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ABSTRACT
Introduction There are a substantial number of patients 
developing heart failure after transcatheter aortic valve 
implantation (TAVI) for severe aortic stenosis (AS), even 
though AS has been successfully treated. The purpose of 
this randomised controlled trial was to determine whether 
the addition of an angiotensin receptor–neprilysin inhibitor 
(ARNI), sacubitril/valsartan, is superior to conventional 
medications in lowering N- terminal pro- B- type natriuretic 
peptide (NT- proBNP) levels in patients undergoing TAVI for 
AS.
Methods and analysis The study design is a 
prospective, single- centre, open- label, randomised, 
parallel- group, two- arm study, in which participants 
will be randomised in a 1:1 ratio to receive either 
conventional medications plus ARNI or conventional 
medications only. In the ARNI group, if a patient was 
on an ACE inhibitor or angiotensin II receptor blocker 
before TAVI, it will be switched to ARNI 100 mg/day 
(50 mg two times per day) on the first postoperative 
day. If not, candesartan 4 mg/day will be started 
1–2 days before TAVI, and switched to ARNI 100 mg/
day on the first postoperative day. As the patient 
has tolerability to ARNI, dosage will be increased 
stepwise to 400 mg/day 2–4 weeks apart. ARNI will 
be continued until at least 6- month follow- up. In the 
control group, the patient will receive conventional 
medications. The primary endpoint is the serum NT- 
proBNP value at 6- month follow- up after TAVI. Each 
group includes 42 patients (84 total patients).
Ethics and dissemination Ethical approval for this 
study has been obtained from the Chiba University 
Hospital Certified Clinical Research Review Board 
(CRB3180015). The study is ongoing. Findings from 
this study will be disseminated through peer- reviewed 
publications and conference presentations.
Trial registration number This trial has been 
registered on the Japan Registry of Clinical Trials: 
jRCT1031220344.

INTRODUCTION
Since previous pivotal trials have shown 
that transcatheter aortic valve implantation 
(TAVI) has a similar or better short- term 
and long- term prognosis compared with 
surgical aortic valve replacement for aortic 
stenosis (AS),1 2 the indications for TAVI 
have expanded, with the number of cases 
increasing in recent years. On the other 
hand, many studies investigating clinical 
outcomes after TAVI have reported that the 
most common cause of rehospitalisation is 
heart failure, with incidence ranging from 
12.8% to 24.1%.3–6 In some cases, functional 
problems with the TAVI valve, such as severe 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is a randomised controlled trial to investigate 
the efficacy of angiotensin receptor–neprilysin in-
hibitor (ARNI) in patients undergoing transcatheter 
aortic valve implantation for severe aortic stenosis.

 ⇒ The primary endpoint is the N- terminal pro- B- type 
natriuretic peptide value at 6- month follow- up, 
a well- established surrogate biomarker for heart 
failure.

 ⇒ This study incorporates a comprehensive set of sec-
ondary endpoints, including haemodynamic param-
eters, functional status and diuretic use, to support 
interpretation of the primary endpoint.

 ⇒ Potential limitations of the trial are that the primary 
endpoint is a surrogate marker for heart failure, and 
clinical outcomes or functional outcome measures 
cannot be assessed.

 ⇒ If this study shows the potential of ARNI for the pre-
vention of heart failure development, it can serve as 
a platform for further evaluation of its prognostic 
impact in a larger population.
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patient–prosthesis mismatch and paravalvular leak, are 
known to cause heart failure after TAVI.5 7 However, 
most of these patients develop heart failure despite no 
obvious problem with TAVI valve function and preserved 
left ventricular ejection fraction (LVEF) on echocardi-
ography, known as ‘heart failure with preserved ejection 
fraction (HFpEF)’, mainly due to left ventricular diastolic 
dysfunction. Even if AS is successfully treated by TAVI, 
HFpEF can possibly be caused by various factors, such 
as advanced age, residual left ventricular hypertrophy, 
concomitant chronic kidney disease, arrhythmia as repre-
sented by atrial fibrillation, increased afterload by hyper-
tension and peripheral vascular resistance.3–5 Since there 
is no established method to prevent HFpEF after TAVI, 
exploring effective medications for HFpEF is necessary to 
improve the long- term prognosis after TAVI.

Based on the results of previous large- scale randomised 
controlled trials,8 administration of angiotensin recep-
tor–neprilysin inhibitor (ARNI), sacubitril/valsartan, 
is recommended as one of the important options for 
treatment of heart failure with reduced ejection frac-
tion (HFrEF) in the guidelines for treatment of heart 
failure.9 10 On the other hand, in the Prospective Compar-
ison of ARNI with ARB (angiotensin- receptor blockers) 
Global Outcomes in HFpEF (PARAGON- HF) trial 
comparing ARNI and valsartan in patients with HFpEF, 
although there was no statistically significant difference 
in the composite primary endpoint (heart failure and 
cardiovascular death), ARNI was associated with a signifi-
cantly lower rate of the primary endpoint in women or 
patients with LVEF≤57% in prespecified subgroup anal-
yses.11 Therefore, ARNI is listed as a medication that may 
be considered for patients with HFpEF in the guidelines 
(class of recommendation is IIb).9 10 However, there are 
no data on the efficacy of ARNI for prevention of heart 
failure after TAVI. Thus, the purpose of this randomised 
controlled trial is to clarify whether the addition of ARNI 
is superior to conventional medications in lowering N- ter-
minal pro- B- type natriuretic peptide (NT- proBNP) levels, 
as a diagnostic biomarker for heart failure, in patients 
undergoing TAVI for severe AS.

METHODS
Study design
In this phase IV, prospective, single- centre, open- label, 
randomised, parallel- group, two- arm study, participants 
will be randomised in a 1:1 ratio to receive either conven-
tional medications plus ARNI or conventional medica-
tions only.

Eligibility criteria
Eligible patients are those who meet all inclusion criteria 
mentioned below and none of the listed exclusion criteria. 
Inclusion criteria are: (1) patients with AS and symptoms 
of heart failure requiring TAVI based on the guidelines 
for management of valvular heart disease12 13; (2) patients 
scheduled for TAVI at Chiba University Hospital; (3) 

patients aged 70 years or older at the time of enrolment; 
and (4) patients who have provided written informed 
consent to participate in this study (if the patient cannot 
provide a signature, a family member/designate may 
sign on their behalf). Exclusion criteria include any of 
the following: (1) acute heart failure (New York Heart 
Association (NYHA) class IV); (2) systolic blood pressure 
<110 mm Hg; (3) severe hepatic dysfunction (Child- 
Pugh class C); (4) severe renal dysfunction (serum creat-
inine>3.0 mg/dL); (5) haemodialysis; (6) hyperkalaemia 
(serum K>5.5 mEq/L); (7) bilateral renal artery stenosis; 
(8) history of angioedema; (9) patient with diabetes 
on aliskiren fumarate; (10) a patient without written 
informed consent; and (11) a patient whom the investi-
gator considers to be ineligible as a subject.

Recruitment
Recruitment for this study started in September 2022 and 
will end in January 2025, or until a total of 84 participants 
have been recruited. This study is being conducted at 
Chiba University Hospital.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting, or dissemination plans of this 
research.

Sample size calculation
The target sample size for this randomised trial is 84. This 
number is based on feasibility and following validity. The 
primary analysis of this study is to test the superiority of 
the ARNI group (conventional medications plus ARNI) 
over the control group (conventional medications only) 
in lowering NT- proBNP levels in patients with AS under-
going TAVI. The NT- proBNP level is determined as a 
surrogate marker in this study, because previous studies 
have reported that lower NT- proBNP levels and greater 
reduction of NT- proBNP levels are associated with better 
prognosis in HFpEF patients.14 15 In the PARAGON- HF 
study, comparing ARNI and valsartan in patients with 
HFpEF, the NT- proBNP levels after 48 weeks were approx-
imately 600 pg/mL in the ARNI group and 700 pg/mL in 
the control group (valsartan group).16 Since it is unlikely 
that the NT- proBNP level in the control group (conven-
tional medications) in this study would be lower than that 
with valsartan, the NT- proBNP level after 6 months in this 
study was estimated to be 600 pg/mL in the ARNI group 
and 700 pg/mL in the control group. Assuming an SD of 
150 pg/mL, an overall significance level of 5% (α=0.05), 
and a target power of 80% (1−β = 0.8), the minimum 
number of patients required is calculated to be 37 in 
each group (74 in total). Considering approximately 10% 
of discontinuation or dropout, a total sample size of 84 
patients is required for this study.

Registration and assignment methods
(1) In principle, registration should be conducted within 
7 days of obtaining consent. (2) The principal investi-
gator or sub- investigators will obtain written consent and 
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confirm that participants meet the selection criteria and 
do not violate the exclusion criteria as a result of the 
screening test. Participants deemed eligible by the prin-
cipal investigator or sub- investigators will be enrolled 
prior to the start of study drug administration. Partici-
pants will be enrolled in the study by faxing or bringing 
the case registration form (CRF) with them. (3) The prin-
cipal investigator and sub- investigators will complete the 
CRF and bring it to the data management centre at Chiba 
Clinical Research Center. The data centre will enter the 
necessary information for case registration on the data 
system and confirm the results of eligibility determina-
tion and assignment on the system. If the patient is found 
to be eligible, the investigator or sub- investigators will 
start the protocol treatment according to the results of 
the assignment. (4) Once a patient is registered, the regis-
tration will not be cancelled (deleted from the database). 
In case of duplicate registration, the initial registration 
information (registration number) will be used in all 
cases. In case of registration errors or duplicate registra-
tions, the data centre shall be notified immediately.

Assignment adjustment factors
Participants will be randomly assigned in a 1:1 ratio to 
the study to receive conventional medications plus ARNI 
or conventional medications only. Eligible patients will 
be randomised to either the ARNI group or the control 
group at a ratio of 1:1, by employing a minimisation 
method balancing for sex (male or female), age (<85 or 
≥85 years) and LVEF (<50% or ≥50%).

Study procedures
The study outline is shown in figure 1. A patient who 
meets the inclusion criteria and has provided written 
informed consent to participate in this study at least 
2 days prior to the TAVI procedure will be randomly 
assigned to the ARNI group or the control group. In the 
ARNI group, ARNI will be initiated as follows, because 
ARNI must be administered by switching from ACE inhib-
itors (ACE- I) or ARB for adult heart failure based on the 
labelling information for prescription medicines by the 
Pharmaceuticals and Medical Devices Agency in Japan. If 
a patient is on ACE- I preoperatively, ACE- I will be stopped 
1 day prior to TAVI, and ARNI 100 mg daily (50 mg two 
times per day) will be started on the first postoperative 
day. If a patient is taking an ARB preoperatively, ARB 
will be switched to ARNI 100 mg daily (50 mg two times 
per day) on the first postoperative day. If a patient is not 
taking ACE- I or ARB preoperatively, candesartan 4 mg/
day will be started 1–2 days before TAVI, and candesartan 
will be switched to ARNI 100 mg daily (50 mg two times 
per day) on the first postoperative day. Due to the institu-
tional restrictions on drug use, candesartan was chosen as 
the starter for the switch to ARNI. In a patient with tolera-
biling ARNI, dosage will be increased stepwise to 400 mg/
day (200 mg two times per day) 2–4 weeks apart. Tolera-
bility is evaluated by a systolic blood pressure of 100 mm 
Hg or higher and a serum potassium level of <5.5 mEq/L. 
ARNI will be continued at least until 6- month follow- up. 
In the control group, patients will receive conventional 
medications without ARNI.

Figure 1 Graphic outline of study design. Patients are randomly assigned to either the ARNI group with conventional 
medications plus ARNI or the control group with conventional medications only. *ARNI will be initiated as follows, because 
ARNI must be administered by switching from ACE- I or ARB based on the labelling information for prescription medicines by 
the PMDA in Japan. (1) If a patient is on ACE- I preoperatively, ACE- I will be stopped 1 day prior to TAVI, and ARNI 100 mg 
daily will be started on the first postoperative day. (2) If a patient is taking an ARB preoperatively, ARB will be switched to ARNI 
100 mg daily on the first postoperative day. (3) If a patient is not taking ACE- I or ARB preoperatively, candesartan 4 mg/day 
will be started 1–2 days before TAVI, and candesartan will be switched to ARNI 100 mg daily on the first postoperative day. 
ACE- I, angiotensinACE inhibitors; ARB, angiotensin II receptor blockers; ARNI, angiotensin receptor–neprilysin inhibitor; PMDA, 
Pharmaceuticals and Medical Devices Agency; TAVI, transcatheter aortic valve implantation.
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Blinds
Blinds are not performed.

Endpoint
The primary endpoint of the study is the serum 
NT- proBNP value at 6- month follow- up after TAVI. 
The secondary efficacy endpoints include: (1) change 
in NT- proBNP value at 6- month follow- up; (2) systolic 
pulmonary artery pressure at 6- month follow- up; (3) 
oedema scale at 6- month follow- up; (4) NYHA class at 
6- month follow- up; (5) increase or decrease in the dose 
of diuretics at 6- month follow- up; (6) change in body 
weight at 6- month follow- up; and (7) cardiovascular 
events (death, admission for heart failure, myocardial 
infarction). The secondary safety endpoints include: (1) 
incidence of adverse events; (2) prevalence of patients 
with serum K>5.5 mEq/L; and (3) prevalence of patients 
with symptomatic hypotension.

Statistical analysis
The full analysis set (FAS), per protocol set (PPS), and 
safety population will be analysed; the FAS will be the 
primary analysis population and all three target popu-
lations will be analysed. The distribution of subject 
background data and summary statistics for each anal-
ysis population will be calculated for each group. For 
nominal variables, category frequencies and proportions 
will be presented for each group. For continuous vari-
ables, summary statistics (number of cases, mean, SD, 
minimum, median, maximum) will be calculated for each 
group. For comparisons between groups, Pearson’s χ2 test 
is used for nominal variables, with the exception of Fish-
er’s direct probability calculation method for cells with 
an expected frequency of <5 and >20%, Wilcoxon’s rank 
sum test for ordinal variables and the t- test with no corre-
spondence for continuous variables. The significance 
level is set at 5% (two tailed).

For the primary endpoint, the main analysis will be 
performed for FAS, taking the mean value in each 
group for NT- proBNP levels at 6 months and testing for 
statistical significance using an unpaired t- test. For this 
analysis, a similar analysis will be performed for PPS as 
a supplementary analysis. The significance level for the 
hypothesis test will be 5% (two sided). For the secondary 
efficacy endpoints, the analyses will be performed to 
provide additional insight into the primary analyses. No 
adjustment for multiplicity will be made in the analysis 
of the secondary efficacy endpoints. The significance 
level for hypothesis testing is 5% (two sided), and CIs are 
calculated as two- sided 95% CIs. For the secondary safety 
endpoints, which are the frequency of adverse events, 
tables will be prepared for the endpoints. The two- sided 
95% CIs of the binomial distribution will be calculated 
for each group to estimate proportions. Fisher’s direct 
probability calculation method will be used to compare 
between groups if necessary.

Quality control
The monitoring manager is responsible for ensuring 
that the human rights of the subjects are protected, 
the study is conducted in accordance with the 
protocol, and the data are accurately collected. 
Central monitoring will be conducted regularly based 
on data from case report forms obtained at the data 
centre. The monitoring manager shall prepare a 
report that includes a summary of important find-
ings such as diseases, nonconformities or other facts, 
and shall report the results of such monitoring to 
the principal investigator. The independent data 
monitoring committee, which consists of at least 
three expert members independent of the study, will 
conduct safety monitoring, including comparison of 
the incidence of adverse events between the study 
treatment and control group, and detailed examina-
tion of serious adverse events, as necessary, to ensure 
patient safety. The principal investigator will decide 
to discontinue the study as a whole if it is considered 
challenging to continue the study due to unforeseen 
adverse events, illness or other factors.

Informed consent
All participants will receive adequate informa-
tion about the nature, purpose, possible risks and 
benefits of the trial, and on alternative therapeutic 
choices using informed consent approved by the IRB 
(online supplemental file 1). A participant must be 
given ample time and opportunity to ask questions 
and consider participating in the trial. A completed 
informed consent is required for enrolment in the 
trial. The investigators must maintain the original 
signed consent form and a copy of the signed consent 
form. To assure patient confidentiality, trial partici-
pants will be allocated a unique trial identification 
number for reference throughout the trial.

Ethics and dissemination
This study will be conducted in accordance with 
the Declaration of Helsinki (revised 2013). Ethical 
approval for this study has been obtained from 
the Chiba University Hospital Certified Clinical 
Research Review Board (CRB3180015) and the study 
is registered in the Japan Clinical Trials Registry 
(jRCT1031220344). The investigators will explain the 
concept of this study to patients and obtain written 
informed consent from all participating patients. 
The initial version of the protocol was approved on 
23 August 2022, and patient recruitment began on 22 
September 2022. The latest version 1.5 was approved 
on 17 September 2024.

A manuscript summarising the results of the primary 
endpoint will be published in a peer- reviewed journal. 
Separate manuscripts for the secondary objectives 
will also be written and submitted for publication in 
peer- reviewed journals. The findings of this study will 
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be disseminated through presentations at academic 
conferences.

DISCUSSION
Although TAVI is quite an effective treatment for AS, 
a substantial number of patients develop heart failure 
after TAVI, and furthermore, heart failure after TAVI 
has been associated with poor prognosis.3–6 Since 
patients who require TAVI are often elderly and have 
a variety of comorbidities, they are considered to be 
a population at high risk of developing HFpEF even 
after AS is treated.17 To reduce the risk of heart failure 
after TAVI, comprehensive treatment that includes 
not only relieving AS but also managing comorbid-
ities and administering appropriate medications 
may be necessary.18 19 In addition, previous studies 
have indicated that cardiac fibrosis and hypertrophy 
persist after relief of AS, leading to poor prognosis 
in patients with severe AS.20 Therefore, medications 
with an effect to inhibit cardiac fibrosis may improve 
prognosis after TAVI. Recently, the usefulness of sodi-
um–glucose cotransporter 2 inhibitors (SGLT2- I) for 
heart failure, including HFpEF, has been reported, 
and thus, its use is strongly recommended in the 
guidelines.10 21 Although SGLT2- I may be effective 
in preventing heart failure after TAVI, some patients 
possibly have difficulty initiating SGLT2- I because of 
the elderly population with high frailty and risk for 
infections, such as urinary tract infections.22

While ARNI is widely used for the treatment of 
heart failure, mainly HFrEF, it is also effective to some 
extent for heart failure with mildly reduced ejection 
fraction and HFpEF.11 Previous animal studies have 
shown that ARNI is effective in ameliorating cardiac 
maladaptive remodelling, as indicated by improve-
ments in cardiac function and decreases in cardiac 
fibrosis, hypertrophy and inflammation, suggesting 
that ARNI may also be beneficial after TAVI.23 24 
However, it has been unclear whether ARNI can actu-
ally reduce the risk of heart failure after TAVI. There-
fore, this randomised study has been designed to 
investigate this issue. This study is designed to deter-
mine the impact of adding ARNI to conventional 
medications, such as antihypertensive agents and 
diuretics. Although most of the past studies showing 
the efficacy of ARNI in heart failure have compared 
it with ACE- I or ARB,8 11 this study was designed to 
compare conventional medications plus ARNI with 
conventional medications only, because the efficacy 
of ACE- I or ARB in heart failure after TAVI has not 
been demonstrated. Since NT- proBNP has been used 
as an important parameter for the evaluation of heart 
failure in many previous studies examining the effi-
cacy of ARNI,16 NT- proBNP level at follow- up is set as 
the primary endpoint in this study. If this study shows 
the usefulness of ARNI for the prevention of heart 
failure, the next step may be to investigate whether it 

can reduce heart failure events in a larger- scale study. 
In such a future study, functional outcome measures, 
for example, a 6 min walk test, which is not planned 
to investigate in this study, should also be examined.
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