RER) was
calculated. Chronotropic incompetence was defined using established criteria as an age-adjusted

heart rate reserve < 80% or 62% on beta blocker regimen.

Cardiovascular magnetic resonance (CMR)

CMR was performed using a 1.5-Tesla Magnetic Resonance Unit (Philips Medica System, The
Neaderlands). The presence of late gadolinium enhancement (LGE) was evaluated using a
segmented fast low-angle shot inversion recovery sequence 15 minutes after injection of 0.15
mmol/kg 1V gadolinium — DPTA). A standardized CMR protocol for assessment status post
Mustard/Senning was performed. A short-axis contiguous stack of 7-mm cine images (3-mm gap)

was acquired for quantification of ventricular function and mass using Simpson’s method.
Quality of life assessment

The Short Form-36, derived from the General Health Survey of the Medical Outcomes Study by
Stewart and colleague, is one of the most widely used generic measures of health-related quality
of life and has been shown to discriminate between subjects with different chronic conditions and
between subjects with different severity levels of the same disease. [48] The SF-36 is a generic
multi-item questionnaire comprising of 36 questions on eight domains: physical functioning, role
limitations due to physical health, bodily pain, general health perceptions, vitality, social
functioning, role limitations due to emotional problems, and mental health, with a scores range
from 0 to 100; higher scores representing better quality of life. The results were compared with

those of the Italian population. [49]
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Statistical analysis
The statistical analysis was performed with Statistical Package for Social Science (SPSS) 21.0.

Continuous variables are reported as mean + SD and categorical variables as frequencies and
percentages. Differences between groups were assessed using the 2-tailed Student t test for
continuous variables and by the chi-square test or Fisher exact test for the categorical variables.
Changes in echocardiographic measures from baseline to follow-up were compared using a paired
T-test. The cumulative incidences of clinical events at follow-up were assessed with the Kaplan-
Meier method, and the log-rank test was used for comparison between groups. Cox regression was
performed to identify predictors of mortality or HT. All variables with a p<0.05 were included in

the multivariable analysis. A p value <0.05 was considered statistically significant.
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RESULTS
BASELINE CHARACTERISTICS

Overall, 73 patients with a systemic right ventricle (SRV) were included in this study. The etiology
of SRV was 47% atrial switch (22% previous Mustard operation and 25% previous Senning

operation) and 53% congenitally corrected transposition of the great arteries.

SRV

Mustard; 16;
22%

ccTGA; 39;
53%

Senning
18; 25%

Figure 6: Aetiology of SRV
Mean age at the first evaluation was 29.6 + 14.2 years. 35 patients (47.9%) were female. Overall,
86.3 % of patients were in good clinical status with functional NYHA class I/11 (figure 7) with no

significative differences between groups. However, 14% patients had an advanced NYHA class.

Overall, 50 patients underwent at least one surgical intervention: all patients in the ASO group and
17 patients (43.5%) with ccTGA. Indications to surgery in the ccTGA group were prevalently the
associated lesions: pulmonary outflow obstruction (58.8%), VSD (41.2%), coartation of the aorta
(11.7%), ASD (41%) and severe TR (29.4%). 12 patients (16.4%) underwent a second cardiac

surgery (in the ASO group prevalently for baffle obstruction or leak 3patients or systemic AV
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valve replacement 2 patients) and 4 patients (5.4%) underwent a third cardiac surgery (2 in the

ASO group and 2 in the ccTGA group).

Thirteen patients, 4 with a previous ASO and 9 with ccTGA (37.1% of the female population),
had at least one previous pregnancy (range 1-4). Only in one case the pregnancy followed an IVF
(in vitro fertilization). In 5 cases complications occurred during pregnancy (25%): 2 miscarriage,
2 cases of heart failure (the pregnancy was followed, and the fetus had no complications), and in
one case eclampsia was followed by massive hemorrhage with necessity of hysterectomy (IVF
pregnancy). Moreover, in one case a vertical transmission of ccTGA was evidenced while in

another case a dextrocardia was present in the newborn without associate cardiac defects.

NYHA Class at the first visit
45 ENYHA1 mNYHA? mNYHA3 mNYHA4

39
35
30
26
- 24
20
16
15 13
10 g
5
S 2
0
0
All ASO

Figure 7: NYHA class according to aetiology of the SRV

ccTGA
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ECG

ECG is described in Table 3; 9 patients (12.3%) presented permanent atrial fibrillation while 15
patients (20.5%) had a permanent pacemaker (PM): 9 patients witch a ccTGA (23%) and 6 patients
(17.6%) with ASO. Moreover, 5 patients had an ICD and in one case un upgrading of the PM to

CRT-P was performed. Mean age of PM/ICD implantation was 30 £16 years old.

Table 4: ECG
All (73) ASO (34) CcTGA (39) 9
Normal sinus rhythm, (n, %) 60 (82.2) 27 (79.4) 33 (84.6) 0.83
Atrial fibrillation, (n, %) 9 (12.3) 5 (14.7) (10.2) 0.1
HR, bpm (mean + SD) 71+13 69 + 14 72+12 0.44
PR, msec (mean £ SD) 174 £ 40 172 + 46 175+ 32 0.76
QRS, msec (mean £ SD) 115+ 23 118 £ 21 112 £ 26 0.24
QTc, msec (mean £ SD) 434 + 37 439 £ 41 428 + 37 0.26

ECHOCARDIOGRAPHY

Echocardiography data at the first evaluation are shown in Table 4. Patients presented dilated right
ventricle (RV): overall, end diastolic/systolic area 20.1 + 5.3 cm2/m2 respectively 12.9 +
4.4cm2/m2 significantly more dilated was the SRV of ASO patients. Basal and mid RV diameters
ware also increased while the longitudinal diameter was normal. Overall, systolic function was
normal or slightly impaired: FAC 36.8 £ 10.3%, TAPSE 15.3 £ 3.8mm, S wave DTI 8.7 + 2.3

cm/sec.
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Systemic tricuspid regurgitation (sSTR) was common: 23.3% of patients had moderate sSTR, 17.8%
moderate-to-severe STR and 8.2% of patients had severe sTR. 10 patients had already a mechanical

tricuspid prosthesis (8 patients with ccTGA).

Left atrium was often dilated: volume 39 £ 25ml/m2, area 12.3 £ 4.7cm2/m2 with no difference
between groups. Stenosis at the pulmonary outflow was present in 4 patients. Baffle stenosis was

present in 6 patients.

Table 5: Echocardiography

ALL (73) ASO (34) CCTGA (39) P

RV end diastolic area, cm2 348+11.1 39.5+10.5 30.6 +10.0 <0.001
(mean = SD)

RV end systolic area, cm2 22.2+9 25.8+8.4 19.3+8.6 0.002
(mean £ SD)

RV end diastolic area, cm2/m2 20.1+5.3 21.6 +5.6 18.7 £ 4.6 0.01
(mean + SD)

RV end systolic area, cm2/m2 129+44 141+43 11.8+4.3 0.03
(mean £ SD)

FAC, % (mean £ SD) 36.8+10.3 36.2+4.3 37.4+11.8 0.65
TAPSE, mm (mean £ SD) 15.3+3.8 14.2 +3.8 16.4 + 3.6 0.02
S wave, DTI RV (mean + SD) 8.7%+23 84+21 9.1+23 0.2
RV D1 (mean + SD) 53+ 10 57 +10 50 + 10 0.01
RV D2 (mean * SD) 52 £12 55+ 12 50+ 12 0.14
RV D3 (mean + SD) 79+16 86 +13 73+15 <0.001
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Free wall LS RV (mean + SD)

6 segments RV LS (mean £ SD)

RV volume, strain ml

3D EF %, (mean + SD)

3D RVEDV ml/m2 (mean %

SD)

Tricuspid regurgitation, (n, %)

Tricuspid prosthesis

Left atrial volume, ml/m2

(mean + SD)

Right atrial volume, ml/m2

(mean = SD)

Left atrial area, cm2/m2

LA diameter, mm

RA diameter, mm

LV EDV ml (mean + SD)

LVEF %, (mean = SD)

-121+-51

-10.9+-45

97 £52

51+10

98 + 40

24 (32.8)

17 (23.2)

13 (17.8)

6(8.2)

10 (13.6)

39+25

21+13

12347

56 + 11

47 +12

56 + 28

63+ 10

-10.2 +-3.6

-93+-34

104 £ 57

469

116 + 38

12 (35.2)

9 (28.1)

7 (21.8)

4 (12.5)

2 (6.2)

38+23

18+11

11.3+3.8

57 +10

48 + 11

57 + 29

31

-14.1+15.8

-12.4+-4.8

89 + 45

55+ 10

83 + 36

12 (30.7)

8 (20.5)

6 (18.7)

2 (5.1)

8 (20.5)

40 + 26

24 +13

13.1+51

55+12

45+ 12

55 +27

61 +10

0.002

0.006

0.25

0.026

0.027

0.2

<0.001

0.65

0.06

0.1

0.45

0.33

0.74

0.10



CMR

Cardiac magnetic resonance was available for 52 patients. Overall, as evidenced by
echocardiography also, ASO patients had more dilated SRV with a lower ejection fraction (RV
EF). Left ventricle had normal volumes and EF. Fibrosis was present in 42.3% of cases with no

significant differences between groups.

Table 6 CMR data

CMR ALL (52) AS (28) CCTGA (24) P

EDV RV, ml/m2 (mean £ SD) 117 +£ 40 127 + 46 106 +30 0.07
ESV RV, ml/m2 (mean = SD) 62+ 34 72+39 50+24 0.02
RV EF, % (mean + SD) (mean + SD) 49 12 47 +11 53+ 12 0.06
EDD LV, ml/m2 (mean = SD) 76 27 74 £ 26 78 £29 0.56
ESD LV, ml/m2 (mean + SD) 32+19 30+ 16 34 + 23 0.43
LV EF, % (mean + SD) 60 12 61+9 59+ 15 0.53
RVMass, g/m2 (mean = SD) 41+ 17 40+ 20 43+ 14 0.55
LGE, % (n, %) 22 (42.3) 14 (50) 8(33.3) 0.14
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CPET

Cardiopulmonary exercise test was available for 57 patients. Overall, a moderate impairment of

exercise capacity was evidenced peak VO2 24.5 + 9.4 ml/kg/min 67 + 20 % of the predicted value. with

a significantly lower performance for the patients with a previous atrial switch. Moreover, patients

with ASO have an evident cardiogenic limitation to exercise: lower O2 pulse, higher VE/VCO2.

Table 7 CPET data

CPET

Age, mean £ SD

Baseline HR, mean + SD

Chronotropic index, mean + SD

Peak SBP, mean + SD

Watts, mean + SD

Peak VO2 (ml/kg/min), mean %

SD

Percentage predicted VO2, mean £

SD

Peak HR, mean + SD

RER, mean £ SD

VAT (ml/kg/min), mean £ SD

VE/VCO?2 slope, mean + SD

Overall (57)

33+11

70+ 15

74+21

143 £ 23

122 + 41

245+94

67 + 20

148 + 25

1.2+£0.1

17.7+6.8

34+8

33

AS (34)

35+7

65 + 16

72+24

144 + 23

122 +38

222+7.2

61 + 16

142 + 38

1.2+0.09

15.7+4.38

37+8

ccTGA (39)

30+ 16

75+ 14

78 £ 17

140 £ 23

121 £ 45

27.2+11

75+21

152 + 26

1.2+0.1

20.3+8.1

31+6

P

0.1

0.02

0.5

0.49

0.93

0.04

0.007

0.25

0.6

0.02

0.02



02 pulse (VO2/FC) mean + SD 11.6+35 111+3.1 122+39 0.3

02 pulse (% predicted) mean + SD 87 + 27 76+ 24 101 + 23 0.001

QUALITY OF LIFE
Quality of life, evaluated with the SF 36 test, was similar between groups and was similar to the

QOL of the Italian population. Eight domains were evaluated and the results were: physical
functioning (PF) 83.8 £ 19.8; role physical (RP) 89.2 £ 29.9; bodily pain (BP) 90.3 £ 21.1, general
health (GH) 67.8 + 22, vitality (VT) 74 + 16, social functioning (SF) 86.2 + 17.8, role emotional

(RE) 92.3 £ 25.5, mental health (MH) 78.7 % 15.9.

SF36 QUALITY OF LIFE
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uPF 90 90 90 95
uRP 100 100 100 100
mBP 100 100 100 84

GH 70 80 70 70
LAVA) 75 75 75 65
uSF 100 87,5 93,75 87,5
mRE 100 100 100 100
= MH 80 80 80 68

Figure 8: Quality of life of SRV patients compared with the Italian population
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FOLLOW-UP

Mean follow-up was 6.4 + 1 years. Mean age at follow-up was 36 * 14 years.

Overall, one and 5-year survival free from heart transplantation was 97.4 + 2.6 % and 92 + 4.4 %
respectively (Figure 9). Survival rate was not statistically different between groups (p 0.09). Two
patients died during follow up: a 35-year old man with ccTGA, VSD, ASD, pulmonary outflow
stenosis and coarctation of the aorta previously treated de-coarctation and subsequently VSD, ASD
closure, treatment of sub-pulmonary stenosis in tricuspid valve replacement with a mechanical
prosthesis Carbomedics 25mm. The patient had a PM for complete AV block and a permanent
atypical atrial flutter; he presented a severe dilatation and dysfunction of the SRV. He was admitted
for end stage heart failure complicated by ventricular arrythmias and underwent ventricular
assistance device implantation (VAD) during hospitalization as bridge to transplantation but died
because of multiorgan failure one month after the VAD implantation. The second patient was a
51-year-old woman with end stage HF affected by ccTGA and a tricuspid mechanical prosthesis
with a severe SRV dysfunction, severe pulmonary hypertension and a severe restrictive pulmonary

disease not eligible for HT.

Moreover, a 52-year patient underwent heart transplantation during follow-up. He had a ccTGA

with a severe SRV dysfunction.

Funzioni di sopravvivenza
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Figure 9: Survival free from HT
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Composite endpoint was defined as survival free from heart transplantation, end stage heart failure
in patients in waiting list for heart transplantation, heart failure, arrythmia requiring hospitalisation
or MACEs.

Survival free from adverse events was 98.6% at one year and 95.8% at 5-year follow-up without

difference between the two groups.

Funzione di sopravvivenza

Survival free from adverse events

T T T T T T T
00 10 20 30 40 50 60
Follow-up (years)

Figure 10: Survival free from adverse events

The most common adverse event during follow-up was the presence of arrhythmia requiring
hospitalisation (18 patients = 24.6%) followed by signs of heart failure requiring hospitalisation (11
= 15%) one patient had a stroke during follow-up due to a non-optimal adherence to anticoagulation
therapy (a 55 years old woman with a ccTGA and a mechanical tricuspid valve with a low INR
value 1.7).

Arrythmia presented during follow-up were: 41% atrial fibrillation, 39% atypical atrial flutter and

20% IART. Moreover, 3 patients underwent transcatheter ablation for atypical atrial flutter.

Considering the entire medical history of patient’s survival free from adverse events was assessed
every ten years and was: 97.2% at 10 years, 94.1% at 20 years, 90.9% at 30 years, 69.4% at 40 years

and 41.2% at 50 years with no differences between groups. (figure 11)
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Figure 11: Survival free from adverse events considering the entire period of follow-up not just the study period

Second echocardiography evaluation:

There was no statistically significant variation between the first and the second echography evaluation
except for an increasing in left atrial volume. End diastolic/ systolic RV area 19.6 + 5.6 cm2/m2
respectively 12.6 £ 5.6 cm2/m2; FAC 37.7 + 10%, TAPSE 15 + 4mm, S wave DTI 8.6 + 2.1cm/sec.
Free wall/ 6 segments GLS was -12.9 + - 5.2% and respectively -11.9 + -4.7%. 27.1% of patients had
moderate-to-severe or severe STR. The pressure in the sub-pulmonary LV was 33 £18mmHg. An

increasing left atrium volume was noticed: volume 43 + 27ml/m2, area 12.8 £ 9.5 cm2/m2.

NYHA class valuation at the last clinical evaluation did not evidenced significant differences

comparing with the first evaluation.
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Figure 12: NYHA class variation between the first and the last evaluation

Medical therapy was registered. Almost one third of patients received diuretics, more than 40%
received beta-blockers or ACE-1/ARBs.27.1% of patients received oral anticoagulation therapy

prevalently warfarin even if in 3 patients a new oral anticoagulant therapy was preferred.

Drugs
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Figure 13: Drugs implementation at the last follow-up (% of alive patients)
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PREDICTORS OF OUTCOME
A univariate analysis was performed in order to identify the predictors of poorer outcome and that
includes a higher NYHA class, a more dilated and dysfunctional SRV, a higher degree of TR a

lower exercise capacity and the presence of fibrosis documented at CMR.

Table 8 Univariate analysis

HR 95% ClI p
NYHA class 2.8 1.8-4.7 <0.0001
EDA RSV (cm?) 1.1 1.0-1.2 0.07
ESA RSV (cm?) 1.1 1.0-1.2 0.02
FAC (%) 0.9 0.8-0.96 <0.001
TAPSE (cm) 0.86 0.7-0.99 0.01
S' (cm/sec) 0.7 0.6-0.9 0.01
TR>2 3.2 1.2-9.1 0.02
RV DI (cm) 1.7 1.1-2.7 0.001
RV DII (cm) 1.9 1.3-2.7 0.001
GLS 2D SRV strain free wall 0.89 0.8-0.98 0.01
GLS 2D SRV strain 6 segments 0.87 0.78 -0.98 0.01
Left atrium volume ml/m2 1.03 1.01-1.05 <0.001
Right atrium volume ml/m2 1.03 1.0-1.06 0.008
QRS (ms) 1.04 1.02-1.06 <0.001
% VO2 teor 0.96 0.93-0.99 0.05
EDV SRVi (ml/m?) 1.02 1.01-1.03 <0.001
ESV SRVi (ml/m?) 1.02 1.01-1.03 <0.001
FE SRV (%) 0.9 0.8-0.99 0.008
LGE 12 2.6-59 0.009
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DISCUSSION

Congenital heart diseases with a systemic right ventricle are a challenging situation for clinicians
and need a multidisciplinary approach and a systematic follow-up to guarantee an optimal
management. Clinical evaluation should assess the NYHA class, the physiological state, as well as
the coexistence of signs of heart failure, persistent or paroxysmal arrythmias or other symptoms

such as syncope, angina palpitation.

In the last decades the treatment of heart failure associated with acquired cardiac disease changed
dramatically with a considerable improvement of survival and quality of life. [50] However, very

few studies were conducted in ACHD patients with SRV and the results are contrasting.

Our study confirms a high incidence of adverse events during follow up. The most common are
supraventricular arrythmias requiring hospitalisation (27.1%) supporting data presented in
previous studies by Cuypers et al (28%). [8] Almost one third of patients received oral
anticoagulant therapy (OAC); the main indications were mechanical prosthesis or atrial
arrhythmias. However, non-vitamin K antagonist oral anticoagulants (NOACSs) were used in a
relatively low percentage of patients. Further studies or trials are needed to verify long-term safety

and efficacy of NOACs in these patients.

The second cause of hospitalisation was the worsening of heart failure (12.3%) similar with the data
presented by Cuypers, where 14% of developed heart failure the last decade of follow-up. [8]
Optimization of the medical therapy is crucial in these patients, but it needs evidenced based trials
therefor it will be interesting thinking at trials using dapagliflozin such as DAPA-HF [51, 52] or

sacubitril/valsartan as Paradigm-HF trial [53].

The young adults should be empowered concerning their clinical condition and therapeutic/follow-

up strategies should be shared with patients to achieve a better compliance. Clinical evaluation
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should be performed every year or more frequently if necessary. View the frequency of arrhythmic
events a regular follow-up with HOLTER ECG should be performed and, in selected cases, longer

monitoring could be considered.

Echocardiographic evaluation is crucial and should be performed as the clinical evaluation every
year; together with the standard evaluation including RV diameters, areas, and systolic function
(TAPSE, S wave DTI RV, FAC%) the longitudinal evaluation should be routinely performed.
CMR should be preferred because it characterise better the myocardium allowing the study and
quantification of fibrosis and it avoids radiations. Alternatively, cardiovascular computed

tomography can be performed in claustrophobic patients or with contraindications to MRI.

A progressive dilatation of the right ventricle was observed, with documented myocardial fibrosis
in 42% of patients. In previous studies extended fibrosis was documented at the autoptic heart
examination. [21] Moreover, Rydman et al evidenced that LGE was present in half of patients and
was associated with poorer outcome as proved in our analyses LGE had an important predictive
value HR 12, 95% CI 2.6-59, p 0.009. [20] As demonstrated by Giardini et al the fibrosis is
associated with older age; in our study mean age of patients with LGE was 34 years while the

mean age of patients without evidence of LGE was 27 years. [19]

In our study RV dimensions and function independently if evaluated with echocardiography or
CMR were strongly associated with poorer outcome. Even if RV systolic function might be
difficult to evaluate at 2D echocardiography in these patients with previous surgical intervention,
non-exceptional dextrocardia or mesocardiac, we think, considering the prognostic value, that it
should be routinely assessed during outpatient clinic evaluation and change should be promptly
confirmed by a CMR or cardiac tomography when CMR is not feasible. Different cut-off values
have been proposed for the evaluation of SRV. [17] Moreover, an impairment in longitudinal
function of the SVR is observed even in the presence of normal systolic function FAC, TAPSE, S

DTI ant it correlates with a poorer outcome with no significant difference if a 6 segments or the
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free wall GLS is used: GLS 2D SRV strain free wall HR 0.89, 95% CI1 0.8- 0.98, p 0.01; GLS 2D
SRV strain 6 segments HR 0.87, 95%CI1 0.78 —0.98, p 0.01; this data are similar to previous studies
Kalegeropoulos et al. assessed that a SRV GLS < - 10% was associated with poorer outcome [14]
while Diller et al established with a sensibility of 72% and a specificity of 63% that GLS lower
than -13.3% identify higher risk of MACEs. Probably, the longitudinal evaluation is able to
identify earlier the changes in myofiber organization in the SRV. The myofiber disorganization is

an anatomic substrate for heart failure and arrhythmias.[54]

Moreover, the presence of moderate to severe or severe tricuspid regurgitation, previously
described as associated with a higher incidence of adverse events especially in ccCTGA patients
[46], was an important predictor of outcome HR 3.2 95%CI 1.2-9.1, p = 0.02. The current
guidelines suggest tricuspid valve replacement for severe TR in symptomatic adults with preserved
or mildly depressed systemic ventricular function (ccTGA) and regardless symptoms in ASO

patients without significant ventricular systolic dysfunction (EF >40%). [23] [5].

Exercise tolerance should be assessed every 24/36 month according to the clinical status; the
evidence of worsening of the exercise capacity with an evidence of cardiogenic limitation: lower
02 pulse, higher VE/VCO2 corroborate by the clinical condition could indicate an invasive
evaluation with cardiac catheterization. Advanced imaging evaluation should be regularly
performed every 3-5 years in stable patients and eventually every other year or less in patients with

complications.

Exercise capacity in patients with SRV is reduced with a peak VO2 24.5 + 9.4ml/kg/min (67£20%
of the predicted value) similar to previous published data: VO2 27.14 + 4.3 ml/kg/min [25] VO2
28.6 £ 8.3 ml/kg/min for ASO patients and 25.6 £ 7.1 ml/kg/min for ccTGA patients [28] 21.5 +
5.8 ml/kg/min (57 + 14% of the predicted value)[26], 23.3 = 6.9 ml/kg/min (68 + 16.6% of the
predicted value)[27] 27 + 7 ml/kg/min[29]. The chronotropic incompetence, frequent in this

category of patients [26], was associated with a poorer outcome [28].
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Moreover, pregnancy should be discussed and supported by a multidisciplinary ACHD team
involving cardiologists, gynaecologists, obstetricians, cardiac surgeons, radiologists, and
psychologists. An interesting data of our study is the high number of pregnancies that was
relatively well tolerated with no maternal deaths with a complication rate of 25% prevalently HF,
no sustained arrhythmia was evidenced in our population. A case of vertical transmission of
ccTGA was evidenced. Our data confirm data described previously. [33] [34] [36] Given the risk
of an irreversible decline in RV function during pregnancy we suggest an exhaustive

multidisciplinary counselling in fertile women searching a pregnancy. [35]

ACHD patients experience a chronic disease therefor the quality of life is important in these cohort
of patients; every therapeutical change should evaluate the clinical benefit and the Qol and we
believe that this aspect should be considered as a protagonist of the multidisciplinary management.
For disease related-Qol evaluation in patients with acquired heart diseases, different questionnaires
are available such as Minnesota living with heart failure questionnaire (MLHFQ) or the Kansas
City Cardiomyopathy Questionnaire (KCCQ). The Qol evaluation in ACHD does not have a
typical questionnaire and we choose for our study a well-known generic instrument, the SF -36,
because it has been used in the ACHD patients and it has been validated for the Italian population.
Contrary to the expectation the health-related quality of life of these patients was similar to the
QOL of the Italian population. These was explained generally for ACHD population by a stronger
sense of coherence. [31, 32] General Qol, defined by the World Health Organization as
individual’s perception of their position in life in the context of the culture and value systems in
which they live and in relation to their goals, expectations, standards, and concerns, should also

be evaluated.
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CONCLUSIONS

Long term follow-up of patients with systemic right ventricle is characterized by a good survival
though with a high incidence of clinical events, prevalently arrhythmias and heart failure which
cause most of the unscheduled hospitalisations.

Despite a lower exercise tolerance, relatively high incidence of clinical events ACHD patients with
SRV have a quality of life similar to the general population probably due to a stronger sense of

coherence.
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