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ABSTRACT
Aims  We investigated the incremental advantage in terms 
of N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
reduction in patients affected by heart failure with reduced 
ejection fraction (HFrEF) treated with sacubitril/valsartan 
(S/V) and mineralocorticoid receptor antagonists (MRA) 
versus patients treated with S/V only.
Methods  Consecutive adult patients with a left ventricular 
ejection fraction (LVEF) of ≤40% who were followed in our 
outpatient clinic from January 2016 to December 2019 
and treated with S/V were analysed.
Results  Out of eligible 147 patients, 99 were treated 
with S/V+MRA at baseline and 48 patients were treated 
with S/V. Patients treated with S/V+MRA were significantly 
younger (61.5 vs 67.8 years, p=0.006), had better 
basal renal function (serum creatinine 1.2 vs 1.4 mg/dL, 
p=0.006) and lower LVEF (30.9% vs 33.1%, p=0.039). At 
follow-up at 8–16 months, 84 out of 99 patients continued 
to be on S/V+MRA, and 39 out of 48 patients continued 
to be on S/V. Between these two groups, at follow-up, 
LVEF did not vary significantly, ΔNT-proBNP was not 
significantly different (−215.7 vs −165.9 pg/mL, p=0.93) 
and neither was the rate of hospitalisation for heart failure 
(9.5% vs 12.8%, p=0.58). Using general linear models, 
both age and basal NT-proBNP influenced significantly 
ΔNT-proBNP (respectively, p=0.002; p=0.005), while 
treatment with S/V+MRA versus S/V only did not 
significantly influence ΔNT-proBNP (p=0.462).
Conclusion  Even with the limitations of a small 
retrospective study, our results generate the hypothesis 
that MRA might not provide any additional value in patients 
with HFrEF treated with S/V. Larger studies are needed to 
test if MRA should remain a standard treatment in patients 
with HFrEF treated with S/V.

INTRODUCTION
Heart failure with reduced ejection fraction 
(HFrEF) remains a major cause of morbidity 
and mortality worldwide. However, stepwise 
improvements have been made in pharma-
cotherapy in the last three decades, signif-
icantly delaying clinical progression and 
prolonging disease-free survival. Combina-
tion therapy with an angiotensin-converting 

enzyme inhibitor (ACEi) or an angiotensin 
receptor blocker (ARB), a beta blocker (BB) 
and a mineralocorticoid receptor antago-
nist (MRA) has been the corner stone of 
guideline-recommended therapy for patients 
with HFrEF for several years.1–3 Besides 
adding sodium/glucose cotransporter 2 
(SGLT2) inhibitors to the standard regimen,4 
most recent guidelines have introduced sacu-
bitril/valsartan (S/V) as a potential replace-
ment for ACEi and ARB.1 S/V (formerly 
known as LCZ 696) is an angiotensin receptor 
neprilysin inhibitor (ARNI) demonstrated 
to be superior to enalapril in patients with 
HFrEF and is therefore recommended as a 
more effective alternative to ACEi or ARBs 
in patients with persisting symptoms to be 
used in conjunction with other evidence-
based treatments.5–10 In clinical practice, 
many patients with HFrEF do not tolerate 
the recommended target doses of S/V due 
to its lowering effects on blood pressure. 
Since MRA reduce blood pressure as well, 
the concomitant use of MRA further limits 
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the dose of S/V to be administered in some patients. 
Previous trials have shown clinical superiority of MRA 
when they were tested against a placebo control in addi-
tion to standard therapy including renin–angiotensin-
system inhibitors and beta blockers.11 12 MRA carries a 
significant risk of worsening renal function and leading 
to hyperkalaemia, which is why in real world practice, the 
prescription of MRA remains lower than that of other 
guideline-recommended drugs, in particular in vulner-
able groups of patients such as the elderly, patients with 
chronic kidney disease or patients suffering from hyper-
kalaemia.13 14

Several studies have highlighted the importance of a 
combined use of disease-modifying drugs in HFrEF,15–18 
but, to our knowledge, there is no study that investigated 
the incremental value of MRA in patients with HFrEF 
treated with S/V at less-than-target dose.

Aims
Aim of the study was to retrospectively analyse differ-
ences between patients with HFrEF treated with S/V 
and MRA and patients treated with S/V only, on top 
of other guideline-recommended drugs. We chose as 
primary endpoint the reduction of N-terminal pro-B-
type natriuretic peptide (NT-proBNP) concentration 
between baseline, namely the first visit at our outpatient 
clinic, and follow-up at 8–16 months (ΔNT-proBNP). 
Moreover, we analysed differences in biochemical and 
clinical features between patients affected by HFrEF 
treated with S/V and MRA and patients treated only 
with S/V.

METHODS
Eligibility criteria
For this retrospective study, patients treated with S/V 
who attended our outpatient clinic for advanced heart 
failure from January 2016 to December 2019 were identi-
fied from a clinical database. Inclusion criteria included 
therapy with S/V, age ≥18 years and left ventricular ejec-
tion fraction (LVEF) of ≤40%. Exclusion criteria included 
a diagnosis of hypertrophic cardiomyopathy, restrictive 
cardiomyopathy or arrhythmogenic cardiomyopathy and 
prior heart transplant or left ventricular assist device.

Patients were grouped by MRA treatment into patients 
with S/V and MRA (S/V+MRA group) or with S/V only 
(S/V group), on top of the remaining medical therapy 
for HFrEF. In patients not receiving MRA, the reason for 
withholding MRA was assessed from clinical records.

Data from follow-up visits included results of history, 
physical examination, echocardiography and blood 
sampling. Plasma NT-proBNP was measured using a 
commercially available electrochemiluminescence immu-
noassay (proBNP II, Roche Diagnostic).

For analyses, all data were anonymised. The study 
conformed to the Declaration of Helsinki and to local 
regulations for retrospective studies and data handling.

Statistical analysis
Continuous variables are presented as mean and SD if 
normally distributed, categorical data are reported as 
number and percentage.

Comparisons of group means of continuous variables 
were performed using the t-test for independent samples 
or general linear models. Categorical variables were eval-
uated using Fisher’s exact test or Pearson’s χ² test, where 
appropriate.

We compared the reduction of NT-proBNP concen-
tration between baseline and follow-up (ΔNT-proBNP) 
using general linear models (univariate analysis of vari-
ance, ANOVA) with ΔNT-proBNP as the outcome (depen-
dent variable) and age, basal serum creatinine and basal 
NT-proBNP as independent variables. In order to obtain 
a normal distribution, NT-proBNP was log-transformed 
before analysis.

P≤0.05 was considered statistically significant.
All statistical analyses were performed using SPSS 

V.23.0 (IBM, New York, USA).

RESULTS
Overall population
Eligible patients were 147, among which 74 patients 
(50.3%) had dilated cardiomyopathy, 64 patients 
(43.6%) had ischaemic heart disease, 5 patients (3.4%) 
had inflammatory cardiomyopathy and 4 patients (2.7%) 
had valvular heart disease. Overall, 62 patients (42.2%) 
began therapy with S/V at baseline, 50 patients (34.0%) 
were already treated with S/V and its dose remained 
unchanged, 34 patients (23.1%) were already treated with 
S/V and increased its dose and 1 patient (0.7%) reduced 
S/V dose. Among patients who began therapy with S/V 
at baseline, 41 (66.1%) were in S/V+MRA group and 21 
(33.9%) were in S/V group.

At baseline, 99 patients out of 147 were treated with 
S/V+MRA and 48 patients were treated only with S/V, 
on top of other guideline-recommended medication. 
Patients treated with S/V+MRA were significantly 
younger (61.5±12.7 vs 67.8±13.6 years, p=0.006), had 
lower LVEF at baseline (30.9±5.7 vs 33.1±6.5%, p=0.039), 
and had lower burden of atrial fibrillation (20.2% vs 
35.4%, p=0.046). In the S/V+MRA group, men were 
slightly more predominant than in the S/V group, even 
if not significantly different (82.8% vs 68.8%, p=0.052). 
Systolic blood pressure did not differ significantly in the 
two groups at baseline, even if diastolic blood pressure 
was slightly higher in the S/V+MRA group (75.6±9.8 vs 
71.8±9.3 mm Hg, p=0.03). The percentage of patients with 
implantable cardiac defibrillator and cardiac resynchro-
nisation therapy (CRT) (including CRT-D and CRT-P) 
was not statistically different in the two groups. Baseline 
NYHA functional class was similar, as was the dose of S/V 
at the first visit in our centre. There was no considerable 
difference in concomitant therapies for heart failure at 
baseline, with most of the patients taking beta-blockers 
(96% in S/V+MRA group and 95.8% in S/V group). 
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Diuretic therapy consisted predominantly of torasemide 
(111 patients), and to lesser extent of xipamide (24 
patients), furosemide (9 patients) and hydrochlorothi-
azide (3 patients). Regarding MRA dosage at baseline, 
most patients assumed Spironolacton 25 mg/day (46.5%) 
and Eplerenon 25 mg/day (43.4%), with a lower number 
of patients assuming the highest MRA dosage (respec-
tively 8.1% with Spironolacton 50 mg/day and 2.0% with 
Eplerenon 50 mg/day). Furthermore, patients treated 
with S/V+MRA had better basal renal function (serum 
creatinine 1.2±0.3 vs 1.4±0.6 mg/dL, p=0.006), slightly 
lower basal NT-proBNP even if not significantly different 
(1833.0±2376.8 vs 2312.8±2586.2 pg/mL, p=0.267) and 
lower basal index NT-proBNP/estimated glomerular 
filtration rate (eGFR) (29.2±46.3 vs 53.1±67.1, p=0.013). 
More baseline characteristics can be found in table 1.

At follow-up at 8–16 months (mean 13.9 months), 84 
out of 99 patients continued to be on S/V+MRA (15 
patients discontinued MRA), and 39 out of 48 patients 
continued to be on S/V only (9 patients began therapy 
with MRA). Among patients who discontinued MRA, 
seven patients suspended MRA for arterial hypoten-
sion, four patients for deteriorated kidney function, 
three patients for hyperkalaemia and one patient for 
gynecomastia. In the S/V+MRA group, at follow-up the 
S/V dose remained unchanged in 53 patients (63.0%), 
increased in 26 patients (31.0%) and decreased in 5 
patients (6.0%). In the S/V group, at follow-up the S/V 
dose remained unchanged in 26 patients (66.7%%), 
increased in 11 patients (28.2%) and decreased in 2 
patients (5.1%). Regarding MRA dosage at follow-up, 
most patients assumed Eplerenon 25 mg/day (54.8%) 
and Spironolacton 25 mg/day (41.6%), with a lower 
number of patients assuming the highest MRA dosage 
(respectively 1.2% with Eplerenon 50 mg/day and 2.4% 
with Spironolacton 50 mg/day).

At follow-up NYHA functional class was similar, as was 
the dose of S/V between S/V+MRA group and S/V group. 
As well systolic and diastolic blood pressure were similar 
in the two groups at follow-up. Moreover, LVEF did not 
vary significantly (36.3±9.4 vs 39.8±10.6%, p=0.072), 
neither did the improvement of LVEF between baseline 
and follow-up (+5.3±9.0 vs +7.1±10.2%, p=0.309). Patients 
treated with S/V+MRA had better follow-up renal func-
tion (serum creatinine 1.2±0.5 vs 1.5±0.9, p=0.038). The 
rate of hospitalisation for heart failure did not vary signifi-
cantly between the two groups (9.5% vs 12.8%, p=0.58). 
More follow-up characteristics can be found in table 2.

NT-proBNP reduction
At follow-up, NT-proBNP was slightly lower, even if not 
significantly different, in S/V+MRA group in compar-
ison to S/V group (1281.0±3239.2 vs 2154.8±3245.9 pg/
mL, p=0.163). Of note, the reduction in NT-proBNP 
concentration (ΔNT-proBNP) was not significantly 
different between the two groups (−215.7±3040.9 vs 
−165.9±2578.9 pg/mL, p=0.93).

We compared ΔNT-proBNP using general linear models 
(ANOVA) with ΔNT-proBNP as the outcome (depen-
dent variable) and age, basal NT-proBNP and treatment 
group (S/V+MRA vs S/V) as independent variables. 
In order to obtain a normal distribution, NT-proBNP 
was log-transformed before analysis. Both age and 
basal NT-proBNP influenced significantly ΔNT-proBNP 
(respectively 95% CI −0.016 to −0.004, p=0.002; 95% CI 
0.078 to 0.418, p=0.005), while treatment with S/V+MRA 
vs treatment only with S/V did not influence significantly 
ΔNT-proBNP (95% CI −0.109 to 0.239, p=0.462) (table 3, 
figure 1).

Analysing the group of patients who discontinued 
MRA, NT-proBNP mean changed from 3716±4167.8 pg/
mL at baseline to 1521.6±1447.5 at follow-up with a ΔNT-
proBNP of –2194.4±3592.3 pg/mL. Among patients 
who began MRA, NT-proBNP mean changed from 
2278.9±2194.2 pg/mL at baseline to 1538.8±1986.6 pg/
mL at follow-up with a ΔNT-proBNP of –740.1±1122.6 pg/
mL. There was no statistically significant difference 
between ΔNT-proBNP of these two groups (p=0.254).

DISCUSSION
To our knowledge, this is the first study that investigates 
the incremental value of MRA in patients with HFrEF 
treated with S/V. Our results generate the hypothesis that 
MRA might not provide any additional value in patients 
with HFrEF treated with S/V, as reflected by a lack of 
additional reduction of NT-proBNP when compared 
with patients with S/V treatment only. In other words, 
the results or our study support non-inferiority of a S/V 
without MRA strategy as compared with standard S/V 
with MRA strategy.

Recent metanalyses showed that among different drug 
combinations, ACEi+BB+MRA+Ivabradin and ARNI+B-
B+MRA+SGLT2 i tended to be the combinations associ-
ated with lowest mortality endpoints and hospitalisation 
in patients with HFrEF.15 16 19 20

However, in clinical reality, the majority of patients do 
not receive such combinations at full dosage due to their 
lowering effects on blood pressure and heart rate. The 
addition of a MRA frequently means that the effective 
dose of S/V cannot be raised as much as if no MRA was 
given. Given the proven positive effects of S/V and the 
lack of evidence for positive effects of MRA in the pres-
ence of ARNI, giving MRA up for a higher dose of S/V 
seems an appealing strategy, especially in patients with 
low blood pressure and/or impaired renal function.

When the RALES study showed in 1999 that spironolac-
tone (still the most-prescribed MRA), in addition to stan-
dard therapy, reduced the risk of morbidity and mortality 
in patients with HFrEF,11 beta blockers had not yet been 
shown effective or safe in patients with severe HFrEF21–25 
and S/V was not yet introduced. Indeed, in the RALES 
cohort treated with spironolactone, background therapy 
included ACEi in 95% of the patients, loop diuretics in 
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Table 1  Baseline characteristics of S/V+MRA and S/V groups

Overall population Group S/V+MRA Group S/V P value

n 147 99 48

Age, years 63.6±13.3 61.5±12.7 67.8±13.6 0.006

Males, n (%) 115 (78.2%) 82 (82.8%) 33 (68.8%) 0.052

BMI, kg/m2 29.4±5.6 30.4±5.8 27.5±4.6 0.004

Baseline systolic blood pressure 124.1±18.8 123.5±17.9 125.1±20.5 0.62

Baseline diastolic blood pressure 74.4±9.9 75.6±9.8 71.8±9.3 0.03

Cause of heart failure

 � Ischaemic heart disease 64 (43.5%) 41 (41.4%) 23 (47.9%) 0.556

 � Non-ischaemic heart disease 83 (56.5%) 58 (58.6%) 25 (52.1%) 0.966

Baseline NYHA functional class 0.732

 � II, n (%) 55 (37.4%) 39 (39.4%) 16 (33.3%)

 � III, n (%) 82 (55.8%) 53 (53.5%) 29 (60.4%)

 � IV, n (%) 10 (6.8%) 7 (7.1%) 3 (6.3%)

Baseline EF, % 31.6±6.9 30.9±5.7 33.1±6.5 0.039

ICD, n (%) 45 (30.6%) 34 (34.3%) 11 (22.9%) 0.159

CRT, n (%) 62 (42.2%) 39 (39.4%) 23 (47.9%) 0.326

Atrial fibrillation, n (%) 37 (25.2%) 20 (20.2%) 17 (35.4%) 0.046

Diabetes mellitus, n (%) 45 (30.6%) 29 (29.3%) 16 (33.3%) 0.618

Baseline sacubitril/valsartan 0.568

 � 100 mg/day 77 (52.4%) 51 (51.5%) 26 (54.2%)

 � 200 mg/day 59 (40.1%) 39 (39.4%) 20 (41.7%)

 � 400 mg/day 11 (7.5%) 9 (9.1%) 2 (4.1%)

Baseline mineralocorticoid receptor antagonist

 � Spironolacton 25 mg/day 46 (46.5%)

 � Spironolacton 50 mg/day 8 (8.1%)

 � Eplerenon 25 mg/day 43 (43.4%)

 � Eplerenon 25 mg/day 2 (2.0%)

Concomitant therapies

 � Beta-blockers 141 (9.6%) 95 (96.0%) 46 (95.8%) 0.971

 � Ivabradin 19 (12.9%) 16 (16.2%) 3 (6.3%) 0.093

 � Amiodaron 12 (8.2%) 7 (7.1%) 5 (10.6%) 0.487

 � Digitoxin 13 (88.4%) 6 (6.1%) 7 (14.6%) 0.088

 � Diuretics 123 (83.7%) 86 (86.9%) 37 (77.1%) 0.132

Baseline blood test

 � Haemoglobin, g/L 1390±160 1400±160 1370±170 0.225

 � Creatinine, mg/dL 1.3±0.5 1.2±0.3 1.4±0.6 0.006

 � eGFR, mL/min/1,73m2 83.6±40.3 92.5±40.9 65.3±32.7 0.000

 � Potassium, mmol/L 4.3±0.4 4.2±0.4 4.3±0.5 0.083

 � NT-proBNP, pg/mL 1989.6±2448.7 1833.0±2376.8 2312.8±2586.2 0.267

 � NT-proBNP/eGFR 37.0±54.9 29.2±46.3 53.1±67.1 0.013

Bold values are considered statistically significant (p≤0.05).
BMI, body mass index; CRT, cardiac resynchronisation therapy; EF, ejection fraction; eGFR, estimated glomerular filtration rate; ICD, 
implantable cardiac defibrillator; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; S/V, 
sacubitril/valsartan.
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100%, digitoxin in 75% and beta blockers only in 11% of 
the patients.

Subsequent subanalysis of the PARADIGM-HF trial 
showed that the benefit of S/V over an ACEi was consis-
tent independently of background therapy.18 This 

finding is not in conflict but slightly different from what 
we demonstrated, namely that the benefit of S/V in terms 
of NT-proBNP reduction was consistent independently of 
MRA background therapy. We tested our hypothesis not 
over an ACEi population, but over a similar S/V popula-
tion who did not take MRA.

In comparison to the PARADIGM-HF population, 
in our study patients had lower levels of NT-proBNP 
(median 1631 pg/mL vs 1135 pg/mL) and the cause of 
heart failure was less predominantly ischaemic (59.9% 
vs 43.5%). Age, serum creatinine levels and baseline EF 
were similar between the two study populations.

In our study, we found that patients treated with S/V 
without MRA were significantly older with slightly higher 
predominance of female gender and had higher burden 
of atrial fibrillation, despite a better LVEF. Moreover, 

Table 2  Follow-up characteristics of S/V+MRA group and S/V group

Overall population Group S/V+MRA Group S/V P value

n 123 84 39  �

Follow-up systolic blood pressure 123.2±18.2 121.6±16.4 126.8±21.4 0.141

Follow-up diastolic blood pressure 73.6±9.5 72.7±8.2 75.4±11.6 0.151

Follow-up NYHA functional class  �  0.182

 � I, n (%) 2 (1.6%) 2 (2.4%) 0

 � II, n (%) 71 (57.7%) 52 (61.9%) 19 (48.7%)

 � III, n (%) 48 (39.1%) 28 (33.3%) 20 (51.3%)

 � IV, n (%) 2 (1.6%) 2 (2.4%) 0

Follow-up EF, % 37.4±9.9 36.3±9.4 39.8±10.6 0.072

Follow-up Δ EF, % 5.8±9.4 5.3±9.0 7.1±10.2 0.309

Follow-up sacubitril/valsartan  �  0.482

 � 100 mg/day 38 (30.9%) 24 (28.6%) 14 (35.9%)

 � 200 mg/day 66 (53.7%) 45 (53.5%) 21 (53.8%)

 � 400 mg/day 19 (15.4%) 15 (17.9%) 4 (10.3%)

Follow-up mineralocorticoid receptor antagonist  �   �   �   �

 � Spironolacton 25 mg/day  �  35 (41.6%)  �   �

 � Spironolacton 50 mg/day  �  2 (2.4%)  �   �

 � Eplerenon 25 mg/day  �  46 (54.8%)  �   �

 � Eplerenon 50 mg/day  �  1 (1.2%)  �   �

Follow-up blood test  �

 � Haemoglobin, g/L 1380±60 1410±160 1330±190 0.03

 � Creatinine, mg/dL 1.3±0.6 1.2±0.5 1.5±0.9 0.038

 � eGFR, mL/min/1,73m2 84.1±44.8 93.2±46.2 64.4±34.5 0.001

 � Potassium, mmol/L 4.3±0.4 4.3±0.4 4.4±0.5 0.051

 � NT-proBNP, pg/mL 1558.1±3222.9 1281.0±3239.2 2154.8±3245.9 0.163

 � NT-proBNP/eGFR 33.9±99.3 27.0±110.0 48.7±70.0 0.261

 � ΔNT-proBNP, pg/mL −199.9±2891.9 −215.7±3040.9 −165.9±2578.9 0.93

Hospitalisation for heart failure 13 (10.6%) 8 (9.5%) 5 (12.8%) 0.58

Bold values are considered statistically significant (p≤0.05)
EF, ejection fraction; eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-
type natriuretic peptide; S/V, sacubitril/valsartan.

Table 3  ANOVA considering ΔNT-proBNP as the outcome 
(dependent variable)

P value 95% CI

Age 0.002 −0.016 to −0.004

Basal NT-ProBNP 0.005 0.078 to 0.418

S/V+MRA group vs S/V group 0.462 −0.109 to 0.239

ANOVA, analysis of variance; MRA, mineralocorticoid receptor 
antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; 
S/V, sacubitril/valsartan.
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they had worse renal function, slightly higher potas-
sium levels, slightly higher basal NT-proBNP and signifi-
cantly higher index NT-proBNP/eGFR. We analysed 
NT-proBNP indexed to eGFR since it is known that there 
is an important interrelationship between cardiac and 
renal dysfunction.26 27 These differences in patient char-
acteristics are best explained by a lower tendency towards 
prescribing a MRA among treating physicians in patients 
with advanced heart failure and chronic kidney disease 
due to the increased risk for renal failure and hyperka-
laemia with MRA.13 28 29 Among our patients who discon-
tinued MRA during follow-up, seven patients suspended 
MRA for arterial hypotension, four patients for worsening 
renal function, three patients for hyperkalaemia and one 
patient for gynecomastia.

At follow-up, NYHA functional class was similar, and 
neither LVEF nor the improvement of LVEF between 
baseline and follow-up differed significantly. There was 
no significant difference in the dose of S/V between 
the two groups, which was less than the recommended 
target dose in>90% of patients at baseline and still >80% 
at follow-up in both groups. The rate of hospitalisation 
for heart failure was similar between S/V+MRA group 
and S/V group and in line with those reported in the 
literature,5 further supporting non-inferiority of the S/V 
without MRA strategy and demonstrating the represen-
tative burden of disease of the patients enrolled in this 
study.

Regarding the primary endpoint of our study, namely 
the reduction in NT-proBNP concentration, results did 
not vary significantly between S/V+MRA and S/V groups 
(-216 vs −166 pg/mL, p=0.93). Moreover, using general 
linear models (ANOVA), treatment with S/V+MRA vs 
treatment with S/V only did not influence significantly 
ΔNT-proBNP (95% CI −0.109 to 0.239, p=0.462).

The findings of our study seem to be in conflict 
with a metanalysis by Komajda et al.16 However, the 
authors of another recently published metanalysis20 of 
69 randomised controlled trials, which found that the 
combination of neurohormonal inhibitors and more 

recent compounds such as SGLT2i was superior to neuro-
hormonal inhibition alone, concluded that it was not 
possible to discriminate between the effects of different 
patterns of background neurohormonal inhibition, and 
that patient-level data would be necessary to achieve this 
scope.

Indeed, we think that these results bring new insights 
into finding the best combination of disease-modifying 
drugs for HFrEF, raising the hypothesis that mineralo-
corticoid receptor antagonists might not bring any addi-
tional benefit in patients treated with sacubitril/valsartan.

Given the design of our study, all limitations of a retro-
spective study apply to this work. The number of patients 
included in the analysis of this mono-centre study is 
limited, and thus our findings might not be represen-
tative for the entire population of patients with HFrEF. 
Moreover, baseline characteristics differ between the two 
groups in several aspects, potentially confounding the 
incremental change in NT-proBNP level. Other limita-
tions are the unknown time of MRA initiation and the 
uptitration of S/V during the follow-up period, making 
NT-proBNP variation more difficult to judge. Finally, we 
have chosen a biochemical endpoint, which does not 
provide the same prognostic strength as hard endpoints 
such as cardiovascular death or hospitalisation for heart 
failure.

However, given the standardised and comprehensive 
assessment of patients treated in our advanced heart 
failure clinic and the statistical analyses performed, 
we are confident that the results deserve validation in 
prospective trials.

In conclusion, the results of this study support the 
hypothesis that the use of S/V without MRA might not 
be inferior to a strategy combining S/V and MRA as 
currently recommended in patients with HFrEF. Larger, 
prospective studies are needed to confirm this hypoth-
esis, which if corroborated would allow for simplifying 
treatment and follow-up and for preventing side effects 
caused by MRA in patients with HFrEF.

Contributors  DM conceived, designed the study and guarantees for the work. 
ABe, ABi and KN did the analysis. ABe and DM drafted the manuscript. All authors 
contributed to data interpretation and writing of the final version of the manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient consent for publication  Not applicable.

Ethics approval  For analyses, all data were anonymised. The study conformed 
to the Declaration of Helsinki and to local regulations for retrospective studies and 
data handling. Participants gave informed consent to participate in the study before 
taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request. All data 
relevant to the study are included in the article or uploaded as supplementary 
information.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 

Figure 1  ΔNT-proBNP between baseline and follow-up in 
S/V+MRA group and S/V group. NT-proBNP, N-terminal pro-
B-type natriuretic peptide; MRA, mineralocorticoid receptor 
antagonist; S/V, sacubitril/valsartan.



7Benini A, et al. Open Heart 2022;9:e002069. doi:10.1136/openhrt-2022-002069

Heart failure and cardiomyopathies

properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Annachiara Benini http://orcid.org/0000-0002-1216-5369

REFERENCES
	 1	 McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for 

the diagnosis and treatment of acute and chronic heart failure. Eur 
Heart J 2021;42:3599–726.

	 2	 Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC guidelines for 
the diagnosis and treatment of acute and chronic heart failure: the 
task force for the diagnosis and treatment of acute and chronic heart 
failure of the European Society of cardiology (ESC). developed with 
the special contribution of the heart failure association (HFA) of the 
ESC. Eur J Heart Fail 2016;18:891–975.

	 3	 Yancy CW, Jessup M, Bozkurt B, et al. 2016 ACC/AHA/HFSA 
Focused Update on New Pharmacological Therapy for Heart Failure: 
An Update of the 2013 ACCF/AHA Guideline for the Management 
of Heart Failure: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Failure Society of America. J Am Coll 
Cardiol 2016;68:1476–88.

	 4	 McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in 
patients with heart failure and reduced ejection fraction. N Engl J 
Med 2019;381:1995–2008.

	 5	 McMurray JJV, Packer M, Desai AS, et al. Angiotensin–Neprilysin 
inhibition versus enalapril in heart failure. N Engl J Med 
2014;371:993–1004.

	 6	 Desai AS, Solomon SD, Shah AM, et al. Effect of Sacubitril-Valsartan 
vs enalapril on aortic stiffness in patients with heart failure and 
reduced ejection fraction. JAMA 2019;322:1077–10.

	 7	 Januzzi JL, Prescott MF, Butler J, et al. Association of change in 
N-terminal Pro–B-Type natriuretic peptide following initiation of 
Sacubitril-Valsartan treatment with cardiac structure and function 
in patients with heart failure with reduced ejection fraction. JAMA 
2019;322:1085–11.

	 8	 Ferreira JP, Docherty KF, Stienen S, et al. Estimating the Lifetime 
Benefits of Treatments for Heart Failure. JACC Heart Fail 
2020;8:984–95.

	 9	 Kang D-H, Park S-J, Shin S-H, et al. Angiotensin receptor 
neprilysin inhibitor for functional mitral regurgitation. Circulation 
2019;139:1354–65.

	10	 Velazquez EJ, Morrow DA, DeVore AD, et al. Angiotensin–Neprilysin 
inhibition in acute decompensated heart failure. N Engl J Med 
2019;380:539–48.

	11	 Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone 
on morbidity and mortality in patients with severe heart failure. 
randomized Aldactone evaluation study Investigators. N Engl J Med 
1999;341:709–17.

	12	 Zannad F, McMurray JJV, Krum H, et al. Eplerenone in patients 
with systolic heart failure and mild symptoms. N Engl J Med 
2011;364:11–21.

	13	 Pitt B, Pedro Ferreira J, Zannad F. Mineralocorticoid receptor 
antagonists in patients with heart failure: current experience 

and future perspectives. Eur Heart J Cardiovasc Pharmacother 
2017;3:48–57.

	14	 Juurlink DN, Mamdani MM, Lee DS, et al. Rates of hyperkalemia 
after publication of the randomized Aldactone evaluation study. N 
Engl J Med 2004;351:543–51.

	15	 Burnett H, Earley A, Voors AA, et al. Thirty years of evidence on the 
efficacy of drug treatments for chronic heart failure with reduced 
ejection fraction. Circulation 2017;10.

	16	 Komajda M, Böhm M, Borer JS, et al. Incremental benefit of drug 
therapies for chronic heart failure with reduced ejection fraction: a 
network meta-analysis. Eur J Heart Fail 2018;20:1315–22.

	17	 , Maddox TM, Januzzi JL, et al, Writing Committee. 2021 update to 
the 2017 ACC expert consensus decision pathway for optimization 
of heart failure treatment: answers to 10 pivotal issues about heart 
failure with reduced ejection fraction: a report of the American 
College of cardiology solution set oversight Committee. J Am Coll 
Cardiol 2021;77:772–810.

	18	 Okumura N, Jhund PS, Gong J, et al. Effects of Sacubitril/Valsartan 
in the PARADIGM-HF trial (prospective comparison of ARNI with 
ACEI to determine impact on global mortality and morbidity in heart 
failure) according to background therapy. Circulation 2016;9.

	19	 Vaduganathan M, Claggett BL, Jhund PS, et al. Estimating lifetime 
benefits of comprehensive disease-modifying pharmacological 
therapies in patients with heart failure with reduced ejection fraction: 
a comparative analysis of three randomised controlled trials. The 
Lancet 2020;396:121–8.

	20	 De Marzo V, Savarese G, Tricarico L, et al. Network meta‐analysis 
of medical therapy efficacy in more than 90,000 patients with heart 
failure and reduced ejection fraction. J Intern Med 2022;292:333–49.

	21	 A randomized trial of beta-blockade in heart failure. the cardiac 
insufficiency bisoprolol study (CIBIS). CIBIS Investigators and 
committees. Circulation 1994;90:1765–73.

	22	 Goldstein S. Clinical studies on beta blockers and heart failure 
preceding the MERIT-HF trial. metoprolol CR/XL randomized 
intervention trial in heart failure. Am J Cardiol 1997;80:50J–3.

	23	 The cardiac insufficiency bisoprolol study II (CIBIS-II): a randomised 
trial. The Lancet 1999;353:9–13.

	24	 Eichhorn EJ, Bristow MR. The carvedilol prospective randomized 
cumulative survival (COPERNICUS) trial. Curr Control Trials 
Cardiovasc Med 2001;2:20–3.

	25	 Packer M, Coats AJS, Fowler MB, et al. Effect of carvedilol 
on survival in severe chronic heart failure. N Engl J Med 
2001;344:1651–8.

	26	 McCullough PA, Kuncheria J, Mathur VS. Diagnostic and therapeutic 
utility of B-type natriuretic peptide in patients with renal insufficiency 
and decompensated heart failure. Rev Cardiovasc Med 2003;4 Suppl 
7:S3–12.

	27	 Mueller C, McDonald K, de Boer RA, et al. Heart Failure Association 
of the European Society of Cardiology practical guidance on 
the use of natriuretic peptide concentrations. Eur J Heart Fail 
2019;21:715–31.

	28	 Ferreira JP, Rossello X, Eschalier R, et al. MRAs in elderly HF 
patients: individual Patient-Data meta-analysis of RALES, 
EMPHASIS-HF, and TOPCAT. JACC Heart Fail 2019;7:1012–21.

	29	 Escobar C, Barrios V, Manzano L. Switching to sacubitril/valsartan 
or adding aldosterone antagonist: which first? ESC Heart Fail 
2019;6:1334–5.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1216-5369
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1002/ejhf.592
http://dx.doi.org/10.1016/j.jacc.2016.05.011
http://dx.doi.org/10.1016/j.jacc.2016.05.011
http://dx.doi.org/10.1056/NEJMoa1911303
http://dx.doi.org/10.1056/NEJMoa1911303
http://dx.doi.org/10.1056/NEJMoa1409077
http://dx.doi.org/10.1001/jama.2019.12843
http://dx.doi.org/10.1001/jama.2019.12821
http://dx.doi.org/10.1016/j.jchf.2020.08.004
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.037077
http://dx.doi.org/10.1056/NEJMoa1812851
http://dx.doi.org/10.1056/NEJM199909023411001
http://dx.doi.org/10.1056/NEJMoa1009492
http://dx.doi.org/10.1093/ehjcvp/pvw016
http://dx.doi.org/10.1056/NEJMoa040135
http://dx.doi.org/10.1056/NEJMoa040135
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.116.003529
http://dx.doi.org/10.1002/ejhf.1234
http://dx.doi.org/10.1016/j.jacc.2020.11.022
http://dx.doi.org/10.1016/j.jacc.2020.11.022
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.116.003212
http://dx.doi.org/10.1016/S0140-6736(20)30748-0
http://dx.doi.org/10.1016/S0140-6736(20)30748-0
http://dx.doi.org/10.1111/joim.13487
http://dx.doi.org/10.1161/01.CIR.90.4.1765
http://dx.doi.org/10.1016/s0002-9149(97)00840-0
http://dx.doi.org/10.1016/S0140-6736(98)11181-9
http://dx.doi.org/10.1186/CVM-2-1-020
http://dx.doi.org/10.1186/CVM-2-1-020
http://dx.doi.org/10.1056/NEJM200105313442201
http://www.ncbi.nlm.nih.gov/pubmed/14668695
http://dx.doi.org/10.1002/ejhf.1494
http://dx.doi.org/10.1016/j.jchf.2019.08.017
http://dx.doi.org/10.1002/ehf2.12522

	Incremental value of mineralocorticoid receptor antagonists in patients with heart failure with reduced ejection fraction treated with sacubitril/valsartan
	Abstract
	Introduction﻿﻿
	Aims

	Methods
	Eligibility criteria
	Statistical analysis

	Results
	Overall population
	NT-proBNP reduction

	Discussion
	References


