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Abstract

Background: This study evaluated the cardioprotective effects of 
angiotensin receptor-neprilysin inhibitor (ARNI) therapy in patients 
with heart failure (HF), focusing on blood pressure (BP) and cardiac 
or renal function.

Methods: A total of 46 patients who started ARNI therapy between 
December 2020 and March 2023 were included. Blood tests, echo-
cardiography, and assessments of BP and cardiac function including 
N-terminal pro-brain natriuretic peptide (NT-proBNP) in blood were 
performed before and 6 months after they started ARNI therapy. The 
patients were divided into two groups: heart failure with reduced left 
ventricular (LV) ejection fraction (HFrEF) and non-HFrEF.

Results: Before treatment, the mean NT-proBNP level was 550 pg/
mL, LVEF was 45%, and the estimated glomerular filtration rate 
(eGFR) was 52.7 mL/min/1.73 m2 in all patients. After 6 months of 
ARNI therapy, NT-proBNP levels significantly decreased to 462 pg/
mL (P < 0.01), LVEF improved to 52% (P < 0.01), and BP showed a 
slight reduction, particularly in patients with high baseline BP. eGFR 
remained stable (P = 0.53). The results showed that ARNI treat-
ment led to a reduction in NT-proBNP and improvements in cardiac 
function, with more pronounced effects in patients with HFrEF. BP 
changes correlated with baseline levels, stabilizing at around 125/70 
mm Hg, and there were no significant differences in changes in renal 
function between HFrEF and non-HFrEF patients.

Conclusions: ARNI therapy significantly reduced NT-proBNP lev-
els and improved cardiac function, with mild antihypertensive effects 
and no major impact on renal function. These results highlight the 
importance of predicting the degree of BP reduction by BP at baseline 
before starting ARNI in HF patients.

Keywords: N-terminal pro-brain natriuretic peptide; Angiotensin re-

ceptor-neprilysin inhibitor; Heart failure with reduced left ventricular 
ejection fraction; Blood pressure

Introduction

It is widely recognized that the activation of neurohumoral 
factors plays a crucial role in the pathogenesis of heart failure 
(HF). The renin-angiotensin-aldosterone system (RAAS) and 
the sympathetic nervous system (SNS) become excessively 
activated [1, 2], leading to increased secretion of atrial and 
brain natriuretic peptides (ANP and BNP) from cardiomyo-
cytes, which act to suppress the pathological activation of 
RAAS and SNS [3]. Angiotensin receptor-neprilysin inhibi-
tor (ARNI) combines the angiotensin receptor blocker (ARB) 
valsartan with the neprilysin inhibitor sacubitril (sacubitril/
valsartan). ARNI not only suppresses RAAS activation but 
also enhances the compensatory effects of natriuretic pep-
tides (NP) [4-6].

The PARADIGM-HF trial, which targeted HF patients 
with reduced ejection fraction (HFrEF), demonstrated that 
ARNI offered superior survival benefits compared to enal-
april [7]. In the PARAGON-HF trial, which focused on HF 
patients with preserved ejection fraction (HFpEF), there was 
only a slight statistical difference in the composite primary 
endpoint of HF and cardiovascular death compared to the vals-
artan group. However, a subgroup analysis revealed that ARNI 
significantly reduced events in female patients and those with 
left ventricular ejection fraction (LVEF) ≤ 57% [8]. In the 
PARALLEL-HF trial, a phase III study conducted in Japa-
nese HFrEF patients, NT-proBNP was significantly reduced, 
confirming the usefulness of ARNI in Japan [9]. However, 
in real-world clinical practice, when ARNI is used in HFrEF 
and HFpEF patients with reduced cardiac function, clinicians 
often encounter difficulties in transitioning from angiotensin-
converting enzyme inhibitors (ACEis) or ARBs and achieving 
adequate dose-escalation due to low blood pressure (BP) and a 
high prevalence of chronic kidney disease (CKD).

Therefore, this study evaluated the cardio-renal protective 
effects of ARNI and its impact on BP and cardiac and renal 
function in HF patients who had begun to receive ARNI ther-
apy through routine blood tests and cardiac function assess-
ments in daily clinical practice.
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Materials and Methods

Subjects

This was a prospective observational study. The subjects con-
sisted of 51 HF patients aged 20 years or older who were hos-
pitalized or received outpatient care at Fukuoka University 
Hospital between December 2020 and March 2023 and newly 
began treatment with ARNI. Exclusion criteria were as follows: 
already receiving ARNI therapy, unsuitable for ARNI treatment, 
and severe hepatic dysfunction (Child-Pugh class C). The diag-
nosis of HF was made by the attending cardiologists in our Uni-
versity Hospital based on JCS guidelines [10]. Three patients 
discontinued ARNI therapy because of adverse effects (dizzi-
ness, palpitation, and hypotension). Additionally, two patients 
who were receiving off-label doses were excluded. Finally, we 
evaluated 46 patients with respect to various parameters before 
and after ARNI treatment (Fig. 1). We divided the patients into 
HFrEF (left ventricular ejection fraction (LVEF) < 40%, N = 
17) and non-HFrEF (LVEF ≥ 40%, N = 29) groups by transtho-
racic echocardiogram-derived LVEF at baseline. Non-HFrEF 
includes HF with both mildly-reduced EF and HFpEF.

All data were analyzed using the database of Fukuoka 
University Hospital. The study was performed according to 
the Declaration of Helsinki regarding investigations in humans 
and approved by the ethics committee of Fukuoka University.

Primary and secondary endpoints

The primary endpoint was changes in NT-proBNP levels in 

blood, and secondary endpoints included changes in cardiac or 
renal function, BP, and the occurrence of major adverse cardio-
vascular events (MACEs: hospitalization for HF, cardiovascu-
lar events, death from cardiovascular causes and new onset of 
arrhythmia). Cardiovascular events include myocardial infarc-
tion (MI), angina pectoris, and unscheduled hospitalization 
due to cardiovascular diseases.

Assessment of patient characteristics and various param-
eters

BP, biochemical data (including blood levels of NT-proBNP 
and estimated glomerular filtration rate (eGFR)), and echocar-
diography were evaluated before the initiation of ARNI and 
at 6 months post-initiation. Echocardiographic parameters in-
cluded LVEF, left ventricular end-diastolic dimension (LVDd), 
left ventricular end-systolic dimension (LVDs), cardiac output 
(CO), left ventricular mass index (LVMI), the ratio of early to 
late diastolic transmitral flow velocity (E/A), the ratio of early 
transmitral doppler velocity/early diastolic annular velocity 
(E/e'), left atrial volume index (LAVI), and tricuspid regurgita-
tion pressure gradient (TRPG). CO was estimated from Doppler 
echocardiographic measurement of left ventricular outflow.

Statistical analysis

Statistical tests were performed using GraphPad Prism 9.5.1 
(528) (GraphPad Software, LLC). Values are expressed as the 
mean ± standard deviation if the variable was normally dis-
tributed, and as the median (interquartile range) otherwise. 

Figure 1. Consort diagram for the present analysis. ARNI: angiotensin receptor-neprilysin inhibitor; HF: heart failure; HFrEF: 
heart failure with reduced ejection fraction.
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The Shapiro-Wilk test was used to assess whether or not data 
were normally distributed. Groups were compared using Stu-
dent’s t-test or the Wilcoxon test for continuous values, and 
the Chi-square test for trends was used for categorical data. 
A subgroup analysis was performed to evaluate changes in 
BP and cardiac or renal function based on the patient back-
ground, and correlation was examined using Pearson’s cor-
relation coefficient as appropriate. A two-tailed P < 0.05 was 
considered statistically significant.

Results

Patient characteristics at baseline

Table 1 shows the patient backgrounds in all patients, and in 
the HFrEF and non-HFrEF groups. The average age was 67 
± 13 years, and 67% of the patients were male. Before treat-
ment, BP was 131 ± 25/78 ± 16 mm Hg, eGFR was 52.7 ± 
20 mL/min/1.73 m2, and NT-proBNP was 550 (173 - 1,406) 
pg/mL. In the HFrEF group, subjective symptoms were more 
pronounced, NT-proBNP levels were higher, and more pa-
tients were initiated during hospitalization for acute HF. Fur-
thermore, 47.1% had ischemic heart disease (IHD), more pri-
or HF hospitalization, and loop diuretic and tolvaptan were 
more commonly used. Regarding other HF medications, 
no significant differences in initiation rates were observed 
between the HFrEF and non-HFrEF groups. There was no 
resent MI in IHD, only one patient in the HFrEF group re-
ceived revascularization at the same time, and others were 
old MI.

Assessment of primary and secondary endpoints

NT-proBNP significantly decreased to 462 (143 - 1,056) pg/
mL after ARNI treatment (P < 0.01) in all patients (Table 2). 
Particularly in the HFrEF group, NT-proBNP significantly de-
creased from 1,583 (653 - 4,059) to 678 (386 - 2,388) pg/mL 
(P < 0.01). On the other hand, in the non-HFrEF group, NT-
proBNP decreased from 365 (120 - 714) to 199 (118 - 806) pg/
mL, but this change was not significant (P = 0.28). Three of 
the 46 total patients had MACE within 6 months after ARNI 
treatment, all of whom were in the HFrEF group (one with 
cardiovascular events and two with new onset of arrhythmia) 
(HFrEF group vs. non-HFrEF, P = 0.027). Case 1: Fourteen 
days after ARNI therapy, the patient experienced an episode of 
angina pectoris attributed to coronary artery spasm. Treatment 
with diltiazem at a dose of 100 mg/day was initiated, and no 
recurrence of anginal symptoms was observed thereafter. Case 
2: Two months after the commencement of ARNI therapy, the 
patient developed sustained ventricular tachycardia requiring 
multiple shocks from an implantable cardioverter-defibrillator 
(ICD). The dosage of amiodarone was increased from 50 to 
100 mg/day, after which no further ICD shocks were reported. 
Case 3: On day 7 following ARNI therapy, ICD interrogation 
revealed an episode of ventricular fibrillation. Amiodarone 
therapy was initiated at 200 mg/day and subsequently reduced 

to 100 mg/day after 1 month. No recurrence of ventricular ar-
rhythmias was observed thereafter.

Changes in body weight (BW), BP, biochemical param-
eters, and cardiothoracic ratio between baseline and 6 
months after ARNI treatment

At 6 months after the initiation of administration, mean BP was 
126 ± 23 (P = 0.10)/72 ± 15 mm Hg (P = 0.03), and eGFR was 
51.8 ± 21.7 mL/min/1.73 m2 in all patients (P = 0.53) (Table 2). 
The reduction in BP was modest and did not significantly affect 
renal function; similar findings were seen in the HFrEF and non-
HFrEF groups.

Changes in systolic BP (SBP) and diastolic BP (DBP) at 
baseline and after 6 months in each patient

Figure 2 shows SBP and DBP values at baseline and after 6 
months in each patient. One patient in both HFrEF and non-
HFrEF groups with very high baseline SBP and DBP had tre-
mendous decreases in SBP and DBP, whereas changes in other 
patients’ BP were very minimal.

Associations between changes in SBP or DBP from baseline 
to 6 months (ΔSBP or ΔDBP) and SBP or DBP at baseline

As shown in Figure 3, ΔSBP and ΔDBP were significantly 
negatively associated with SBP (r = 0.55, P < 0.01) and DBP (r 
= 0.60, P < 0.01) at baseline, respectively, although changes in 
SBP and DBP were not consistent (Fig. 2).

Changes in echocardiographic parameters between base-
line and 6 months after ARNI treatment

LVEF improved to 52±15% after ARNI treatment in all patients 
(P < 0.01). LVDd decreased from 53.2 (46.5 - 56.3) to 49.3 
(44.8 - 54.1) mm (P < 0.01), and LVDs decreased from 41.8 
(33.4 - 48.6) to 36.4 (29.4 - 42.3) mm (P < 0.01). Particularly in 
HFrEF patients, after the initiation of ARNI, LVEF significantly 
improved (P < 0.01), along with cardiac enlargement (P < 0.01) 
(Table 3).

Associations between ΔNT-proBNP and NT-proBNP or 
cardiac parameters at baseline

A strong negative correlation was observed between ΔNT-
proBNP and NT-proBNP at baseline (r = -0.92, P < 0.01) in 
Figure 4. We also evaluated the relationship with echocardio-
graphic parameters related to cardiac function (LVEF and CO), 
and cardiac dilation (LVDd and LVDs). There were no correla-
tions between ΔNT-proBNP and LVEF, CO, LVDd, or LVDs at 
baseline. There was also no correlation between ΔNT-proBNP 
and LVMI at baseline (Fig. 4).
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Associations between ΔNT-proBNP and indicators of left 
ventricular diastolic dysfunction and high left atrial pres-
sure at baseline

Moderate to weak negative associations were observed be-
tween ΔNT-proBNP and E/A (r = -0.49, P < 0.01), E/e' (r = 
-0.49, P < 0.01), LAVI (r = -0.36, P = 0.03), and TRPG (r = 
-0.35, P = 0.05) at baseline (Fig. 5).

Changes in NT-proBNP and LVEF at baseline and after 6 
months in each patient

Figure 6 shows NT-proBNP levels and LVEF at baseline and after 
6 months in each patient. There was one “super responder” whose 
NT-proBNP decreased by 10,000 pg/mL. This HFrEF patient had 
poor renal function and a very high apparent NT-proBNP value at 
baseline, which tremendously improved after 6 months.

Table 1.  Characteristics of the Patients at Baseline (N = 46)

Overall (N = 46) HFrEF (N = 17) Non-HFrEF (N = 29) P value
Age (years) 67 ± 13 65 ± 12 68 ± 14 0.53
Males (%) 31 (67) 11 (65) 20 (69) 0.77
BW (kg) 66.7 ± 15.7 62.6 ± 15.6 69.2 ± 15.5 0.17
BMI (kg/m2) 25.5 ± 4.7 24.5 ± 4.6 26.2 ± 4.7 0.24
SBP (mm Hg) 131 ± 25 127 ± 27 133 ± 24 0.42
DBP (mm Hg) 78 ± 16 79 ± 19 77 ± 13 0.61
HR (bpm) 73 ± 13 74 ± 11 73 ± 14 0.75
NYHA (%) < 0.01
    I 18 (39.1) 2 (11.8) 16 (55.2)
    II 17 (37.0) 9 (52.9) 8 (27.6)
    III 10 (21.7) 5 (29.4) 5 (17.2)
    VI 1 (2.2) 1 (5.88) 0 (0)
Cr (mg/dL) 0.99 (0.8 - 1.42) 0.97 (0.73 - 1.64) 1 (0.83 - 1.35) 0.88
eGFR (mL/min/1.73 m2) 52.7 ± 20 52.2 ± 22.0 52.9 ± 19.1 0.91
NT-proBNP (pg/mL) 550 (173 - 1,406) 1,583 (775 - 3,431) 385 (132 - 681) < 0.01
Inpatient visit for acute HF (%) 9 (20) 6 (35) 3 (10) 0.04
Prior HF hospitalization (%) 23 (50) 13 (76) 10 (34) < 0.01
HTN (%) 30 (65.2) 13 (70.6) 18 (62.1) 0.56
DM (%) 15 (32.6) 7 (41.2) 8 (27.6) 0.34
DL (%) 29 (63.0) 10 (58.8) 19 (65.5) 0.65
HU (%) 20 (43.5) 8 (47.1) 12 (41.4) 0.71
SAS (%) 6 (13.0) 0 (0) 6 (20.7) 0.04
CKD (%) 26 (56.5) 9 (52.9) 17 (58.6) 0.71
AF (%) 11 (21.6) 4 (23.5) 6 (20.7) 0.82
IHD (%) 15 (32.6) 8 (47.1) 7 (24.1) 0.11
HF therapy
β-blocker (%) 39 (84.8) 15 (88.2) 26 (82.8) 0.62
    ACEi (%) 13 (28.3) 7 (41.2) 6 (20.7) 0.14
    ARBs (%) 30 (71.4) 9 (52.9) 21 (72.4) 0.18
    MRA (%) 24 (52.2) 10 (58.8) 14 (48.3) 0.49
    SGLT2i (%) 13 (28.3) 5 (29.4) 8 (27.6) 0.89
    Loop diuretic (%) 23 (50.0) 12 (70.6) 11 (37.9) 0.03
    Tolvaptan (%) 4 (8.7) 4 (23.5) 0 (0) < 0.01
    CRT/CRT-D (%) 5 (9.8) 4 (23.5) 1 (3.45) 0.03

Continuous variables are expressed as mean ± SD. ACEi: angiotensin-converting enzyme inhibitor; AF: atrial fibrillation; ARB: angiotensin II recep-
tor blocker; BMI: body mass index; BW: body weight; CKD: chronic kidney disease; Cr: creatinine; CRT: cardiac resynchronization therapy; CRT-D: 
cardiac resynchronization therapy-defibrillator; DBP: diastolic blood pressure; DL: dyslipidemia; DM: diabetes mellitus; eGFR: estimated glomerular 
filtration rate; HF: heart failure; HFrEF: heart failure with reduced ejection fraction; HR: heart rate; HTN: hypertension; HU: hyperuricemia; IHD: 
ischemic heart disease; MRA: mineralocorticoid receptor antagonist; NT-proBNP: N-terminal pro-brain natriuretic peptide; NYHA: New York Heart 
Association; SAS: sleep apnea syndrome; SBP: systolic blood pressure; SGLT2i: sodium-glucose cotransporter-2 inhibitor.
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Table 2.  Change in BW, BP, Biochemical Parameters, and Cardiothoracic Ratio Between Baseline and 6 Months After ARNI Treat-
ment

Overall HFrEF Non-HFrEF
Baseline 6 M n P Baseline 6 M n P Baseline 6 M n P

BW (kg) 66.7 ± 15.7 64.9 ± 14.7 46 0.01 62.6 ± 15.6 60.6 ± 14.7 17 0.02 69.2 ± 15.5 67.4 ± 14.3 29 0.1
SBP (mm Hg) 131 ± 25 126 ± 23 46 0.1 127 ± 27 120 ± 23 17 0.3 133 ± 24 129 ± 22 29 0.21
DBP (mm Hg) 78 ± 16 72 ± 15 46 0.03 79 ± 19 73 ± 20 17 0.23 77 ± 13 71 ± 11 29 0.07
NT-proBNP 
(pg/mL)

601 (163 
- 1,671)

462 (143 
- 1,056)

40 < 0.01 1,583 (653 
- 4,059)

678 (386 
- 2,388)

14 < 0.01 365 (120 
- 714)

199 (118 
- 806)

26 0.28

Cr (mg/dL) 0.99 (0.8 
- 1.42)

1.07 (0.85 
-1.43)

46 0.2 0.97 (0.73 
- 1.64)

1.08 (0.81 
- 1.59)

17 > 0.99 1.00 (0.83 
- 1.35)

1.00 (0.85 
- 1.34)

29 0.43

eGFR (mL/
min/1.73 m2)

52.7 ± 20 51.8 ± 21.7 46 0.53 52.2 ± 22 50.9 ± 22.9 17 0.56 52.9 ± 19.1 52.3 ± 21.5 29 0.73

UA (mg/dL) 5.91 ± 1.37 5.72 ± 1.44 45 0.29 5.73 ± 1.38 5.5 ± 1.54 16 0.5 6.0 ± 1.39 5.84 ± 1.4 29 0.42
CTR (%) 52.4 ± 5.28 51.2 ± 4.3 46 < 0.01 55.6 ± 5.19 53.1 ± 4.51 17 > 0.01 50.5 ± 4.39 50 ± 3.8 29 0.32

Continuous variables are expressed as mean ± SD. ARNI: angiotensin receptor-neprilysin inhibitor; BW: body weight; Cr: creatinine; CTR: cardiotho-
racic ratio; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate; HFrEF: heart failure with reduced ejection fraction; NT-proBNP: 
N-terminal pro-brain natriuretic peptide; SBP: systolic blood pressure; SD: standard deviation; UA: uric acid.

Figure 2. Changes in SBP and DBP at baseline and after 6 months (M) in each patient. DBP: diastolic blood pressure; HFrEF: 
heart failure with reduced ejection fraction; SBP: systolic blood pressure.

Figure 3. Associations between changes in SBP or DBP from baseline to 6 months after ARNI treatment (ΔSBP or ΔDBP) and SBP 
(a) or DBP (b) at baseline. ARNI: angiotensin receptor-neprilysin inhibitor; DBP: diastolic blood pressure; SBP: systolic blood pressure.
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Table 3.  Change in Echocardiographic Parameter Between Baseline and 6 Months After ARNI Treatment

Overall HFrEF Non-HFrEF
Baseline 6 M n P Baseline 6 M n P Baseline 6 M n P

LVEF (%) 45 ± 16 52 ± 15 46 < 0.01 29 ± 8 41 ± 13 17 < 0.01 55 ± 11 58 ± 12 29 0.03
LVDd (mm) 53.2 (46.5 

- 56.3)
49.3 (44.8 
- 54.1)

46 < 0.01 54.0 (51.1 
- 58.4)

49.3 (45.8 
- 56.9)

17 < 0.01 52.1 (44.4 
- 54.9)

49.3 (44 - 53.5) 29 0.14

LVDs (mm) 41.8 (33.4 
- 48.6)

36.4 (29.4 
- 42.3)

46 < 0.01 48.9 (43.9 
- 50.7)

38.3 (32.6 
- 47.9)

17 < 0.01 37.4 (28.6 
- 42.2)

35.3 (26.2 
- 38.6)

29 0.02

CO (L/min) 4.14 ± 1.86 3.87 ± 1.88 45 0.4 3.87 ± 2.14 3.63 ± 1.59 17 0.67 4.31 ± 1.7 4.01 ± 2.05 28 0.49
LVMI 
(mL/m2)

116.9 (96.25 
- 139.8)

109.4 (90.97 
- 131.3)

46 0.07 134.1 (106.4 
- 146.1)

109.3 (92.3-
142.0)

17 0.01 110 (91.1 
- 130.6)

109.5  
(89.5 - 129.4)

29 0.73

E/A 0.9 (0.7 - 1.2) 0.8 (0.6 - 1.1) 40 0.29 1.0 (0.95 
- 2.2)

0.8 (0.5 
- 2.2)

13 0.33 0.84 
(0.7 - 1)

0.8 (0.68 - 1.1) 27 0.87

E/e' (mean) 10.6 (8.66 
- 14.7)

10.6 (8.18 
- 13.3)

42 0.37 13.5 (9.55 
- 19.6)

10.5 (8.36 
- 13.7)

16 0.21 9.74 (8.63 
- 12.03)

10.7 (7.51 
- 12.7)

26 > 0.99

LAVI (mL/
m2)

40.9 (28.0 
- 60.4)

38.6 (26.8 
- 51.4)

40 0.08 47.9 (30.7 
- 69.5)

37 (19 - 
59.2)

15 0.01 38.1 (27.1 
- 52.2)

40 (30 - 50.5) 25 0.91

TRPG 
(mm Hg)

23.5 (17.2 
- 34.1)

20.6 (16.1 
- 27.1)

37 0.08 30 (20 - 
42.2)

18.7 (16 
- 23.6)

15 < 0.01 22.45 (16 
- 29.25)

22.15 (17.48 
- 29.6)

22 0.69

Continuous variables are expressed as mean ± SD. ARNI: angiotensin receptor-neprilysin inhibitor; CO: cardiac output; E/A: ratio of early to late 
diastolic transmitral flow velocity; E/e': ratio of early transmitral Doppler velocity/early diastolic annular velocity; HFrEF: heart failure with reduced 
ejection fraction; LAVI: left atrial volume index; LVDd: left ventricular end-diastolic dimension; LVDs: left ventricular end-systolic dimension; LVEF: left 
ventricular ejection fraction; LVMI: left ventricular mass index; SD: standard deviation; TRPG: tricuspid regurgitation pressure gradient.

Figure 4. Associations between changes in NT-proBNP from baseline to 6 months after ARNI treatment (ΔNT-proBNP) and NT-
proBNP (a) or echocardiographic parameters (b-f) at baseline. Echocardiographic parameters related to cardiac function (LVEF 
(b), CO (c)), and cardiac dilation (LVDd (d), LVDs (e), and LVMI (f)) at baseline were used. ARNI: angiotensin receptor-neprilysin 
inhibitor; CO: cardiac output; LVDd: left ventricular end-diastolic dimension; LVDs: left ventricular end-systolic dimension; LVEF: 
left ventricular ejection fraction; LVMI: left ventricular mass index; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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Associations between ΔNT-proBNP levels or NT-proBNP 
levels at baseline and ΔSBP/ΔDBP or SBP/DBP at baseline

There were no correlations between the ΔNT-proBNP levels or 
NT-proBNP levels at baseline and ΔSBP/ΔDBP or SBP/DBP 
at baseline (Fig. 7).

Associations between doses of ARNI and changes in ΔNT-
pro-BNP or ΔLVEF

Twenty patients received ARNI 100 mg/day (nine and 11 pa-
tients were HFrEF and non-HFrEF, respectively), 20 patients 
received ARNI 200 mg/day (six and 14 patients were HFrEF 

Figure 5. Associations between changes in NT-proBNP from baseline to 6 months after ARNI treatment (ΔNT-proBNP) and indica-
tors of left ventricular diastolic dysfunction and high left atrial pressure (E/e' (a), E/A (b), LAVI (c), and TRPG (d)) at baseline. E/A: 
ratio of early to late diastolic transmitral flow velocity; E/e': ratio of early transmitral Doppler velocity to early diastolic annular velocity; 
LAVI: left atrial volume index; NT-proBNP: N-terminal pro-brain natriuretic peptide; TRPG: tricuspid regurgitation pressure gradient.

Figure 6. Changes in NT-proBNP and LVEF at baseline and after 6 months (M) in each patient. LVEF: left ventricular ejection 
fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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and non-HFrEF, respectively), and six patients received 400 
mg/day (two and four patients were HFrEF and non-HFrEF, 
respectively). The doses of ARNI are not associated with 
changes in LVEF and NT-proBNP (Fig. 8).

Discussion

ARNI treatment in patients with HF significantly reduced 

NT-proBNP, particularly in patients with HFrEF, and improve-
ments in cardiac function and cardiac enlargement were ob-
served. The reduction in BP was modest and was not associated 
with significant changes in renal function, with no significant 
differences noted between the HFrEF and non-HFrEF groups. 
This study found that while the primary endpoints for HFrEF 
improved, the primary endpoints for HFpEF did not, and simi-
lar results were observed in real-world settings.

The significant reduction in NT-proBNP observed in pa-

Figure 7. Associations between changes in NT-proBNP from baseline to 6 months after ARNI treatment (ΔNT-proBNP) or NT-
proBNP levels at baseline and ΔSBP/ΔDBP or SBP/DBP at baseline. ARNI: angiotensin receptor-neprilysin inhibitor; DBP: dias-
tolic blood pressure; NT-proBNP: N-terminal pro-brain natriuretic peptide; SBP: systolic blood pressure.

Figure 8. Associations between doses of ARNI and changes in ΔLVEF (a) and ΔNT-proBNP (b). ARNI: angiotensin receptor-
neprilysin inhibitor; LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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tients with HFrEF warrants further investigation. To explore 
this, we investigated the association between changes in NT-
proBNP levels (ΔNT-proBNP) and baseline NT-proBNP con-
centrations, as well as baseline echocardiographic parameters. 
We included echocardiographic indices related to cardiac 
function and chamber dilation, which are commonly associ-
ated with HF. A strong negative correlation was observed be-
tween ΔNT-proBNP and NT-proBNP at baseline. In contrast, 
no correlation was found between ΔNT-proBNP and LVEF, 
CO, LVDd, LVDs, or LVMI at baseline. A moderate to weak 
negative correlation was observed between ΔNT-proBNP and 
E/A, E/e', LAVI or TRPG at baseline, which are indicators 
of HF condition and diastolic dysfunction, respectively. The 
PIONEER-HF trial has demonstrated the efficacy of ARNI in 
acute HF. In patients with acute decompensated HF (HFrEF 
patients), administration of ARNI before discharge, after 
hemodynamic stabilization, resulted in a significant reduc-
tion in NT-proBNP at 8 weeks post-discharge compared to an 
enalapril monotherapy group [11]. The TRANSITION trial 
also examined the introduction of ARNI during hospitalization 
[12]. In the acute phase of HF, elevated left atrial pressure and 
fluid overload are common; thus, the diuretic effect of nepri-
lysin inhibition may offer therapeutic benefits. These findings 
suggest that ARNI may exert greater efficacy in patients with 
elevated left atrial pressure.

In this study, no group exhibited a decline in LVEF after 
treatment; instead, LVEF either remained unchanged or im-
proved. In the HFrEF group, 6 months after initiating ARNI, 
LVMI decreased by 25 mL/m2 and LVEF increased by 12%. 
Our previous basic studies demonstrated that sacubitril in 
ARNI exerts a diuretic effect, while valsartan contributes to 
inhibiting cardiac hypertrophy [13, 14]. Regarding the anti-
hypertrophic effects observed in this study, posterior wall 
thickness of left ventricle was reduced, but the difference was 
not statistically significant (data not shown). Given the small 
sample size, the results of our study need further validation and 
evaluation in a larger prospective study.

As noted above, after ARNI treatment, NT-proBNP sig-
nificantly decreased and cardiac function and cardiac en-
largement improved in the HFrEF group. On the other hand, 
a statistically significant number of MACEs were seen in the 
HFrEF group, and the suppression of events was inadequate. 
A possible explanation for this result is that NT-proBNP levels 
at baseline in the HFrEF group were significantly higher than 
those in the non-HFrEF group, and the control of HF in the 
HFrEF group at the start of the study may have been worse 
than that in the non-HFrEF group. We need to reconsider the 
timing of ARNI initiation and how to increase the dose.

In this study, ΔBP after ARNI treatment in HF patients cor-
related with BP at baseline, and mean BP values converged to 
126/72 mm Hg following ARNI treatment. On the other hand, 
previous studies have shown that baseline New York Heart As-
sociation (NYHA) functional class III or IV, SBP < 100 mm Hg, 
and eGFR < 30 mL/min/1.73 m2 were significantly associated 
with both the occurrence of adverse events and the discontinu-
ation of ARNI. Furthermore, patients who experienced adverse 
events had a higher risk of cardiovascular death or HF-related 
hospitalization compared to those without adverse events [15]. 
According to this study, in HF patients whose baseline BP is 

relatively well maintained before treatment, it is advisable to 
aim for dose escalation up to the target dose. However, caution 
is required regarding symptomatic hypotension, especially in 
patients with lower BP at baseline. Moreover, in this study, all 
three patients in whom ARNI administration was discontinued 
had a poor prognosis (one patient had worsening of HF with 
cardiac resynchronization therapy defibrillator implantation, 
one had palpitation and died of cancer after 6 months, and one 
had infective endocarditis and died of sepsis after 8 months). 
A sub-group analysis in the PARADIGM-HF trial also dem-
onstrated that the dose-reduction group had higher risks of 
cardiovascular events and HF-related hospitalization [16]. If 
ARNI dose reduction or discontinuation becomes necessary, 
the prognosis may be poor, and closer attention should be paid 
to the subsequent clinical course.

Study limitations

Our study has several limitations that should be considered. 
First, since there is no control group in this study, it is not pos-
sible to consider patients with or without ARNI administration. 
Second, our study was performed at a single institution with 
a limited number of study patients, and there was a potential 
selection bias. Third, the results of our study may have been 
affected by the small sample size. The sample size should have 
been designed by calculation. In future work, the results of our 
study need to consider regression modeling in a larger prospec-
tive study. Finally, we did not consider the impact of changes 
in other HF medications. During the study period, changes 
in other HF medications were observed in 13 cases (88.2%) 
of HFrEF and 12 cases (41.4%) of non-HFrEF. At baseline, 
13 patients (28.3%) were receiving sodium-glucose cotrans-
porter-2 inhibitor (SGLT2i) and 24 (52.2%) were receiving 
mineralocorticoid receptor antagonist (MRA). By 6 months, 
SGLT2i and MRA were introduced in five cases each. Con-
versely, one patient had discontinued MRA by 6 months. There 
were no significant differences in the changes of eco param-
eters (ΔLVEF, ΔLVDd, and ΔLVDs) between the two groups 
with and without SGLT2i administration at baseline. These 
were similar between the two groups with and without MRA 
administration at baseline. In the MRA introduction group, 
there was a significant difference in ΔLVEF. Otherwise, there 
were no significant differences in echo parameters (ΔLVEF, 
ΔLVDd, and ΔLVD for SGLT2i and ΔLVDd and ΔLVDs for 
MRA). The details of these data are not shown in this report. 
The influence of other medications on these results requires 
further investigation.

Conclusion

ARNI contributed to the reduction of NT-proBNP and the im-
provement of cardiac function, and its antihypertensive effects 
and impact on renal function were minimal. When introducing 
ARNI therapy in HF patients, it is crucial to assess baseline 
BP, NT-proBNP levels, and signs of elevated left atrial pres-
sure. Findings from previous studies in addition to the present 
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study suggest that when dose reduction or discontinuation be-
comes necessary, the prognosis may worsen, requiring closer 
monitoring of the subsequent clinical course.
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