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Abstract

Background Sacubitril/valsartan (S/V) improves outcomes in patients with heart failure with reduced ejection fraction
(HFrEF). Data about the immediate, short-, and intermediate-term hemodynamic effects of S/V are limited.

Methods In this prospective observational study, 37 outpatients with chronic HFrEF were treated with S/V according to
current guideline recommendations. Next to clinical, laboratory and echocardiographic parameters, haemodynamic variables
were assessed non-invasively by use of inert gas rebreathing and bioimpedance cardiography at baseline and at 2-week,
3-month and 6-month follow-up. The course of variables throughout the study and the relationship between variables were
analysed using fractional polynomials.

Results S/V treatment resulted in short- and intermediate-term improvements in NYHA functional class (2.3 + 0.6 at base-
line vs. 1.9 + 0.5 at 6-month follow-up, p = 0.14), 6-min walk test (453 + 110 vs. 528 + 98 m, p = 0.02), ejection fraction
(31 £9vs.36 £ 12%, p = 0.13), pulmonary artery pressure (39 + 10 vs. 31 = 10 mmHg, p = 0.02), and NT-proBNP values
(1702 (782-2897 vs. 1004 (599-1627) ng/L, p = 0.03). In addition, S/V caused immediate decreases in systemic vascular
resistance index (SVRI) and systolic blood pressure (SBP), which were associated with a simultaneous drop in stroke volume
(SV) and cardiac index (CI). However, while SVRI and SBP remained at low levels during further treatment, SV and CI
restored rapidly and increased to slightly higher levels thereafter.

Conclusion The vasodilative effects of S/V result in immediate reductions in SVRI, SBP, SV and CI. However, S/V induces
reverse cardiac remodelling, which is apparent shortly after treatment initiation and leads to improvements of clinical, func-
tional, echocardiographic, laboratory and haemodynamic variables.

1 Introduction

Since publication of the PARADIGM-HF trial in 2014,
sacubitril/valsartan (S/V) has emerged as a new therapeutic
strategy for patients with heart failure with reduced ejection
fraction (HFrEF) [1]. In PARADIGM-HF, S/V reduced the
composite of cardiovascular death or hospitalization for heart
failure (HF) by 20% as compared to enalapril in a cohort of
8442 patients with symptomatic HFrEF [1]. A recent meta-
analysis of six randomized controlled trials involving 14,959
patients with HFrEF confirmed the benefits of S/V on HF
outcomes as compared with angiotensin-converting enzyme
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inhibitors (ACEISs) or angiotensin receptor blockers (ARBs)
[2]. In addition, observational studies have reported favour-
able effects of S/V on HF symptoms, NT-proBNP values
and echocardiographic parameters of cardiac function [3-6].

S/V is a molecule that combines the moieties of vals-
artan (an ARB) and sacubitril (a neprilysin inhibitor) in a
single substance. Neprilysin is a neutral endopeptidase that
degrades some vasoactive peptides, including natriuretic
peptides, bradykinin and adrenomedullin. In HF, the natriu-
retic peptide system is activated, leading to vasodilation,
natriuresis and a reduction in aldosterone release and sym-
pathetic tone. Inhibition of neprilysin by LBQ657, the active
metabolite of sacubitril, increases the levels of these pep-
tides and thus leads to a prolonged duration of their favour-
able effects. Because neprilysin also breaks down angioten-
sin II, inhibiting neprilysin will result in an unfavourable
accumulation of angiotensin II. For this reason, sacubitril
is combined with valsartan, which blocks the angiotensin
II type-1 receptor, inhibiting angiotensin II and the release
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This prospective observational study provides insights
into the short- and intermediate-term haemodynamic
effects of sacubitril/valsartan (S/V) initiation in ambula-
tory patients with chronic stable heart failure.

We found that S/V sacubitril/valsartan mediated vasodi-
lation causes immediate reductions in systemic vascular
resistance index, systolic blood pressure, stroke volume
and cardiac index.

S/V induces reverse cardiac remodelling, which is
apparent shortly after treatment initiation and leads to
improvements in clinical, functional, echocardiographic,
laboratory and haemodynamic variables.

of aldosterone. Thus, S/V improves the imbalance between
the renin-angiotensin-aldosterone and natriuretic peptide
systems [7].

While the mechanism of action of S/V is well charac-
terized, its immediate effects on cardiac function, haemo-
dynamics and biomarkers of HF as well as their potential
correlations with each other require further investiga-
tion. In particular, data on the haemodynamic effects
of S/V are scarce, since the gold standard methods for
measuring haemodynamic variables, thermodilution and
the direct Fick’s method, require invasive access. Inert
gas rebreathing and bioimpedance cardiography have
emerged as new approaches that allow non-invasive
measurement of a wide range of haemodynamic vari-
ables including the cardiac index. Studies have shown
high precision and acceptable agreement between haemo-
dynamic variables measured by inert gas rebreathing or
bioimpediance cardiography with those obtained by ther-
modilution [8, 9].

In the present research project, we explored the imme-
diate, short-term and intermediate-term effects of S/V
initiation on cardiac function, non-invasive measures of
haemodynamics and biomarkers and their correlations
with each other in outpatients with chronic HFrEF.

2 Methods
2.1 Study Design and Patient Selection

This was a monocentric, prospective, open-label, single-arm,
observational study on therapy initiation with S/V within the
limits of currently established, officially consented indica-
tion criteria. Patients attending the HF outpatients’ clinic of
a tertiary University Hospital in Germany for evaluation of
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HF were offered inclusion in the present study if they ful-
filled the following criteria: (a) age > 18 years, (b) diagnosis
of HFrEF, (¢) indication for HF treatment with S/V accord-
ing to guidelines and medical standards, (d) stable medica-
tion within at least 4 weeks prior to inclusion, (e) stable
body weight (+ 2.0 kg) within at least 4 weeks prior to inclu-
sion, (e) physically and mentally capable of participating in
the study, and (f) written informed consent for participation
in the local HF register.

The diagnosis of HF was established according to
published guidelines on the basis of typical symptoms
and signs resulting from an objective abnormality of car-
diac structure or function on echocardiography, cardiac
magnetic resonance imaging, or left heart catheterisation
[10]. All patients had a left ventricular ejection fraction
(LVEF) < 45%. The decision to initiate S/V therapy was
at the discretion of the referring physician in the HF out-
patients’ clinic. Following guideline recommendations
and drug approval, patients were deemed eligible for S/V
therapy if they reported HF symptoms despite individu-
ally optimized treatment with an ACEI, beta-blocker and
mineralocorticoid receptor antagonist [10]. All patients
included in the present study have consented to partici-
pation in the local HF register. The HF register is an on-
going, prospective longitudinal observational study. Since
1996, all patients attending the HF outpatients’ clinic for
the evaluation of HF have been asked to provide written
informed consent for their data to be recorded and used
for research purposes. Less than 1% of patients refused to
participate. The proceedings of the register conform with
the guidelines of the Declaration of Helsinki and were
approved by the local Ethics Committee, including its
sub-studies on new diagnostic tools, biomarker sampling
and share of scientific information.

Exclusion criteria were: (a) legal incapacity or imprison-
ment, (b) pregnancy, (c) an estimated glomerular filtration
rate (eGFR) < 15 mL/min/m?, (d) severe hepatic failure,
biliary cirrhosis or cholestasis (classified as Child-Pugh C),
(e) known intolerance of S/V or other components of the
drug, (f) history of angioedema, (g) concurrent treatment
with aliskiren in patients with diabetes mellitus or impaired
renal function (eGFR < 60 mL/min/1.73 m?), (h) serum
potassium level > 5.4 mmol/L, and (i) systolic blood pres-
sure (SBP) < 100 mmHg.

2.2 Study Procedures

At baseline (TO0), patients were asked for written informed
consent. Next to patient history and physical examination,
evaluations included 6-min walk-test, electrocardiogram
(ECG), echocardiography, blood chemistry, and non-
invasive assessment of haemodynamic variables by use
of inert gas rebreathing and bioimpedance cardiography.
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Echocardiography was performed by an experienced car-
diologist in our HF outpatients’ clinic. Echocardiographic
parameters included LVEEF, left ventricular internal end-
diastolic diameter (LVEDD), left ventricular internal end-
systolic diameter (LVESD), estimated systolic pulmonary
artery pressure (SPAP), inspiratory collapse of the inferior
vena cava (yes vs. no), mitral annular plane systolic excur-
sion (MAPSE), and parameters of diastolic left ventricular
function (E/E’ and E/A).

Haemodynamic measurements were performed after 10
min of rest using Innocor®, Innovision, Denmark for inert
gas rebreathing and CardioScreen 2000, Medis GmbH, Ger-
many for bioimpedance cardiography. Rebreathings were
performed in a closed system, which consisted of a three-
way respiratory valve connecting a facemask, an anti-static
rubber bag, and an infrared photo-acoustic gas analyser.
Patients rebreathed a gas mixture of nitrous oxide (N,O)
(0.5%) and sulphur hexafluoride (0.1%) in oxygen, diluted
with atmospheric air, from an anaesthesia bag of size 3-6 L,
depending on the patient’s sex, height and age. The rebreath-
ing manoeuvre was started after a normal expiration at a
breathing rate of 20/min. A constant ventilation rate was
ensured by having the patient breathe in synchrony with a
graphical tachometer on the computer screen, and a constant
ventilation volume was ensured by requesting the patient
to empty the rebreathing bag completely with each breath.
Rebreathing was typically performed over 5-8 breaths, of
which the last 2-3 breaths were used for the calculation of
pulmonary blood flow and cardiac index. Between the meas-
urements an interval of 5 min was strictly adhered to in order
to guarantee the complete elimination of N,O. The details of
cardiac index calculations using Innocor® inert gas rebreath-
ing have been described previously [11]. Bioimpedance car-
diography was performed by placing four pairs of standard
electrocardiographic electrodes on both sides of the neck
and both sides of the inferior aspect of the thorax at the level
of the xiphoid process with an inter-electrode gap of 5 cm.
Verification of the correct signal quality was accomplished
by visualization of the ECG, the impedance waveform and
its first derivative. Detailed descriptions of bioimpedance
cardiography parameters and their calculations have been
published elsewhere [12].

S/V was initiated with a dose of 24 mg/26 mg bid or
49 mg/51 mg bid according to the discretion of the refer-
ring physician. Patients with previous ACEI therapy were
instructed to await a 36-h wash-out period before starting
S/V treatment.

Evaluations were repeated at subsequent study visits after
2-week, 3-month, and 6-month follow-up.

2.3 Statistics

All tests were two-tailed, and p < 0.05 was regarded as statis-
tically significant. Variables are presented as mean + stand-
ard deviation, median (interquartile range) or number (%)
as appropriate. To compare frequencies, a Chi-squared test
or Fisher’s exact test were performed as appropriate. To test
the significant differences between two groups, the paired
Student’s ¢ test was used for normally distributed variables.
For variables not following a normal Gaussian distribution,
the Mann—Whitney U test was applied. Repeated-measures
ANOVA and the Kruskal-Wallis test were used to compare
continuous data between more than two groups.

The distribution of variables measured at each study visit
is shown using violin plots. The course of variables through-
out the study and the relationship between different vari-
ables were analysed using fractional polynomials. Fractional
polynomials are a flexible approach to modelling nonlinear
and asymmetric relationships since they allow the data to
determine the best fitting functional form [13].

3 Results
3.1 Patient Characteristics and Follow-Up

We enrolled a total of 37 patients who met the inclusion cri-
teria outlined above. Mean age at baseline was 61 + 13 years
and 29 patients (78%) were male. Eighteen patients (49%)
had HF of ischaemic origin, and the median NT-proBNP
concentration was 1702 (782-2897) pg/mL. All but two
patients were in NYHA (New York Heart Association) func-
tional class II or III, and functional capacity as measured by
the 6-min walk-test distance was mildly reduced (453 + 110
m). At baseline, all patients were treated with a beta-blocker
and ACEI/ARB, and all but one received a mineralocorti-
coid receptor antagonist. In addition, the majority of patients
(70%) were treated with a loop diuretic with a median dose
of 40 (40-75) mg furosemide per day. In 32 patients (86%),
S/V treatment was initiated with 24/26 mg twice daily (bid),
whereas five patients (14%) started treatment with 49/51
mg bid. The complete baseline characteristics of included
patients are shown in Table 1.

Subsequent study visits were performed after a median
of 14 (14-21) days (T1), 106 (95-126) days (T2), and 196
(183-210) days (T3), respectively. The number of patients
with available data from follow-up visits T1, T2 and T3 were
32,22 and 17, respectively.
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Table 1 Baseline characteristics of outpatients with HFrEF initiated

on S/V treatment

Characteristic Value
Men, n (%) 29 (78)
Age, years 61 + 13
SBP, mmHg 117 £ 16
DBP, mmHg 73 +11
HR, 1/min 72+ 12
Height, cm 176 +9
Weight, kg 92 +25
NYHA, n (%)

I 2 (6)

I 20 (56)

111 14 (39)
Aetiology of HF, n (%)

Ischaemic 18 (49)

Dilated 15 (41)

Other 4 (11)
LVEF, % 31+9
6 MWT, m 453 £ 110
Sodium, mmol/L 138 +3
Potassium, mmol/L 45+0.3
Creatinine, mg/dL 1.0 (0.9-1.2)
BUN, mg/dL 45+ 19
eGFR, mL/min 74 (61-86)
Osmolality, osmol/kg 291 +8
NT-proBNP, ng/L 1,702 (782-2,897)
TSH, mU/L 20+19
Hb, g/dL 139+1.3
Haematocrit, % 41 +4
Leukocytes, 1/nL 7.8 +2.3
Thrombocytes, 1/nL. 202 + 58
Prior treatment with ACEIL, n (%) 22 (59)
Prior treatment with ARB, n (%) 15 (41)
S/V start dose

24/26 mg bid, n (%) 32 (86)

49/51 mg bid, n (%) 5(14)

Dose equivalent, % 25 (25-50)
Beta blocker, n (%) 37 (100)
Beta blocker dose equivalent, % 75 (50-100)
MRA, n (%) 36 (97)
Ivabradine, n (%) 1(3)
Loop diuretics, n (%) 26 (70)
Loop diuretic equivalent dose, mg furosemide 40 (40-75)
Thiazide, n (%) 3(8)
Calcium antagonist, n (%) 4(11)
Digitalis, n (%) 2(5)
Amiodarone, n (%) 2(5)

S/V sacubitril/valsartan, SBP systolic blood pressure, DBP diastolic
blood pressure, HR heart rate, NYHA New York Heart Association
functional class, HF heart failure, LVEF left ventricular ejection
fraction, 6 MWT 6-min walk test, BUN blood urea nitrogen, eGFR
estimated glomerular filtration rate using the Modification of Diet in
Renal Disease equation, TSH thyroid stimulating hormone, Hb hae-
moglobin, ACEI angiotensin-converting enzyme inhibitor, ARB angi-
otensin receptor blocker, MRA mineralocorticoid receptor antagonist
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3.2 Heart Failure (HF) Symptoms and Functional
Capacity

During the study, seven patients (22%) experienced an
improvement of at least one NYHA class. The distribution of
NYHA classes at each study visit is shown in Fig. 1. There
was a statistically non-significant decrease in mean NYHA
functional class from 2.3 + 0.6 at baseline to 1.9 + 0.5 at
6-month follow-up (p = 0.14 for TO vs. T3, Fig. 2). In addi-
tion, functional capacity as measured by 6-min walk-test
distance improved from 453 + 110 m at baseline to 528 + 98
m at 6-month follow-up (p = 0.02 for TO vs. T3, Online Sup-
plementary Material (OSM) eFig. 1). Benefits were apparent
early after start of S/V treatment and continued to increase
during the study. Clinical HF burden was more severe in
patients receiving low-dose S/V treatment (OSM eFig. 2 and
OSM eFig. 3). At 6-month follow-up, there was a trend to a
decrease in loop diuretic dose from 40 (40-75)/55 + 39 to 40
(20-40)/42 + 22 mg furosemide dose equivalent (p = 0.07).
Detailed results are presented in OSM eTable 1.

3.3 Echocardiography

During the study, we observed a trend to an improvement
in LVEF (31 + 9% at TO vs. 36 + 12% at T3, p = 0.13) and
a significant reduction in SPAP (39 + 10 mmHg at TO vs.
31+10 mmHg at T3, p = 0.02, OSM eFigs. 4-7), with ben-
efits being visible after 3 months of treatment. The relation-
ship between S/V dosing and LVEF or sPAP, respectively,
was non-linear (OSM eFigs. 8 and 9). The proportion of
patients with an inspiratory collapse of the vena cava inferior
increased from 86% at baseline to 100% at T3 (p = 0.13).
However, other echocardiographic parameters including left-
ventricular end-diastolic and end-systolic diameters did not
change over the study (OSM eTable 2).

<
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1 2 3

study visit

Fig. 1 Distribution of NYHA functional class at each study visit.
NYHA New York Heart Association functional class
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Fig.2 Course of NYHA functional class throughout the study. NYHA
New York Heart Association functional class

3.4 Blood Chemistry

While the majority of laboratory variables were stable over
time, we observed a 42% decrease in NT-proBNP values
after 14 days of S/V treatment. NT-proBNP values remained
at lower levels thereafter. The distribution of NT-proBNP
values at each study visit is shown in OSM eFig. 10, while
Fig. 3 shows the course of NT-proBNP values throughout
the study. As depicted in OSM eFig. 11, the decrease in NT-
proBNP concentrations was greater in patients with high-
dose S/V therapy. A decrease in NT-proBNP was associated
with an almost linear increase in LVEF (OSM eFig. 12).
Detailed results of blood chemistry analyses are presented
in OSM eTable 3.

3.5 Haemodynamic Variables

Haemodynamic measurements obtained by inert gas
rebreathing or bioimpedance cardiography at each study
visit are presented in OSM eTable 4 and OSM eTable 5,
respectively. S/V initiation caused a prompt and sustained
decrease in systemic vascular resistance index (SVRI,
Fig. 4), and an immediate drop in cardiac index and stroke
volume (Fig. 5, OSM eFig. 13). However, cardiac index and
stroke volume recovered rapidly and increased to slightly
higher levels thereafter. High-dose S/V therapy was associ-
ated with a higher cardiac index and a higher stroke volume
(OSM eFig. 14 and eFig. 15). In addition, a high cardiac
index was associated with low NT-proBNP values and a
high LVEF (Fig. 6, OSM eFig. 16). NT-proBNP reductions
following S/V initiation were greater in patients with a low
cardiac index (OSM eFig. 17).
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Fig.3 Course of NT-proBNP values throughout the study. NT-
proBNP N-terminal probrain natriuretic peptide
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Fig.4 Course of SVRI throughout the study. SVRI systemic vascular
resistance index

3.6 Safety and Tolerability

During the study period, one patient (3%) died. S/V treat-
ment was discontinued in four patients (11%) because of
hyperkalaemia (n = 1) or rash (n = 3). A total of 16 patients
(43%) withdrew consent for study participation, predomi-
nantly because of the COVID-19 pandemic. Median S/V
dose at 6-month follow-up was 200 (200-400) mg, which
corresponds to a median dose equivalent of 50 (50-100)%.
A total of nine patients (24%) achieved the S/V target dose
of 97/103 mg bid.

After initiation of S/V therapy, there was a significant
decrease in SBP from 117 + 16 mmHg to 111 + 12 mmHg
at 2-week follow-up (p = 0.02). SBP remained at low levels
thereafter (Fig. 7). The relationship between SBP and SVRI
was U-shaped (OSM eFig. 18). There were two cases of
severe arterial hypotension (SBP < 90 mmHg), one in a
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patient taking 49/51 mg S/V bid and one in a patient treated
with 24/26 mg bid. As further blood pressure measurements
yielded SBP values > 90 mmHg, treatment was continued
in both cases. Mean serum potassium levels were 4.5 + 0.3
mmol/L at baseline and 4.4 + 0.3 mmol/L at 6-month fol-
low-up (p = 0.44). Renal function remained stable through-
out the study (OSM eTable 3).

4 Discussion

The present study explored the immediate, short- and inter-
mediate-term effects of S/V initiation on HF symptoms, car-
diac function, biomarkers and haemodynamics in 37 outpa-
tients with chronic HFrEF. We observed an early and lasting
improvement in both HF symptoms and functional capacity
after initiation of S/V. Our results are supported by a large
number of observational studies in patients with HFrEF [3,
14-28]. In a recent review on real-world data of S/V therapy,
22 out of 25 studies reported improvements in NYHA func-
tional class, although ten of these studies did not specify the
level of statistical significance [3]. In addition, we noticed a
42% decrease in median NT-proBNP concentrations after 2
weeks of treatment. This reduction was greater than the 28%
reduction reported in PARADIGM-HF after 8—10 weeks of
treatment [29]. The PARALLEL-HF trial, a randomised,
double-blind comparison of S/V with enalapril in Japanese
patients with HFTEF, reported a 21%, 23% and 30% decrease
in NT-proBNP after 2 weeks, 4 weeks and 6 months of treat-
ment with S/V, respectively [30]. In real-world studies, the
percentage decrease in NT-proBNP levels varied consid-
erably from 4 to 70% across 20 studies, and a statistically
significant decrease (p < 0.05) was observed in nine stud-
ies [3, 15, 19, 21, 23, 25, 28, 31-33]. In the present study,
we observed an almost linear inverse relationship between

CI (ml/min/m?)
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92

T
0 50 100 150 200 250
time (days)

Fig.5 Course of cardiac index throughout the study. CI cardiac index
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Fig.6 Relationship between NT-proBNP values and cardiac index.
NT-proBNP N-terminal probrain natriuretic peptide, CI cardiac index

changes in NT-proBNP and LVEEF. This finding is supported
by several mostly small observational studies [5, 34—41]. In
PROVE-HF, a multicentre observational prospective study
of 794 patients with HFrEF initiated on S/V, there was a
44% reduction in NT-proBNP values and a 9.4% increase in
LVEF at 12-month follow-up [5]. Similar to our study, most
of the NT-proBNP reduction occurred by the first follow-up
visit 2 weeks after initiation. The study found a weak yet
significant correlation between reductions in NT-proBNP
levels and improvements in markers of cardiac volume and
function at 12 months.

Contrary to prior reports [6, 34-38, 41], we did not
observe a significant improvement in echocardiographic LV
systolic or diastolic diameters or diastolic function during
S/V treatment. However, reductions in previous studies were
numerically small and it is possible that the sample size in
the present study was too small to detect slight differences
in LV diameters or measures of diastolic function. Notably,
LV diameters remained stable despite a reduction in loop
diuretic dose during the study. In addition, we observed a
significant reduction of sPAP after start of S/V therapy. A
similar finding was reported from other observational studies
[6, 35, 37, 39, 40].

In the present study, non-invasive measurements of
haemodynamics revealed that the decrease in SBP following
S/V initiation was associated with a simultaneous decrease
in cardiac index, stroke volume and SVRI. However, stroke
volume and cardiac index recovered rapidly after start of
treatment and increased to slightly higher levels thereafter,
whereas SVRI and SBP remained at low levels. We can only
speculate about the mechanisms behind this striking finding.
We hypothesise that immediate changes in haemodynamic
variables and SBP may be caused by direct vasodilatory
effects of S/V, whereas intermediate increases in stroke
volume and cardiac index may result from reverse cardiac
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Fig.7 Course of systolic blood pressure during the study. SBP sys-
tolic blood pressure

remodelling induced by S/V. To the best of our knowledge,
the present study is the first to explore the short-term and
intermediate-term haemodynamic effects of S/V in out-
patients with chronic HFrEF. A study of 25 patients with
acutely decompensated HF reported stable invasive measure-
ments of cardiac index immediately after start of S/V ther-
apy [42]. However, study patients were critically ill, requir-
ing intravenous vasoactive medication, and haemodynamic
measurements were only available in the first days after start
of treatment. Thus, results may not be transferable to patients
with stable chronic HFrEF. A recent observational study of
60 outpatients with HFrEF reported a significant increase in
cardiac index as determined by echocardiography after up to
2 years of S/V treatment [40]. However, as the first follow-up
assessment of cardiac index was performed 6 months after
therapy initiation, the study does not provide any data on
short-term haemodynamic effects of S/V. It is here that our
study expands current knowledge.

In the present study, we observed that benefits of S/V
tended to be higher in patients with high-dose S/V treat-
ment. Similarly, a dose-dependent effect on change in
LVEF was noted in two observational studies, with higher
S/V doses leading to more reverse remodelling [34, 43]. In
PARADIGM-HF, S/V dose reduction was associated with
a higher risk of major cardiovascular events [44]. However,
the magnitude of benefit for patients on lower doses of S/V
relative to those on lower doses of enalapril was similar to
that of patients who remained on target doses of both drugs.
Thus, although patients who do not tolerate a high S/V dose
may be at higher cardiovascular risk, patients may still ben-
efit from S/V therapy.

In our study, the median S/V dose at 6-month follow-up
was considerably lower than that administered in PARA-
DIGM-HF. Because a run-in period was designed in PARA-
DIGM-HF, patients who did not tolerate target doses of HF

drugs were excluded from the trial, and study patients would
directly be assigned to target doses after randomisation. In
contrast, in real-world practice, S/V is usually initiated at
a low dose with subsequent up-titration to prevent adverse
events. However, real-world studies show unanimously that
most patients do not achieve the S/V target dose [3, 4, 45].
In clinical practice, the main adverse event and deterrent to
up-titration is symptomatic hypotension, followed by ris-
ing serum potassium levels and worsening renal function
[3, 46—48]. Hypotension was also one of the most frequent
causes for dose reduction in PARADIGM-HF participants
[44]. The TITRATION trial compared the tolerability and
safety of S/V up-titration over 3 and 6 weeks in 498 patients
with HFrEF [49]. In TITRATION, 76% of patients achieved
and maintained the S/V target dose over 12 weeks irrespec-
tive of the titration regimen as compared to only 24% in the
present study. While most baseline characteristics of patients
included in TITRATION were similar to those in our cohort,
mean baseline SBP in TITRATION was significantly higher
than in our study (131 & 16 vs. 117 + 16 mmHg). Therefore,
patients may have better tolerated the SBP-lowering effect of
S/V, resulting in more successful up-titration.

Despite the significant decrease in SBP, S/V treatment
was well tolerated, with four patients (11%) terminating
therapy due to side effects. Treatment discontinuation was
less frequent than in the PARADIGM-HF and TITRATION
trials, where discontinuation rates were 18.8% and 13.9%,
respectively [1, 49]. In real-world studies, S/V discontinu-
ation rates varied largely from 2 to 35.7% [3-5]. It is likely
that physicians in our HF outpatients’ clinic follow a con-
servative dose-escalation strategy that focuses on treatment
tolerability instead of dose escalation.

5 Limitations

Our study has several limitations. First, the number of
included patients is rather small, which may impede sta-
tistical analyses. Second, patient selection may be biased
since we included patients from a sole university hospital
outpatients’ clinic. However, baseline characteristics of
study participants resemble those of patients enrolled in
PARADIGM-HF, suggesting that study patients may be
representative of ambulatory HFrEF cohorts. Third, the
explanatory power of our study is limited by a high drop-
out rate. Because of the COVID-19 pandemic, almost half
of the study patients (n = 16, 43%) withdrew their consent
for further study participation. Although our HF outpatients’
clinic has offered routine care to all HF patients since the
start of the COVID-19 pandemic, the fear of infection made
a significant number of HF patients cancel their regular
check-ups. Similarly, a US nationwide representative survey
reported that an estimated 40.9% of US adults have avoided
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medical care during the pandemic because of concerns about
COVID-19 [50]. Fourth, our study lacks a control group.
However, as HF treatment with S/V is recommended by
international guidelines, a placebo-controlled trial may
be considered unethical. Lastly, we cannot comment on
the accuracy of bioimpedance cardiography and inert gas
rebreathing as we did not perform invasive verification of
haemodynamic measurements. However, both methods have
previously shown acceptable agreement with haemodynamic
values obtained by thermodilution [8, 9, 51] and high preci-
sion [9, 11, 51, 52] — a prerequisite for the interpretation of
serial measurements of haemodynamic variables.

6 Conclusion

In outpatients with chronic HFrEF, initiation of S/V causes
an immediate decrease in SBP, SVRI, stroke volume and
cardiac index. While SBP and SVRI remain at low levels
during further treatment, stroke volume and cardiac index
recover rapidly and increase to slightly higher levels thereaf-
ter. S/V initiation results in early and lasting improvements
in HF symptoms, functional capacity, echocardiographic
parameters of cardiac function and natriuretic peptides.
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