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Background: Heart failure (HF) is a growing public health problem. Sacubitril/valsartan is now recommended 
to be used in persistently symptomatic patients with left ventricular ejection fraction (LVEF) <40%, replacing 
angiotensin-converting enzyme inhibitors (ACEis)/angiotensin receptor blockers (ARBs). In the present study, we 
aimed to characterise the challenges of sacubitril/valsartan use in everyday clinical practice. 
Methods: We assessed the medical records of patients with HF and reduced ejection fraction eligible for 
sacubitril/valsartan attending a HF clinic at a Portuguese University Hospital during 2018 (n=152). The 
number of eligible patients receiving the drug and the reasons for not prescribing sacubitril/valsartan were 
evaluated. Additionally, we assessed the tolerability of maximal doses of sacubitril/valsartan. New York Heart 
Association functional class (NYHA class) and LVEF before and after up-titration to maximal tolerated 
sacubitril/valsartan dose were compared. Median follow-up was 41 months. 
Results: Of the 152 included patients, 75 (49%) were prescribed the drug. The two main reasons for 
non-prescription were patient financial barriers (31%) and hypotension (27%). Only 33% of patients on 
sacubitril/valsartan did reach maximal dose. Hypotension was the main limiting factor for dose optimisation. 
Duration of sacubitril/valsartan treatment showed a positive association with LVEF improvement during 
follow-up (6.6% absolute LVEF increase/year). NYHA functional class improved significantly from baseline 
through the end of follow-up. 
Conclusions: In every-day clinical practice, although sacubitril/valsartan was associated with a marked 
improvement in NYHA class and in LVEF, important financial and clinical barriers to the implementation of 
this therapy were identified. 
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Introduction

Heart failure (HF) is a growing public health problem 
with 26 million people worldwide being affected (1). Its 
prevalence is estimated to increase by 25% during the next 
decade (2). HF represents a heavy economic burden mainly 
due to hospitalizations (1). The latter are mainly associated 
with increased morbidity and mortality (3). In fact, it has 
been reported that HF mortality is higher than that of most 
common cancers (4,5). 

Triple neurohormonal blockade, with the combination 
of an angiotensin-converting enzyme inhibitor (ACEi) or 
an angiotensin receptor blocker (ARB), a β-blocker (BB) 
and a mineralocorticoid receptor antagonist (MRA) was 
the standard therapy for HF with reduced ejection fraction 
(HFrEF) until the PARADIGM-HF study was published 
in 2014 (6). In PARADIGM-HF, sacubitril/valsartan, an 
angiotensin-receptor/neprilysin inhibitor (ARNI), reduced 
cardiovascular mortality and HF hospitalizations compared 
to enalapril (6). The findings of this study established 
neurohormonal modulation as the new paradigm in HFrEF 
therapy (7). In fact, sacubitril/valsartan not only blocks the 
renin-angiotensin-aldosterone system (a regulatory system) via 
valsartan but, additionally, enhances the natriuretic peptides 
system (a counter-regulatory system) via sacubitril (8).

Current HFrEF guidelines recommend that,  in 
persistently symptomatic patients, ACEis/ARBs should be 
replaced by sacubitril/valsartan (7,9).

Patients included in randomized clinical trials such as 
PARADIGM-HF are frequently selected according to strict 
inclusion and exclusion criteria. Thus, they do not fully 
represent the HF-population found in everyday clinical 
practice (10-12). This highlights the relevance of studies 
conducted in real-life settings, to identify possible barriers 
to the implementation of therapeutic strategies developed 
in more controlled conditions.

The present study evaluated the use of sacubitril/
valsartan in real-life clinical practice conditions. It was 
conducted in a University Hospital outpatient HF-Clinic. 
We analysed sacubitril/valsartan rates of prescription, 
dosage, prescription-limiting factors and down-titration or 
discontinuation factors. We aimed to identify barriers to the 
full implementation of sacubitril/valsartan in daily clinical 
practice.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/cdt-21-312). 

Methods

Study design

This is a retrospective observational study conducted at an 
outpatient HF-Clinic of a Portuguese University Hospital 
Centre. 

Setting

All consecutive patients with HFrEF attending the Heart 
Failure Clinic of the Cardiology Department of S. João 
University Hospital (CHUSJ), Porto, Portugal, during 
2018 were screened for inclusion. Each patient’s 2018 
first appointment was defined as the patient’s index visit in 
terms of the present study. After inclusion into the study, 
each patient’s medical records occurring from January 1st, 
2016 up to December 31st, 2019 were reviewed in order 
to encompass each patient’s total time under sacubitril/
valsartan. All procedures were conducted in accordance 
with the tenets of the Declaration of Helsinki (as revised in 
2013). The protocol was approved by the S. João University 
Hospital Health Ethics Committee (No. 428-19). Since this 
was a study based on secondary data collection, the need 
for a written informed consent was waived by the Ethics 
Committee.

Participants

Patients were considered candidates for sacubitril/
valsartan therapy if they were 18 years or older, with HF 
diagnosis according to the 2016 European Society of 
Cardiology (ESC) Heart Failure Guidelines (7), with left 
ventricular ejection fraction (LVEF) <40% evaluated by 
2D-echocardiography, and symptomatic (NYHA class  
II–IV), despite optimal therapy with ACEi or ARB in 
addition to a beta-blocker and an MRA, at any appointment 
in the follow-up period, as per current guidelines (7,9). 
Patients in NYHA I at the date of sacubitril/valsartan 
prescription were excluded from this study. No other 
exclusion criteria were applied.

Variables

Quantitative and qualitative data were collected from each 
patient’s electronic health records, including age, sex, HF 
aetiology, NYHA functional class, HF signs and symptoms, 
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echocardiographic data, blood and urine laboratory data 
and medication history. The presence of comorbidities, 
namely diabetes mellitus, dyslipidaemia, hypertension, 
and renal failure was registered when explicitly stated in 
clinical records. The primary outcome was the proportion 
of sacubitril/valsartan candidates who were prescribed with 
this drug. We have also assessed the reasons preventing 
patients from undergoing optimal therapy. Additionally, 
we explored the evolution in LVEF, left ventricular end-
diastolic volume and mass, NYHA class, congestion signs 
and estimated glomerular filtration rate (eGFR) in patients 
treated with sacubitril/valsartan.

Data sources management

Only laboratory data originated within a 3-month period 
window regarding each appointment and echocardiographic 
data originated within a 6-month window regarding the 
appointment were considered. Obesity was defined by a 
body mass index (BMI) >30 kg/m2. 

Renal failure was considered clinically relevant only 
in patients presenting chronic kidney disease stage ≥3  
(eGFR <60 mL/min/1.73 m2), evaluated by the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-
EPI) formula. Medication records were reviewed. For 
each neurohormonal blocker, the dose was converted 
into the equivalent of a reference drug: enalapril for 
ACEis, candesartan for ARBs, bisoprolol for BBs, and 
spironolactone for MRAs. The target dose of sacubitril/
valsartan was the one referred on the 2016 ESC HF 
guidelines (7) of 97/103 mg bid. Reasons for not prescribing 
sacubitril/valsartan, or for sacubitril/valsartan dose up-
titration failure, dose-reduction, or drug withdrawal were 
collected from clinical files or marked as unknown when no 
information was available. 

Bias

This study was only performed in one Heart Failure Clinic 
from the North of Portugal. This may constitute a source 
of bias. 

Study size

The study includes all the patients that attended the 
Heart Failure Clinic of the Cardiology Department of 
S. João University Hospital (CHUSJ), Porto, Portugal, 
during 2018.

Statistical analysis 

Statistical analyses and data management were performed 
with MS Excel and R Studio using R software, version 3.6.2 
(R Foundation for Statistical Computing). Continuous 
variables were expressed as mean and standard deviation 
when normally distributed, and as median and interquartile 
range (IQR) otherwise. Categorical variables were 
summarized as counts and percentage of total sample for 
each class. Missing data cases were excluded from the 
number of cases in each calculation. A linear regression 
model was used to assess the change in LVEF over time 
after initiation of sacubitril/valsartan. The Wilcoxon paired-
samples sign rank test was used to assess differences in the 
distribution of NYHA class and in eGFR in patients before 
and after treatment with sacubitril/valsartan. McNemar 
test was used to assess the difference in the presence of 
congestion signs before and after treatment with sacubitril/
valsartan. Statistical significance was set at P<0.05, two-
tailed.

Results

Patients’ characteristics at the 2018 index visit

A total of 537 patients with HF were seen at the outpatient 
HF-Clinic during 2018. Overall, 152 patients met our 
inclusion criteria. The median LVEF was 28% (IQR, 
22–33%). Patients’ characteristics at index visit are listed in 
Table 1. Mean age was 62.2±9.9 years and 105 (69%) were 
men.

In 64 (42%) patients, HF aetiology was ischaemic 
heart disease. Regarding cardiovascular risk factors, 107 
(70%) of patients had dyslipidaemia, 80 (53%) a smoking 
history, 73 (49%) hypertension, 58 (38%) diabetes mellitus 
and 53 (37%) were obese. In 44 (34%) patients eGFR  
was <60 mL/min/1.73 m².

Patients were followed up for a median of 40.6 (IQR, 29.8–
35.8) months. Each patient attended a median of 3.2 (IQR, 
2.6–4.4) appointments per year. The median time of treatment 
with sacubitril/valsartan was 10.4 (IQR, 6.8–15.7) months.

Eligible patients prescribed with sacubitril/valsartan and 
reasons preventing optimal therapy

Only 75 (49% of all candidates) were on sacubitril/valsartan 
at the index visit (Figure 1). 

The main reasons for non-prescription were financial 
barriers (31%), hypotension (27%) and renal failure (14%). 
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In 17 (22%) patients no cause was listed for sacubitril/
valsartan non-prescription. Results are summarised in  
Table 2. 

Twenty-one of the 75 patients on sacubitril/valsartan 
were still on drug up-titration at the end of follow-up and 
were withdrawn from further analysis as they had still not 
reached their maximal tolerated dose (Figure 2).

Of the remaining patients, 18 (33%) tolerated the 
sacubitril/valsartan target dose of 97/103 mg bid, and 
32 (59%) patients were under a suboptimal sacubitril/
valsartan dose. In 4 (7%) patients sacubitril/valsartan was 
discontinued.

Reasons for sacubitril/valsartan dose-downgrading, 
withdrawal or inability to reach target dose (97/103 mg 
bid) were hypotension (53%), hyperkalemia (14%) and 
renal failure (11%) (Table 3). Other reasons (8%) included 
diarrhoea and financial barriers. In 14% of patients no 
reason for suboptimal dose was identified. 

LVEF, NYHA class, congestion signs and renal function 
changes in patients under sacubitril/valsartan

We observed a positive association between the duration 
of sacubitril/valsartan treatment and the magnitude of 
LVEF improvement and of left ventricle (LV) end-diastolic 
volume reduction during follow-up. A linear regression 
model evidenced an absolute 6.6% LVEF increase per year 
of sacubitril/valsartan treatment (P=0.012) (see Appendix 1, 
Figure S1) and an absolute 58 mL decrease in left ventricular 
end-diastolic volume (P=0.025). No other statistically 
significant echocardiographic changes were observed during 
follow-up, an observation that must be taken with caution 
taking into account the limited number of patients.

In patients under sacubitril/valsartan for a minimum of 
6 months a statistically significant improvement in NYHA 
class was observed (P<0.001) (Figure 3).

No significant difference was found between the 
presence of signs of congestion at baseline visit and at the 
end of follow-up (P=0.109).

eGFR median values showed a slight decrease between 
the beginning of treatment with sacubitril/valsartan and the 
end of follow-up [median =79 (IQR, 65–93) mL/min/1.73 m2  
vs. median =78 (IQR, 53–92) mL/min/1.73 m2; P=0.017].

Discussion

In our retrospective study, we included all candidates for 
sacubitril/valsartan attending an outpatient HF-Clinic 

Table 1 Patient characteristics at the 2018 index visit

Variables Value

Age (years), mean ± SD 62.2±9.9

Male sex, n (%) 105/152 (69.1)

BMI (kg/m2), mean ± SD 28.5±4.9

Ischaemic aetiology, n (%) 64/152 (42.1)

Risk factors, n (%)

Dyslipidaemia 107/152 (70.4)

Hypertension 73/150 (48.7)

Obesity 53/142 (37.3)

Ex-smoker 56/152 (36.8)

Current smoker 24/152 (15.8)

Diabetes mellitus 58/151 (38.4)

NYHA class*, n (%)

I 9/151 (6.0)

II 107/151 (70.9)

III 31/151 (20.5)

IV 4/151 (2.6)

SBP (mmHg), mean ± SD 116.1±17.3

DBP (mmHg), mean ± SD 67.8±10.4

HR (bpm), mean ± SD 67.8±10.8

BNP (pg/mL), median (IQR) 156.0 (91.5–290.0)

LVEF (%), median (IQR) 28.0 (22.0–33.0)

Creatinine (mg/dL), median (IQR) 0.9 (0.8–1.1)

CKD stage, n (%)

1 33/131 (25.2)

2 50/131 (38.2)

3 37/131 (28.2)

4 7/131 (5.3)

5 0/31 (0.0)

Potassium (mmol/L), mean ± SD 4.5±0.6

Medication, n (%)

ACEis 116/152 (76.3)

ARBs 24/152 (15.8)

BBs 144/152 (94.7)

MRAs 134/152 (88.2)

ARNi 7/152 (4.6)

*, the data for NYHA class reflect the status of patients at the 
time of index visit. Patients were required to have displayed at 
least NYHA class II symptoms at any point of the follow-up peri-
od. BMI, body mass index; NYHA, New York Heart Association; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HR, heart rate; BNP, B-type natriuretic peptide; LVEF, left 
ventricular ejection fraction; CKD, chronic kidney disease; ACEi, 
angiotensin-converting enzyme inhibitor; ARB, angiotensin 
II receptor blocker; BB, β-blocker; MRA, mineralocorticoid 
receptor antagonist; ARNi, angiotensin receptor-neprilysin 
inhibitor; SD, standard deviation; IQR, interquartile range. 

https://cdn.amegroups.cn/static/public/CDT-21-312-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-21-312-Supplementary.pdf
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of a University Hospital Centre during 2018 (n=152). 
After inclusion in the study, all patients’ medical records 
from January 1st, 2016 up to December 31st, 2019 were 
reviewed.

During that 4-year period, only 49% of the candidates 
initiated the drug. The main reasons for sacubitril/valsartan 
non-prescription were financial barriers, hypotension and 
renal failure. In 22% of patients no cause was listed for 
sacubitril/valsartan non-prescription.

Only 33% of the patients on sacubitril/valsartan 
tolerated the 97/103 mg bid target dose. The main reasons 
for sacubitril/valsartan dose-downgrading, drug withdrawal 
or inability to reach 97/103 mg bid were hypotension, 
hyperkalemia and renal failure.

An absolute 6.6% LVEF increase per year of sacubitril/
valsartan treatment was observed, as well as a significant 
improvement in NYHA class in those under the drug for a 
minimum of 6 months.

PARADIGM-HF and PROVE-HF studies

In the landmark controlled, double-blinded randomized 
PARADIGM-HF study (n=8,399; 1,043 participating 
centres) sacubitril/valsartan proved to reduce cardiovascular 
mortality, total mortality, HF hospitalizations (6) and 
clinical deterioration (13) compared to enalapril. In 
addition to a positive impact in NYHA functional class (13),  
more recent evidence derived from the prospective, 
12-month follow-up, single-group, open-label PROVE-HF 
study (n=794; 78 participating centres) showed a positive 
impact of sacubitril/valsartan on LVEF and LV remodelling 
in HFrEF patients (14).

Differences and similarities amongst the 3 studies 

Comparison of the above 2 studies and our study show some 
differences in setting, design, population size and objectives 
(Table 4), albeit also some similarities. Patients’ age and sex, 
and baseline LVEF, natriuretic peptides and creatinine were 
similar. HF aetiology in PARADIGM-HF and in PROVE-
HF was more frequently ischemic heart disease, and patients 
were more frequently hypertensive than in our study. Patients 
in PROVE-HF had a higher BMI and were more frequently 

N=152

Sacubitril/valsartan
 was initiated?

77 patients did not initiate 
sacubitril/valsartan

	Financial barriers

	Hypotension

	Renal failure

	Other

	Unknown

75 patients initiated 
sacubitril/valsartan

Yes

Why?

No

Figure 1 Disposition of patients during the study.

Table 2 Reasons for sacubitril/valsartan non-prescription among 
candidates who were not on the drug 

Reason for non-prescription Patients (n=77), n (%)

Financial barriers 24 (31.2)

Hypotension 21 (27.3)

Renal failure stage ≥3* 11 (14.3)

eGFR <30 mL/min/1.73 m2 6 (7.8)

Other# 4 (5.2)

Unknown/not listed 17 (22.1)

*, eGFR <60 mL/min/1.73 m²; #, age and adverse effects, 
including cough and diarrhoea. eGFR, estimated glomerular 
filtration rate.
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diabetic than in PARADIGM-HF and in our study.

Patients not prescribed with sacubitril/valsartan

In all 3 studies it is noticeable that a sizable proportion of 
candidates for sacubitril/valsartan were not prescribed with 
this therapy and this occurred more frequently in our case. 
In our study, 51% of the candidates for sacubitril/valsartan 
did not initiate the drug. This was attributed to financial 
barriers, hypotension or renal failure. In almost one quarter 
of patients who did not initiate sacubitril/valsartan, no cause 

75 patients initiated 
sacubitril/valsartan

Did patient reach a 
stable dose during 

follow-up?

Tolerated 
103 mg/97 mg 

b.i.d.?

Yes

Yes

No

No

21 patients 
were withdrawn

54 patients reached 
their maximal 
tolerated dose

36 patients did 
not tolerate target 

recommended dose

32 patients were 
treated with 

suboptimal dose

4 patients 
discontinued 

sacubitril/valsartan

18 patients tolerated 
target recommended 

dose

Why?

Hypotension
Hyperkalemia
Renal failure

Other

Figure 2 Disposition of patients according to tolerability of target recommended sacubitril/valsartan doses.

Table 3 Reasons for sacubitril/valsartan under-titration among 
patients not tolerating target recommended dose

Reason for under-titration Patients (n=36)*, n (%)

Hypotension 19 (52.8)

Hyperkalemia 5 (13.9)

Unknown 5 (13.9)

Renal Failure 4 (11.1)

Other 3 (8.3)

*, patients still under sacubitril/valsartan up-titration at the end 
of follow-up were withdrawn from this analysis.
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was listed for non-prescription.
Current ESC guidelines contraindicate sacubitril/valsartan 

only in patients with stage 5 renal failure (7). In our case, 
chronic kidney disease was a frequent reason for sacubitril/
valsartan non-prescription, even though only half of the 
patients had an eGFR under 30 mL/min/1.73 m2. This 
inconsistency with what is proposed by the ESC guidelines 
may represent the physicians’ reluctance to tap into 
uncharted areas of clinical response to a relatively new drug. 

In PARADIGM-HF, during the run-in period, 12% 
of the patients stopped sacubitril/valsartan because of 
an adverse event, most frequently cough, hyperkalemia, 
hypotension or renal dysfunction (6). After randomization, 
except for discontinuations owing to death, sacubitril/
valsartan was discontinued in another 18% due to several 
reasons, which in 11% of all patients (60% of all that 
discontinued sacubitril/valsartan), was an adverse event (6). 
In PROVE-HF 18% of patients stopped sacubitril/valsartan 
prematurely (14).

It is clear that sacubitril/valsartan may need to 
be discontinued for a number of clinical reasons as 
hyperkalemia, hypotension, or renal dysfunction and 
these side-effects must be cautiously monitored. However, 
financial barriers for the implementation of this life-saving 
therapy, as occurred in our case, are unacceptable from an 
ethical standpoint, especially given that sacubitril/valsartan 
has proved to be cost-effective vs. enalapril in patients with 
HFrEF (15-20). The magnitude of this problem should 
promote a wide discussion over the co-payment share of 
sacubitril/valsartan. 

The absence of an explicit reason not to initiate 

sacubitril/valsartan in 22% of patients not on the drug, 
observed in our study, may reflect therapeutic inertia and 
requires special attention. 

Treatment doses

In PARADIGM-HF, sacubitril/valsartan mean total daily 
dose at last assessment was 375±71 mg. In PROVE-HF, by 
the end of the study, the maximum sacubitril/valsartan dose 
was 97/103 mg bid in 65% patients, 49/51 mg bid in 21%, 
and 24/26 mg bid in 14%. Reasons for not reaching target 
doses in PROVE-HF included symptomatic hypotension 
in 5%, kidney dysfunction in 2%, and hyperkalemia in 
1% of patients. The much lower rate of target doses of 
sacubitril/valsartan amongst our patients, as compared to 
PARADIGM-HF and PROVE-HF, may reflect the higher 
prevalence of hypertension in PARADIGM-HF and in 
PROVE-HF and the higher BMI of PROVE-HF patients 
as compared to our population. Additionally, the aggressive 
titration protocol used in PARADIGM-HF with dose up-
scaling every 2 weeks under blood pressure, creatinine and 
serum potassium control may be difficult to replicate in 
the everyday clinical conditions of a real-world HF-clinic. 
Nevertheless, and again, an element of clinical inertia and/
or reluctance due to adverse events may be present and 
must be addressed.

Other prescription constraints 

Several patients’ records lacked a reason for sub- or non-
prescription of sacubitril/valsartan. We draw on some of 
the characteristics of real-life clinical practice in a tertiary 
hospital to provide a possible explanation for this.

Firstly, the pressure associated with an overloaded 
appointment schedule, allowing for very little time in 
each visit, partially decreases the quality of provided care. 
Secondly, the logistic mismatch between the time of the 
visits and the availability of exams’ results often prevents 
the physician from having a safe ground to prescribe 
at an ideal pace. Thirdly, the lack of a clearly defined 
protocol for the management of patients in this clinic may 
contribute to insecurity in further advancing the treatment 
of an apparently stabilised patient. Lastly, the belief that 
a patient who consistently shows no deterioration of their 
status is stabilised may prove dangerous, as some of them 
may rapidly evolve to develop a fatal arrhythmia from a 
supposedly innocuous NYHA II background.

Figure 3 Changes in NYHA functional class in patients who 
were under therapy with sacubitril/valsartan for at least 6 months. 
NYHA, New York Heart Association.
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Impact in patients under sacubitril/valsartan

It is frequently argued that randomized controlled clinical 
trials’ populations are often over-selected and may not 
represent the real-life populations for which the tested 
drug is clinically indicated (10-12). Our study analysed a 

real-life clinical setting with all the constraints found in 
everyday clinical practice. Despite all the above, it is worth 
noticing that a positive impact on soft endpoints such as 
NYHA functional class and LVEF was replicated in our 
unselected (all-comers) population. This is in line with data 

Table 4 Patient characteristics at index visit in present study, PARADIGM-HF and PROVE-HF

Variables Our study (n=152) PARADIGM-HF (n=4,187) PROVE-HF (n=794)

Age (years), mean ± SD 62.2±9.9 63.8±11.5 65.1±12.4

Female sex, n (%) 47/152 (30.9) 879 (21.0) 226 (28.5)

Ischaemic aetiology, n (%) 64/152 (42.1) 2,506 (59.9) 426 (53.7)

Risk factors, n (%)

Obesity 53/142 (37.3) NA NA

Elevated blood pressure 73/150 (48.7) 2,969 (70.9) 699 (88.0)

Dyslipidaemia 107/152 (70.4) NA NA

Diabetes mellitus 58/151 (38.4) 1,451 (34.7) 361(45.5)

Smoking history 80/152 (52.6) NA NA

NYHA class, n (%)

I 9/151 (6.0) 180 (4.3) 0 (0.0)

II 107/151 (70.9) 2,998 (71.6) 558 (70.3)

III 31/151 (20.5) 969 (23.1) 222 (28.0)

IV 4/151 (2.6) 33 (0.8) 14 (1.8)

Systolic blood pressure (mmHg), mean ± SD 116.1±17.3 122.0±15.0 124.5±15.9

Heart rate (beats/min), mean ± SD 67.8±10.8 72.0±12.0 72.2±11.3

Body mass index (kg/m2), mean ± SD 28.5±4.9 28.1±5.5 31.3±6.9

BNP (pg/mL), median (IQR) 156 (92–290) 255 (155–474) NA

NT-proBNP (pg/mL), median (IQR) NA 1,631 (885–3,154) 816 (332–1,822)

LVEF (%), median (IQR)/mean ± SD 28.0 (22.0–33.0) 29.6±6.1 28.2 (24.0–32.0)

Creatinine (mg/dL), median (IQR)/mean ± SD 0.9 (0.8–1.1) 1.1±0.3 NA

CKD stage, n (%)

1 33/131(25.2) NA 443 (55.8) eGFR  
>60 mL/min/1.73 m2

2 50/131 (38.2) NA

3 37/131 (28.2) NA 351 (44.2) eGFR  
≤60 mL/min/1.73 m2

4 7/131 (5.3) NA

5 0/131 (0.0) NA

Potassium (mmol/L), mean ± SD 4.5±0.6 NA NA

SD, standard deviation; NA, not available; NYHA, New York Heart Association; BNP, B-type natriuretic peptide; IQR, interquartile range; 
NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular ejection fraction; CKD, chronic kidney disease; eGFR, 
estimated glomerular filtration rate.
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derived from PARADIGM-HF (13) and the observed data 
in PROVE-HF (14). The impact of sacubitril/valsartan on 
LVEF in HFrEF may be explained by its potential to blunt 
adverse cardiac remodeling in HFrEF, as demonstrated in 
previous studies (21).

Although there is evidence supporting an improvement in 
clinical signs of congestion with sacubitril/valsartan (22), no 
significant difference was observed in our study. This may be 
explained by the fact that most patients in our study did not 
show signs of congestion in the analysed outpatient visits.

Finally, in our study, patients treated with sacubitril/
valsartan showed a decline in eGFR. This is consistent with 
previous clinical trials with sacubitril/valsartan (23,24) and 
is an expected result, since a worsening renal function is 
frequent in HF patients (25). 

Limitations

This study has several limitations. Firstly, its observational, 
single-group design hampers group comparisons or effect 
assessment. Secondly, data was retrospectively collected 
from records whose main purpose was not clinical research, 
and that posed problems regarding missing and incomplete 
variables. Particularly, parameters such as N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) levels and 
quality of life indicators were not available as they were not 
assessed by routine at our clinic. Thirdly, accounting for 
cardiac resynchronization therapy defibrillator (CRT-D) 
and implantable cardioverter defibrillator (CDI) devices and 
controlling for the long-term effect of previous ACEi/ARB 
therapy and their potential influence in estimating gains 
with sacubitril/valsartan therapy in real life clinical settings 
has not been considered. Similarly, it should be noted 
that simultaneous therapy with SGLT2 inhibitors was not 
assessed, although they have recently been demonstrated 
to improve systolic and diastolic function in HF (26,27). 
Fourthly, having conducted this study in a single centre 
raises difficulties when generalising the findings to a 
broader population, such as the entire Portuguese HFrEF 
population.

Conclusions

In everyday clinical conditions, although sacubitril/valsartan 
was associated with a marked improvement in NYHA 
functional class and in LVEF, important financial and 
clinical barriers to the implementation of this therapy were 
identified. 
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Appendix 1

Methods

A linear regression model was used to assess the change in left ventricular ejection fraction (LVEF) over time after initiation 
of sacubitril/valsartan. 

Results

The duration of sacubitril/valsartan treatment was positively associated with the magnitude of LVEF improvement during 
follow-up. A linear regression model evidenced an absolute 6.6% LVEF increase per year of sacubitril/valsartan treatment 
(P=0.012).

## Call:

## lm(formula = dif_lvef ~ t_after, data = impact_sac)

## 

## Residuals:

##     Min      1Q  Median      3Q     Max 

## -13.233  -5.845  -3.367   4.478  23.104 

## 

## Coefficients:

##             Estimate Std. Error t value Pr(>|t|)  

## (Intercept)    1.278      2.943   0.434   0.6676  

## t_after       6.561      2.425   2.705   0.0119 *

## ---

## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

## 

## Residual standard error: 9.164 on 26 degrees of freedom

##   (40 observations deleted due to missingness)

## Multiple R-squared:  0.2196, Adjusted R-squared:  0.1896 

## F-statistic: 7.317 on 1 and 26 DF,  p-value: 0.01189

Figure S1 Regression model output, R 3.6.2. dif_lvef, difference of LVEF (%); t_after, time after initiating treatment (months); LVEF, left 
ventricular ejection fraction.
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