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ABSTRACT
Objective  Pharmacological options for patients with 
a failing systemic right ventricle (RV) in the context of 
transposition of the great arteries (TGA) after atrial 
switch or congenitally corrected TGA (ccTGA) are not 
well defined. This study aims to investigate the feasibility 
and effects of sacubitril/valsartan treatment in a single-
centre cohort of patients.
Methods  Data on all consecutive adult patients 
(n=20, mean age 46 years, 50% women) with a failing 
systemic RV in a biventricular circulation treated with 
sacubitril/valsartan in our centre are reported. Patients 
with a systemic RV ejection fraction of ≤35% who 
were symptomatic despite treatment with β-blocker 
and ACE-inhibitor/angiotensin II receptor-blockers were 
started on sacubitril/valsartan. This cohort underwent 
structural follow-up including echocardiography, exercise 
testing, laboratory investigations and quality of life (QOL) 
assessment.
Results  Six-month follow-up data were available in 
18 out of 20 patients, including 12 (67%) patients 
with TGA after atrial switch and 6 (33%) patients 
with ccTGA. N-terminal pro-B-type natriuretic peptide 
(NT-pro-BNP) decreased significantly (950–358 ng/L, 
p<0.001). Echocardiographic systemic RV fractional 
area change and global longitudinal strain showed 
small improvements (19%–22%, p<0.001 and −11% 
to −13%, p=0.014, respectively). The 6 min walking 
distance improved significantly from an average of 564 
to 600 m (p=0.011). The QOL domains of cognitive 
function, sleep and vitality improved (p=0.015, p=0.007 
and p=0.037, respectively).
Conclusions  We describe the first patient cohort with 
systemic RV failure treated with sacubitril/valsartan. 
Treatment appears feasible with improvements in NT-
pro-BNP and echocardiographic function. Our positive 
results show the potential of sacubitril/valsartan for this 
patient population.

INTRODUCTION
Patients with transposition of the great arteries 
(TGA) who underwent an atrial switch procedure 
according to Mustard or Senning constitute an 
important group within the clinical setting of adult 
patients with congenital heart disease. Together 
with patients with congenitally corrected transpo-
sition of the great arteries (ccTGA), they represent 
a cohort of patients with a systemic right ventricle 
(RV)—a situation in which the morphological RV 

is in subaortic position and sustains the systemic 
circulation. Although mid-term survival in this 
group is good, failure of the systemic RV is, in the 
long term, inevitable.1 2 Furthermore, tricuspid 
valve regurgitation (TR), conduction abnormalities, 
arrhythmias and myocardial perfusion defects are 
frequently encountered and complicate the course 
of heart failure in these patients.1 2

Compared with treatment of systolic heart failure 
in patients with a systemic left ventricle (LV), phar-
macological options in patients with a systemic 
RV are currently less well defined. Data regarding 
effectiveness of drug therapy in the latter group 
are scarce and extrapolation from the guidelines 
and recommendations on LV failure is inappro-
priate due to specific anatomic and haemodynamic 
characteristics of the systemic RV. Although beta-
blockers provide beneficial effects at higher doses, 
this may result in clinically important bradycardia 
in the atrioventricular conduction abnormalities 
prone patients with ccTGA.3 Beta-blockers and 
ACE inhibitors (ACEi)/angiotensin II-receptor 
blockers (ARB) are prescribed based on carefully 
optimistic results from several, mostly small, trials 
and retrospective studies.4–9

The largest trial regarding medical treatment 
of the failing systemic RV investigated the effects 
of valsartan in 88 patients with congenitally or 
by an atrial switch corrected TGA.9 In symptom-
atic patients in the placebo group, the RV ejection 
fraction deteriorated significantly, whereas in the 
valsartan group, the ejection fraction remained 
stable over 3 years of follow-up. Longer follow-up 
of this cohort showed fewer events in symptomatic 
patients in the valsartan group,10 suggesting that 
adequate medical therapy can impact the long-term 
outcomes in patients with systemic RV failure.

The treatment of symptomatic systolic LV heart 
failure has improved since the introduction of the 
combination drug sacubitril/valsartan, resulting 
in positive effects in clinical outcomes as well 
as in beneficial structural and functional cardiac 
changes.11 The combination of sacubitril and 
valsartan was superior to enalapril in reducing the 
risk of death and hospitalisation for systolic heart 
failure of patients with acquired heart disease, all 
with a systemic LV.11

Neurohormonal activation has been shown to be 
related to symptom severity and systemic ventric-
ular dysfunction in patients with congenital heart 
disease.12
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In patients with a systemic RV, the N-terminal pro-B-type 
natriuretic peptide (NT-pro-BNP) levels have a predictive value 
in clinical end points, including mortality.13 14 Furthermore, 
brain natriuretic peptide (BNP) has been shown to correlate 
with systemic RV dysfunction.15 Sacubitril is a neprilysin inhib-
itor. Neprilysin, a neutral endopeptidase, degrades several 
endogenous vasoactive peptides, including natriuretic peptides 
and bradykinin, but not NT-pro-BNP. Inhibition of nepri-
lysin increases the levels of these substances, countering the 
neurohormonal overactivation that leads to vasoconstriction, 
sodium retention and maladaptive remodelling in heart failure. 
Although BNP and NT-pro-BNP have both been proven to be 
useful biomarkers, the levels of BNP often fluctuate during 
heart failure therapy (attributable to inhibition of neprilysin), 
whereas decrease in NT-pro-BNP levels has been correlated with 
improvements in heart failure condition. This could lead to clin-
ical confusion and the use of NT-pro-BNP has been preferred 
and recommended.11 16–18

Sacubitril/valsartan treatment is currently indicated in all 
symptomatic patients with heart failure with an ejection frac-
tion ≤35% already treated with a β-blocker and an ACEi or 
ARB.19 However, no studies are yet available evaluating the 
effects of sacubitril/valsartan on heart failure in the systemic RV 
population. The current study aims to investigate the feasibility 
and effects of sacubitril/valsartan treatment in this group of 
patients in a single-centre cohort.

METHODS
Design and inclusion/exclusion criteria
In this single-centre (Leiden University Medical Center) cohort 
study, data of all consecutive adult patients with a failing systemic 
RV in a biventricular circulation treated with sacubitril/valsartan 
are reported. In 2018, all adult patients with systemic RV heart 

failure (n=67) were screened for eligibility for treatment with 
sacubitril/valsartan. Those who had an (estimated) systemic RV 
ejection fraction of ≤35% (defined as a moderately to severely 
reduced systemic RV function on echocardiography and/or MRI) 
and remained symptomatic despite treatment with highest toler-
ated doses of a β-blocker and an ACEi or ARB for a period of 
at least 3 months were advised to start treatment with sacubitril/
valsartan.11 Symptoms were assessed based on the history and 
complaints as reported at the outpatient clinic (including the 
patients’ performance during work and sport activities) and/or 
heart failure related admissions or ambulant medication adjust-
ments (increasing diuretic dose to remain euvolemic). Patients 
with a ventricular assist device (VAD or awaiting the implanta-
tion of a VAD) or severe renal function impairment (estimated 
glomerular filtration rate (eGFR) <30 mL/min/1.73 m2) were 
excluded.

Treatment and follow-up
Before the initiation of sacubitril/valsartan treatment, the 
following investigations were performed as part of routine 
clinical care: echocardiography, bicycle exercise test with 
VO2max, a 6 min walking test (MWT), laboratory investigation 
including haemoglobin levels, kidney function, electrolytes and 
NT-pro-BNP and a quality of life (QOL) assessment. QOL was 
assessed with the Netherlands Organisation for applied scientific 
research/Academic Hospital Leiden adult Quality Of Life ques-
tionnaire (TAAQOL), which has been used previously to assess 
health-related QOL in adults with congenital heart disease.20 It 
includes 45 questions and evaluates 12 different components of 
health-related QOL.

Figure  1 shows the treatment protocol. Depending on the 
previously used dose of ACEi or ARB, the starting dose of sacu-
bitril/valsartan was chosen: if patients were using at least 80 mg 

Figure 1  Treatment and follow-up protocol. *Depending on previous dose of ACEi/ARB. †If potassium >5.5 mmol/L, increase in creatinine >310 
μmol/L (or eGFR <20 mL/min/1.73 m2), hypotension or signs of decompensation. ACEi, ACE inhibitors; ARB, angiotensin II-receptor blockers.
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of valsartan two times a day or an equivalent dose (perindopril 
4 mg one time a day, lisinopril 20 mg one time a day, enalapril 
20 mg one time a day, losartan 100 mg one time a day, irbesartan 
300 mg one time a day, telmisartan 20 mg one time a day or 
candesartan 32 mg one time a day), the starting dose of sacubitril/
valsartan was 49/51 mg two times a day. If the previous dose of 
ACEi/ARB was less than (the equivalent of) valsartan 80 mg two 
times a day, the starting dose of sacubitril/valsartan was 24/26 mg 
two times a day.19 Patients were instructed to wait 36 hours after 
taking the last dose of ACEi prior to initiating treatment with 
sacubitril/valsartan to reduce the risk of angioedema.11 19

After 2–4 weeks of treatment with the starting dose, blood 
pressure, weight, kidney function and complaints were evalu-
ated. If the medication was well tolerated, the dose of sacubitril/
valsartan was increased in a stepwise fashion until the highest 
tolerated dose was reached. Potassium increase to >5.5 mmol/L 
and/or an increase in creatinine >221μmol/L (or eGFR <30 mL/
min/1.73m2) was followed by a step down in the dose and 
follow-up after 2–4 weeks. In the case of potassium increase 
>6 mmol/L and/or an increase in creatinine >310 μmol/L (or 
eGFR <20 mL/min/1.73 m2), the medication was stopped. 
Symptomatic hypotension and/or signs of decompensation were 
also followed by a stepdown or termination of treatment.

After 3 months of treatment with the optimal tolerated dose, 
blood pressure, weight, adverse events and laboratory investiga-
tions (including haemoglobin levels, kidney function, electrolytes 
and NT-pro-BNP) were repeated. After 6 months, echocardiog-
raphy, bicycle exercise test with VO2max, a 6-MWT and labo-
ratory investigations were re-evaluated, combined with physical 
examination and the TAAQOL questionnaire.

The serial echocardiograms were performed with commer-
cially available ultrasound systems and were analysed offline in 
EchoPAC, GE Medical Systems. The echocardiographic param-
eters were assessed and measured offline by two cardiologists 
with expertise in congenital imaging blinded to the study (all 
echocardiograms were performed as standard of care and clin-
ical follow-up at our centre).

Ethics statement
All tests and procedures performed involving human participants 
were in accordance with the ethical standards of the institutional 
and/or national research committee and with the 2013 Helsinki 
declaration or comparable ethical standards. Appropriate local 
scientific board approval was obtained and the need for written 
informed consent was waived by the institutional medical ethical 
board. All patients provided consent for registration of their data 
and publication.

Patient and public involvement
Patients were informed about the research process and the 
background knowledge at initiation of treatment. The research 
questions and outcome measures were developed in consensus 
between the researchers and the treating cardiologists of this 
patient group (based on their extensive clinical experience). All 
the tests and procedures described were part of optimal patient 
care. The study results will be disseminated through national and 
local patient information websites.

Statistical analysis
All statistical analyses were performed in IBM SPSS V.23. 
Normally distributed continuous data are displayed as mean±SD 
and non-normally distributed continuous data are displayed 
as median (IQR). Proportions are displayed as numbers 

(percentages). For the comparison of values over time, paired 
samples t-tests or Wilcoxon rank tests were used as appropriate. 
A value of p<0.05 was considered to be statistically significant.

RESULTS
Baseline clinical characteristics and sacubitril/valsartan 
initiation
Between January and August 2019, 20 consecutive patients with 
systemic RV failure who fulfilled the inclusion criteria initiated 
treatment with sacubitril/valsartan (online supplemental table 
1). Mean age was 46±11 years, and 50% were women. In one 
patient (patient 7), sacubitril/valsartan treatment was discon-
tinued due to uncontrollable thirst with subsequent ample fluid 
intake and admission with cardiac decompensation. Another 
patient who was in end-stage heart failure at baseline (patient 8) 
declined screening for a VAD and died of progressive cardiogenic 
shock despite initiating treatment with sacubitril/valsartan. The 
18 remaining patients were further analysed. Twelve patients 
(67%) had TGA corrected with the Mustard or Senning atrial 
switch procedure, and six patients (33%) had ccTGA.

The target dose of 97/103 mg sacubitril/valsartan two times 
a day was reached in 12 (67%) patients. Four patients (22%) 
had a maximum tolerated dose of 49/51 mg two times a day and 
two patients (11%) had a maximum tolerated dose of 24/26 mg 
two times a day. The reason to not further increase the dosage 
was symptomatic hypotension in all cases. None of the patients 
developed clinically relevant hyperkalaemia or significant dete-
rioration of the renal function.

Follow-up after six months of treatment
Laboratory results
There was a significant decrease in NT-pro-BNP after 6 months 
of sacubitril/valsartan use (median 950–358 ng/L, p<0.001, 
table  1). Relative reduction of NT-pro-BNP per patient is 
(percentage from baseline levels) shown in figure 2. Overall, the 
median reduction in NT-pro-BNP was 45% (IQR 26–60) of the 
value at treatment initiation. In two patients (patient 15 and 19), 
there was an increase in NT-pro-BNP.

There was a significant increase in both haematocrit and mean 
corpuscular volume (MCV), and a significant decrease in alanine 
transaminase (ALAT) levels. There was a statistically significant, 
but clinically irrelevant, increase in potassium and the eGFR did 
not change significantly (table 1).

Echocardiography
There was an improvement in echocardiographic systemic RV 
function as accessed by the fractional area change (p<0.001) 
and in echocardiographic RV global longitudinal strain values 
(p=0.014) (table 2). The global assessment of RV function using 
eye balling technique, the RV end diastolic diameter and severity 
of tricuspid regurgitation did not change significantly following 
6 months of treatment. The function of the subpulmonary LV 
remained stable.

Clinical characteristics
The 6 min walking distance slightly increased from a mean of 
564–600 m (p=0.011). The NYHA functional class, blood pres-
sure, weight and maximal exercise capacity as assessed with 
exercise testing remained stable and none of the patients showed 
clinical deterioration during the study period (table 2).

Quality of life
Sixteen patients completed the TAAQOL questionnaire at both 
time points (response rate 89%). The results are shown in table 3. 
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Higher scores (maximum 100) indicate higher QOL. After 6 
months of treatment with sacubitril/valsartan, QOL regarding 
cognitive function, sleep and vitality domains improved signifi-
cantly (p=0.015, p=0.007 and p=0.037, respectively, table 3). 
In the other domains, there were no significant changes.

DISCUSSION
In this study, the tolerability and the effects of sacubitril/valsartan 
treatment in a single-centre cohort of adult patients with systemic 
RV failure were evaluated. Six months of treatment resulted in (1) 
a significant reduction in NT-pro-BNP levels (2) a subtle improve-
ment in systemic RV function as assessed by echocardiography and 

Table 1  Changes in the laboratory values 6 months after initiation of 
sacubitril/valsartan treatment, n=18

Laboratory values

Mean±SD or 
median (IQR)
Baseline

Mean±SD or 
median (IQR)
6 months P value

Hb (mmol/L) 8.7±0.9 8.9±0.9 0.083

Ht (L/L) 0.42±0.04 0.43±0.04 0.004*

MCV (fL) 89±5 91±3 0.006*

MCH (fmol) 1.84±0.12 1.86±0.07 0.251

RDW (%) 13.0±1.2 12.9±1.1 0.252

Sodium (mmol/L) 140±2 141±2 0.182

Potassium (mmol/L) 4.3±0.4 4.5±0.3 0.011*

Creatinine (μmol/L) 86±18 89±14 0.095

eGFR (mL/min/1.73 m2) 85±20 80±21 0.087

BUN (mmol/L) 6.5 (5.5–6.8) 6.3 (4.9–7.5) 0.649

ASAT (U/L) 31±13 29±13 0.162

ALAT (U/L) 30±11 26±12 0.013*

Gamma GT (U/L) 39 (26–82) 43 (27–62) 0.767

Total bilirubin (μmol/L) 11.5 (7.8–18.3) 10 (8.0–17.0) 0.550

CK (U/L) 93±40 105±58 0.328

Troponin T (ng/L) 11.0 (5.3–16.8) 7.5 (6.0–11.3) 0.109

NT-pro-BNP (ng/L) 950 (364–1235) 358 (233–639) <0.001*

*Statistically significant.
ALAT, alanine transaminase; ASAT, aspartase aminotransferase; BUN, blood 
urea nitrogen; Gamma GT, gamma glutamyltransferase; Hb, haemoglobin; Ht, 
haematocrit; MCH, mean corpuscular haemoglobin; MCV, mean corpuscular 
volume; NT-pro-BNP, N-terminal pro–B-type natriuretic peptide; RDW, red blood cell 
distribution width.;

Figure 2  (A) Percentage of change in NT-pro-BNP at 6 months 
compared with the levels of individual patients at baseline. (B) 
Absolute NT-pro-BNP levels at baseline and 6 months, showing median 
(horizontal line) with IQR (box), lower and upper extreme (whiskers) 
and outliers (values represented with ● and ■). NT-pro-BNP, N-terminal 
pro-B-type natriuretic peptide.

Table 2  Changes in physical examination, echocardiography and 
functional status 6 months after initiation of sacubitril/valsartan 
treatment, n=18

Variable
Mean±SD
Baseline

Mean±SD
6 months P value

General

NYHA class (n, %) 0.112

 � II 13 (72%) 15 (83%)

 � III–IV 5 (28%) 3 (17%)

Systolic blood pressure (mm Hg) 106±10 106±14 0.960

Weight (kg) 80±18 79±18 0.187

6 min walking distance (m) 564±104 600±72 0.011*

Echocardiography:

Global RV function, (n, %) 0.157

 � Mildly reduced 4 (22%) 5 (28%)

 � Moderately reduced 10 (56%) 10 (56%)

 � Severely reduced 4 (22%) 3 (16%)

TAPSE (mm) 12±2 11±2 0.211

RV FAC (%) 19±7 22±7 <0.001*

RV GLS (%) −11±3 −13±2 0.014*

RVEDD (mm) 59±9 58±8 0.067

Tricuspid valve regurgitation (n, %) 1.000

 � Grade I–II 15 (88%) 15 (88%)

 � Grade III–IV 2 (12%) 2 (12%)

LV GLS (%) −16±4 −18±5 0.110

MAPSE (mm) 18±5 18±3 0.663

Exercise testing

Exercise capacity (W) 129±50 132±47 0.402

Exercise capacity (%) 79±17 81±17 0.575

VO2max (ml/min/kg) 18±5 18±4 0.886

% of predicted VO2max achieved 59±15 58±13 0.746

% of predicted heart rate achieved 77±13 78±14 0.717

Heart rate reserve (bpm) 66±24 65±26 0.795

RER 1.20±0.09 1.17±0.07 0.367

*Statistically significant.
bpm, beats per minute; FAC, fractional area change; GLS, global longitudinal strain; 
LV, (subpulmonary) left ventricle; MAPSE, mitral annular plane systolic excursion; 
NYHA, New York Heart Association functional classification; RER, respiratory 
exchange ratio; RV, (systemic) right ventricle; RVEDD, (systemic) right ventricular 
end diastolic diameter (basal measurement); ; TAPSE, tricuspid annular plane 
systolic excursion.

Table 3  Quality of life as assessed with the TAAQOL questionnaire, 
n=16

Scales

Mean±SD or 
median (IQR)
Baseline

Mean±SD or 
median (IQR)
6 months P value

Cognitive function 72 (38–98) 91 (70–100) 0.015*

Sleep 50 (38–86) 88 (36–100) 0.007*

Pain 75 (41–100) 78 (63–100) 0.152

Social functioning 97 (88–100) 100 (78–100) 1.000

Daily activities 72 (34–98) 84 (64–98) 0.395

Sexuality 100 (25–100) 100 (47–100) 0.344

Vitality 49±32 64±27 0.037*

Positive emotions 68±28 71±23 0.657

Depressive emotions 75±25 75±20 0.942

Aggressive emotions 100 (81–100) 100 (81–100) 0.673
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(3) improvement in the 6 min walking distance and health-related 
QOL, without high rates of treatment discontinuation, symptomatic 
hypotension, hyperkalaemia or renal function decline.

This is the first cohort of patients with systemic RV heart 
failure treated with sacubitril/valsartan. As opposed to the recent 
work of Maurer et al, our findings show that this specific group 
of patients can indeed benefit from treatment with sacubitril/
valsartan.21 Previous studies with smaller cohorts or populations 
mixed with other types of congenital heart defects show neutral 
or tentatively positive results but do not perform formal statistics 
or do not concern patients with systemic RV specifically.21 22 Our 
findings provide new insight into the pharmacological possibil-
ities of heart failure treatment in the patients with systemic RV 
and justify assessment in larger prospective cohorts.

Secondary analysis of the cohort described in the landmark 
Prospective Comparison of ARNI with ACEI to Determine Impact on 
Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) 
trial showed a median decrease of NT-pro-BNP of 28% after the first 
8–10 weeks of treatment.16 Furthermore, the proportion of patients 
in which the treatment was limited by symptomatic hypotension, 
hyperkalaemia or a decline in renal function in the PARADIGM- 
HF trial was low.11 In the current cohort, the median decrease in 
NT-pro-BNP was 45% after 6 months of treatment. There were no 
cases in which titration was halted or treatment had to be discon-
tinued due to hyperkalaemia or decline in renal function, perhaps 
reflecting on the usually preserved subpulmonary function of the 
anatomic LV and preserved renal function. The observed rise of 
haematocrit, MCV and decrease in ALAT levels may be attributed to 
a net excretion of excess volume and subsequent relief of the hemo-
dynamically congested liver. In a third of the patients, the maximum 
dose of 97/103 mg two times a day was not reached due to symp-
tomatic hypotension, but lower doses were well tolerated. Similar 
proportions of patients reaching the maximum dose are described 
in other retrospective cohorts in patients with non-congenital heart 
disease and the maximally tolerated dose remains a matter of indi-
vidualised patient care.23

Identification of patients in the early stages of deterioration of 
systemic RV function remains a challenge as patients with complex 
congenital heart disease are typically used to living with limitations in 
their exercise tolerance and detection of subtle changes using routine 
echocardiography is technically challenging. Despite this, finding the 
optimal window for optimisation of medical therapy to stimulate 
reverse myocardial remodelling and improve the long-term outcome 
is crucial. BNP and NT-pro-BNP levels may provide a useful clin-
ical tool in identifying and managing adult patients with congenital 
heart disease.24 The correlation of NT-pro-BNP and clinical and 
echocardiographic parameters in our study is illustrative of this. A 
recent study evaluating medication use in adults after atrial switch for 
TGA showed that only the symptomatic patients with systemic RV 
benefited from the use of heart failure medication, suggesting that 
adequate patient selection is key and discouraging prophylactic use 
of heart failure medication in this patient group.25

A recent study of sacubitril/valsartan in an animal model of 
RV pressure overload showed that sacubitril/valsartan prevented 
maladaptive RV remodelling by diminishing the effective RV 
pressure increase, hypertrophy, collagen and myofibre reorien-
tation and amelioration of tissue stiffening. This provides some 
insight into the potential mechanism of action of sacubitril/
valsartan in the failing (systemic) RV.26

Of interest is the discrepancy between the only slightly reduced 
distance attained during the 6-MWT (564 m), which improved after 
6 months of treatment with sacubitril/valsartan and the unaffected, 
poor performance as assessed by exercise testing and VO2max 
(VO2max 18 mL/min/kg, 59% of predicted) in our study population. 

Patients with preserved systemic RV function are known to have 
significantly lower peak and anaerobic threshold oxygen uptake 
compared with age matched controls. In addition, impaired systemic 
RV function further reduces the peak oxygen uptake.27 Perhaps the 
limited contractile reserve and poor tolerance of pressure overload 
of the systemic RV can explain the poor performance during peak 
exercise training such as seen during the exercise testing. Although 
the 6-MWT is best reflective of low intensity exercise capacity, 
most daily activities are of low intensity and therefor the observed 
improvement in 6-MWT performance is promising.

As compared with the general population, adults with congen-
ital heart disease have a worse self-perceived health-related 
QOL. This may be even worse in patients with complex congen-
ital defects.20 Secondary analysis of the PARADIGM-HF trial 
showed improvement in QOL in both physical and mental 
domains.28 In the current cohort, improvements were seen in the 
domains of cognitive function, sleep and vitality after 6 months 
of treatment with sacubitril/valsartan, suggesting that, although 
this was an open-label study, the self-perceived QOL can indeed 
be improved with medical intervention.

Study limitations
This study is limited by its single-arm, non-blinded design and 
the relatively small study population, reflective of the rarity of 
the condition. The findings should be interpreted taking into 
account the open-label nature of the study. Therefore, the results 
should be confirmed in a larger, preferably randomised, double-
blinded and placebo-controlled trial.

CONCLUSION
This is the first cohort of patients with systemic RV heart failure 
treated with sacubitril/valsartan. This appears to be well toler-
ated and leads to improvements in NT-pro-BNP and echocar-
diographic function. The positive results show the potential of 
sacubitril/valsartan in the treatment of this patient population.

Key messages

What is already known on this subject?
►► Patients with systemic right ventricular (RV) heart failure 
are frequently encountered in congenital heart disease and 
represent a distinct anatomical, pathophysiological and 
clinical entity. Pharmacological options for patients with a 
failing systemic RV in the context of transposition of the great 
arteries (TGA) after atrial switch or congenitally corrected 
TGA are not well defined and the feasibility and effects of 
sacubitril/valsartan in the treatment of these patients have 
not yet been evaluated.

What might this study add?
►► We describe the first patient cohort with systemic RV failure 
treated with sacubitril/valsartan. Treatment appears feasible 
and results in improvements in N-terminal pro-B-type 
natriuretic peptide, echocardiographic function, walking 
distance and self-assessed quality of life.

How might this impact on clinical practice?
►► The positive results show the potential of sacubitril/valsartan 
in the treatment of this heart-failure prone and often young 
patient population.
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CLINICAL PERSPECTIVES
With the current survival rates of 82% at 40 years after atrial switch 
operation for TGA and 84% survival at the age of 40 in patients with 
ccTGA, the burden of systemic RV heart failure in this young popu-
lation will increase over the next decades.29 Heart failure treatment 
in this patient group remains a challenge. Optimisation of pharma-
cological treatment, aggressive treatment of arrhythmias, the search 
of adequate pacing modalities including resynchronisation therapy 
and timely surgical treatment of TR all play an important role in 
halting the progression of systemic RV heart failure. The specific 
anatomical and physiological characteristics, together with extensive 
surgical history and scarce numbers of donor hearts often makes this 
group unsuitable for cardiac transplantation. When confronted with 
advanced heart failure, VAD implantation as destination therapy 
shows promising results in patient with systemic RV failure.30 
The present study demonstrates that sacubitril/valsartan results in 
improved RV function, exercise capacity and QOL in symptomatic 
patients with systemic RV.
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