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Abstract

hemodialysis patients is not well known.

with a reduced ejection fraction.
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Background Although the angiotensin receptor-neprilysin inhibitor sacubitril-valsartan has demonstrated a valu-
able effect on cardiac function in patients with heart failure with a reduced ejection fraction, the effect of this agent in

Case presentation Sacubitril-valsartan was administered to two anuric hemodialysis patients, an 81-year-old woman
and a 79-year-old man, after aortic valve replacement for aortic stenosis. Following sacubitril-valsartan administra-
tion, the two patients’ N-terminal pro-brain natriuretic peptide levels decreased from 110,373 to 47,742 and 22,723

to 7692 pg/mL within one month, respectively, and were sustained within the lower levels thereafter. Although the
patients’left ventricular ejection fractions were 40.0% and 28.4%, respectively, these values did not change at seven
and four months after sacubitril-valsartan administration (41.0% and 30.0%, respectively) but increased gradually to
56.6% and 54.9% at 11 and 13 months, respectively, and were sustained at the same levels thereafter.

Conclusions Long-term sacubitril-valsartan administration can improve cardiac function in hemodialysis patients

Keywords Sacubitril-valsartan, Hemodialysis, Heart failure with reduced ejection fraction, N-terminal proBNP, Aortic

Background

Heart failure is associated with substantial morbid-
ity and mortality in hemodialysis patients [1]. Recently,
the angiotensin receptor-neprilysin inhibitor sacubitril-
valsartan demonstrated a valuable effect in reducing the
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risks of hospitalizations for heart failure and death from
cardiovascular causes in patients with heart failure and a
reduced ejection fraction [2], which was not recognized
in patients with heart failure and a preserved ejection
fraction [3]. Considering that the major role of natriuretic
peptides is to induce natriuresis through their action on
renal hemodynamics and tubular function [4], the effec-
tiveness of sacubitril-valsartan for improving cardiac
function may not be promising in hemodialysis patients,
and evidence in this population is scarce [5-10].
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We administered sacubitril-valsartan to two anuric
hemodialysis patients with heart failure and a reduced
ejection fraction after aortic valve replacement for aortic
stenosis and considered the influences on serum natriu-
retic peptide levels and cardiac function of this agent in
hemodialysis patients.

Case presentation

Case 1

An 81-year-old woman with IgA glomerulonephritis who
had been on hemodialysis for four years and had a history
of percutaneous coronary intervention, endovascular
treatment of the popliteal artery and pacemaker implan-
tation experienced syncope due to severe aortic stenosis.
Aortic valve replacement (AVR) therapy was performed.
Although the AVR was performed successfully, her left
ventricular ejection fraction (LVEF) was 40%, and her
N-terminal pro-brain natriuretic peptide (NT-proBNP)
level was 110,373 pg/mL at two months after AVR. She
had been administered 80 mg per day of valsartan by the
time AVR was performed, and two months after AVR,
50 mg twice daily of sacubitril-valsartan was initiated
and increased to 100 mg twice daily and finally to 200 mg
twice daily. As shown in Fig. 1, after the administration of
sacubitril-valsartan, NT-proBNP decreased from 110,373
to 47,742 pg/mL in the next month and to 18,734 pg/mL

aortic valve replacement
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in the fourth month. The cardiothoracic ratio decreased
in parallel with the decrease in NT-proBNP. Subse-
quently, although the NT-proBNP levels increased again,
which was parallel to the increases in cardiothoracic ratio
and post-hemodialysis body weight, the NT-proBNP lev-
els were sustained at less than 40,000 pg/mL. The LVEF
did not change during the half year of treatment with
sacubitril-valsartan; however, it increased to 56.6% in the
tenth month and was sustained at more than 50% there-
after. Hypertensive blood pressures were controlled by
adjusting the dose of amlodipine, and the systolic blood
pressure was controlled between 120 and 140 mmHg.
Additionally, blood pressure during hemodialysis was
stable. Except for the administration of valsartan, which
had been initiated before AVR was performed, no car-
dioprotective medicines, including beta-blockers, were
administered.

Case 2

A 79-year-old man with nephrosclerosis who had been
on hemodialysis for seven years and had a history of
percutaneous coronary intervention underwent AVR
due to severe aortic stenosis. After AVR, the LVEF was
consistently less than 40% and was found to be 24%
14 months later. Antihypertensive medicine, including
beta-blockers, had never been administered because

sacubitril-valsartan
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Fig. 1 Changes in the serum N-terminal pro-brain natriuretic peptide levels, left ventricular ejection fraction, body weight and cardiothoracic ratio
before and during treatment with sacubitril-valsartan in Case 1. bid, bis in die; HD Hemodialysis, NT-Probnp, N-terminal pro-brain natriuretic peptide,
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of a risk of severe hypotension, and ivabradine had
been given to control his pulse rate. After 14 months
of AVR, 50 mg twice daily sacubitril-valsartan was
administered. As shown in Fig. 2, after the adminis-
tration of sacubitril-valsartan, NT-proBNP decreased
from 22,723 to 7692 pg/mL in the next month and to
2116 pg/mL six months later. Additionally, the cardio-
thoracic ratio decreased in parallel with the decrease
in NT-proBNP levels. After the initiation of sacubitril-
valsartan, because of the temporal hypotension during
the hemodialysis session, the post-hemodialysis body
weight was increased, whereas the cardiothoracic ratios
were between 48 and 50% and the NT-proBNP lev-
els were between 2000 and 3000 pg/mL. Although the
LVEF at the fourth month was still 30%, it increased to
47.7% at the seventh month and 54.9% at the thirteenth
month and remained greater than 50% thereafter.
Although the patient’s blood pressures were relatively
low (100-120 mmHg, systolic blood pressure), blood
pressure during hemodialysis was stable and severe
hypotension was not observed after the administration
of sacubitril-valsartan.

We also examined the changes in NT-proBNP lev-
els in hemodialysis patients other than the current two
patients who used postoperative sacubitril-valsartan.

l aortic valve replacement
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Figure 3 shows changes in the NT-proBNP levels
before and after hemodialysis treatment in hemodi-
alysis patients in our clinic.

Figure 4 shows changes in NT-proBNP and atrial
natriuretic peptide (ANP) levels before and after
arteriovenous fistula reconstruction in a 78-year-old
woman on hemodialysis.

Figure 5 shows changes in the NT-proBNP, cardio-
thoracic ratio and body weight before and after the
initiation of maintenance hemodialysis in a 53-year-
old man with diabetic nephropathy.

Discussion

Heart failure is common in individuals with chronic kid-
ney disease (CKD), especially in hemodialysis patients
[1], and surrogate markers of cardiac stress in these pop-
ulations are highly needed. Although the NT-proBNP
level has been shown to predict heart failure in the gen-
eral population [11], the dynamics of NT-proBNP in
CKD and hemodialysis patients are different from those
of the general population. Thus, for the evaluation of NT-
proBNP levels in hemodialysis patients, we should pay
attention to the following points.
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Fig. 2 Changes in the serum N-terminal pro-brain natriuretic peptide levels, left ventricular ejection fraction, body weight and cardiothoracic ratio
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Fig. 3 Changes in the serum N-terminal pro-brain natriuretic peptide levels before and after hemodialysis treatment. N=18
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Fig.5 Changes in the serum N-terminal pro-brain natriuretic
peptide levels, cardiothoracic ratio and body weight before and after
the initiation of maintenance hemodialysis in a 53-year-old man.
NT-proBNP, N-terminal pro-brain natriuretic peptide, BW Body weight,
HD Hemodialysis

Evaluation of natriuretic peptides levels in general
population

ANP and brain natriuretic peptide (BNP) are surrogate
markers of cardiac stress in normal subjects and patients
with heart failure [12] and are also used to treat patients
with heart failure. Although the major role of these
natriuretic peptides is natriuresis [4], other roles include
vasodilatation, cardiac antihypertrophic and antifibrotic
effects, sympathoinhibitory effects, and aldosterone inhi-
bition [13, 14]. Neprilysin degrades several endogenous
vasoactive peptides, including angiotensin II and natriu-
retic peptides such as ANP and BNP. The inhibition of
neprilysin increases the levels of these vasoactive pep-
tides. By combining with valsartan, while suppressing the
renin—angiotensin—aldosterone system, sacubitril-vals-
artan increases the natriuretic peptide levels, which then
contributes to sodium and body-volume homeostasis and
inhibition of cardiac maladaptive remodeling. Thus, in
patients treated with sacubitril-valsartan, ANP and BNP
are no longer surrogate markers of cardiac stress. The
active hormone BNP and inactive fragment NT-proBNP
are yielded from proBNP in a 1:1 ratio [4]. Although NT-
proBNP is biologically inactive, a reduction in its serum
concentration by treatment with sacubitril-valsartan in
patients with reduced LVEF is significantly correlated
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with improvements in cardiac function [15], which
indicates that the NT-proBNP concentration is a sur-
rogate marker of cardiac stress in patients treated with
sacubitril-valsartan.

Evaluation of natriuretic peptides levels in hemodialysis
patients

The known mechanisms of ANP and BNP clearance from
plasma include binding to the natriuretic peptide clear-
ance receptor type-C and proteolysis by neprilysin. Renal
excretion and removal of these natriuretic peptides by
hemodialysis treatment have also been reported [16, 17].
Thus, for the evaluation of serum ANP and BNP levels
in hemodialysis patients, the effect of reduced or absent
urinary excretion and removal by hemodialysis treat-
ment should be taken into consideration. Additionally,
as mentioned above, in patients treated with sacubitril-
valsartan, ANP and BNP are no longer surrogate markers
of cardiac stress.

In patients with reduced kidney function, the NT-
proBNP level is influenced by reduced renal excretion.
In hemodialysis patients, removal by hemodialysis treat-
ment can change the concentration of this natriuretic
peptide fragment. Additionally, cardiac stress by arterio-
venous fistula and volume overload due to oliguria and
anuria have a substantial effect on NT-proBNP levels.
Thus, for the evaluation of NT-proBNP levels in hemo-
dialysis patients, we need a different standard compared
with that in the general population.

Influences of renal function and hemodialysis treatment
on serum NT-proBNP levels

As mentioned above, the known mechanisms of ANP
and BNP clearance from plasma include binding to the
natriuretic peptide clearance receptor type-C and prote-
olysis by neprilysin. On the other hand, the main mech-
anism of NT-proBNP clearance from plasma is renal
excretion and possibly other unknown pathways [18,
19], and in patients with reduced kidney function, NT-
proBNP levels are influenced by reduced renal excretion
[20, 21]. Thus, when evaluating the NT-proBNP levels
of hemodialysis patients, we cannot apply the reference
values of the general population. Additionally, consid-
ering the molecular weight of NT-proBNP (8500), its
concentration can be influenced by hemodialysis treat-
ment. While removal by hemodialysis has been reported
only to a small extent [4], Madsen et al. reported that
the pre- and post-dialysis concentrations of NT-proBNP
were 4079 and 2759 pg/ml, respectively (reduction ratio
was 32.4%) [22]. The degree of removal may be highly
influenced by the types of dialyzer membranes. Figure 3
shows changes in the NT-proBNP levels before and after
hemodialysis treatment in patients in our clinic. The
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reduction ratio by a single session of hemodialysis was
52.849.4% (mean=+S.D.

Influence of cardiac stress by arteriovenous fistula

on serum NT-proBNP levels in hemodialysis patients
Arteriovenous fistula is the preferred type of vascular
access for maintenance hemodialysis, but it may cause
some degree of cardiac stress. It has been reported that
the cutoff vascular access flow value with a high predic-
tive power for high-output cardiac failure occurrence is
2.0 L/min [23] and in the current Case 1 and 2, flow vol-
umes of arteriovenous fistula were 382.6 and 548.6 mL/
min, respectively.

However, cardiac stress induced by high flow in arte-
riovenous fistulas can present tremendously high
NT-proBNP levels [24]. Figure 4 shows changes in
NT-proBNP levels before and after arteriovenous fis-
tula reconstruction in a 78-year-old woman who had
been treated with hemodialysis for 7 years. She suffered
from palpitations, shortness of breath and fatigue, and
administration of sacubitril-valsartan was not effective.
Her arteriovenous fistula flow volume was 2.1 L/min;
after reconstruction of the fistula, the fistula flow vol-
ume decreased to 668 mL/min, and her complaints were
resolved. Although ANP levels temporarily decreased
drastically at 4 days after the reconstruction, they
increased again by the next blood test and decreased
gradually thereafter. On the other hand, NT-proBNP lev-
els decreased consistently.

Although both ANP and BNP are natriuretic peptides
produced in cardiomyocytes, there are some differences
between them. Although ANP is expressed in both atrial
and ventricular tissues, levels in the atria are 250-1000
times higher than those in the ventricles; thus, atria are
the major source of ANP production. Under physiologi-
cal conditions, although the tissue concentrations of
both BNP and its mRNA are higher in the atria than in
the ventricles, the total ventricular content of BNP and
its mRNA correspond to ~30% and ~70% of that in the
whole heart, respectively, as the ventricles are larger
than the atria [25]. While plasma BNP levels are much
lower than those of ANP under physiological condi-
tions, in cases of congestive heart failure, myocardial
levels of BNP mRNA and circulating levels of BNP and
NT-proBNP increase against ventricular overload, which
are more marked than those of ANP [18, 25]. Based on
these facts, both the ANP and the NT-proBNP (but
especially the NT-proBNP) levels should be influenced
by the changes in cardiac stress by arteriovenous fistula
flow volume. The temporal and acute decrease in ANP
levels, not in NT-proBNP levels, after 4 days of fistula
reconstruction may be attributed to the difference in the
mechanisms of the production and secretion of these
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natriuretic peptides. Under cardiac stress, the production
and secretion of these natriuretic peptides are stimulated,
and BNP is secreted into the peripheral circulation via a
constitutive pathway without storage within ventricular
tissue, whereas ANP is secreted via a regulated pathway
[18, 25]. Thus, ANP levels may reflect the change in car-
diac stress earlier than NT-proBNP. If this is true, meas-
uring post-dialysis ANP levels, not BNP levels, for the
assessment of dry weight in hemodialysis patients [26]
could be rational.

We used pre- rather than post-hemodialysis NT-
proBNP for the evaluation of cardiac stress in hemodi-
alysis patients. In a report investigating the diagnostic
value of NT-proBNP for left ventricular dysfunction in
patients on hemodialysis, David et al. collected blood
samples during the post-hemodialysis session to cor-
rect for changes in volume status between dialysis ses-
sions, which might affect the NT-proBNP values [27].
Although this method can minimize the influence of the
changes in volume status between dialysis sessions, as
mentioned above, NT-proBNP is substantially removed
by hemodialysis. In the current cases, we collected pre-
dialysis blood samples, which can avoid the influence of
hemodialysis removal. Considering the slower changes
in NT-proBNP levels than ANP levels after the fistula
reconstruction mentioned above, the chance that the
degree of body weight gain between hemodialysis ses-
sions can exert a substantial influence on pre-dialysis
NT-proBNP levels at the next hemodialysis session is
small. Thus, we believe that except for the case using the
dialyzer, which cannot remove NT-proBNP, pre- rather
than post-dialysis sampling of NT-proBNP is suitable
to evaluate the degree of cardiac stress in hemodialysis
patients. Additionally, considering that blood work of
hemodialysis patients is usually performed pre-dialysis
(sometimes pre- and post-dialysis), post-dialysis sam-
pling is not practical.

Influence of cardiac stress by volume overload on serum
NT-proBNP levels in hemodialysis patients

BNP and NT-proBNP levels are influenced by volume
overload [21], and the impact of volume overload on
cardiac stress is extremely strong in oliguric or anuric
hemodialysis patients. Figure 5 shows changes in the
NT-proBNP, cardiothoracic ratio and body weight before
and after the initiation of maintenance hemodialysis in
a 53-year-old man with diabetic nephropathy. His urine
volume was not sufficient despite diuretic administration.
After the introduction of hemodialysis, his body weight
and cardiothoracic ratio decreased drastically by water
removal via the hemodialysis treatment. His pre-dialysis
NT-proBNP level at the initiation of hemodialysis was
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49,611 pg/mL, which decreased to 1411 pg/mL 96 days
later.

This drastic change in NT-proBNP levels is exclusively
due to the relief of cardiac stress by water removal. As
shown in this case, in hemodialysis patients, the effect
of volume overload on NT-proBNP levels can be aug-
mented by the disability or inability of the urinary excre-
tion of NT-proBNP and massive volume overload by
oliguria or anuria.

Based on the above characteristics of the dynamics of
NT-proBNP in hemodialysis patients, we can discuss the
clinical course of Case 1 and 2, especially focused on the
changes in NT-proBNP levels and LVEF before and after
the administration of sacubitril-valsartan.

In non-CKD patients, prompt decreases in NT-
proBNP levels after the administration of sacubitril-val-
sartan were reported: after four weeks in patients with
heart failure and a preserved ejection fraction [28] and
after two weeks in heart failure patients with a reduced
ejection fraction [15]. However, it is unlikely that car-
diac functional improvement occurs during such a
short period, suggesting that a decrease in cardiac stress
through the stimulation of diuresis and natriuresis by
natriuretic peptides rather than the cardiac functional
improvement might be the major mechanism of these
prompt decreases in NT-proBNP levels, which cannot be
expected to occur in hemodialysis patients.

In the current cases, although LVEF did not improve
at least three months after the administration of sacubi-
tril-valsartan, the NT-proBNP levels decreased rapidly
within a month of administration of sacubitril-valsartan.
The body weight gain between hemodialysis sessions was
fairly constant in these patients (approximately 2.5 kg
in case 1 and approximately 1.5 kg in case 2), and post-
dialysis body weights did not change for at least three
months. Thus, the acute decrease in NT-proBNP levels
during the first month of sacubitril-valsartan admin-
istration may not be attributable to the relief of cardiac
stress by water removal via hemodialysis. Additionally,
the decrease in NT-proBNP levels by an improvement
of cardiac function within a month of administration of
sacubitril-valsartan is unlikely.

However, as we reported elsewhere [8] and in the cur-
rent cases, a decrease in NT-proBNP levels during the
first month after the administration of sacubitril-valsartan
is a very common phenomenon in hemodialysis patients.
Figure 6 shows changes in the serum NT-proBNP levels,
hemoglobin levels, body weight, cardiothoracic ratio,
and total protein and albumin levels before and after
the treatment with sacubitril-valsartan in 17 hemodi-
alysis patients. Four weeks after the administration of
sacubitril-valsartan, NT-proBNP levels decreased in all
the 17 patients and serum hemoglobin levels increased
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Fig. 6 Changes in the serum N-terminal pro-brain natriuretic
peptide levels, hemoglobin, total protein, aloumin,, cardiothoracic
ratio, body weight and cardiothoracic ratio before and

after treatment with sacubitril-valsartan. N=17. *: dose of
erythropoietin-stimulating agents was reduced in 2 patients. **: dose
of erythropoietin-stimulating agents was reduced in 4 patients. ***:
dose of erythropoietin-stimulating agents was reduced in 6 patients.
NT-proBNP, N-terminal pro-brain natriuretic peptide, HD Hemodialysis,
BW Body weight

significantly. Additionally, although not significant, car-
diothoracic ratio tended to decrease and body weight
tended to increase. These results are consistent to the
hemoconcentration and resultant reduced cardiac stress.
However, inconsistent with the significant increase in
hemoglobin level, changes in total protein and albumin
levels were insignificant. Although this is a small sample
study and inconclusive, dynamics of protein, albumin and
red blood cells may not be same in hemodialysis patients
with sacubitril-valsartan.

ANP and BNP exert their action through stimulation of
the guanylyl cyclase-A receptor. Stimulation of the gua-
nylyl cyclase-A receptor on smooth muscle cells results
in vasodilation, thereby participating in the acute regu-
lation of blood pressure during acute hypertensive reac-
tions under stress conditions such as hypervolemia [13].
On the other hand, stimulation of the guanylyl cyclase-
A receptor on endothelial cells is critical for maintaining
intravascular volume homeostasis; ANP-induced diu-
resis concentrates plasma proteins, and ANP facilitates
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microvascular albumin extravasation simultaneously
[13]. This albumin extravasation may promote the shift
of fluid from the intravascular space to the extravascu-
lar space and result in a decrease in intravascular vol-
ume regardless of kidney function. The prompt decrease
in NT-proBNP levels concomitant with the increase in
hemoglobin levels, not with total protein and albumin
levels observed in Fig. 6 may indicate that a relief of car-
diac stress by the shifting of the fluid from the intravascu-
lar to the extravascular space with albumin extravasation
may be one of the mechanisms of the prompt decrease
in NT-proBNP levels after the administration of sacubi-
tril-valsartan. Thus, this fluid shift and also vasodilation
may decrease NT-proBNP levels in hemodialysis patients
receiving sacubitril-valsartan, and this does not necessar-
ily indicate an improvement in cardiac function, particu-
larly during the early months after the administration of
sacubitril-valsartan.

Arbitrarily, the definition of left ventricular reverse
remodeling was evaluated 3 to 6 months after cardiac
resynchronization therapy [29], and it was reported that
in non-CKD patients with heart failure and a reduced
ejection fraction, the effects of sacubitril-valsartan on
cardiac function were recognized after six months and
were more pronounced after twelve months [15]. In the
current cases, NT-proBNP levels decreased markedly
within a month after the administration of sacubitril-val-
sartan, which may represent a relief of cardiac stress by
the decrease in intravascular volume. The improvement
in LVEF became apparent approximately six months
after treatment with sacubitril-valsartan, suggesting that
approximately six months are necessary to the time car-
diac functional improvement was achieved by this agent.

Preconceptions that the increase in serum natriuretic
peptide levels will not affect cardiac function in oliguric
or anuric hemodialysis patients and difficulties in assess-
ing cardiac stress by serum NT-proBNP levels in this
population may make physicians reluctant to use this
agent in hemodialysis patients with heart failure. Table 1
shows a list of publications on the use of sacubitril-vals-
artan in hemodialysis patients. In contrast to the exten-
sive evidence that sacubitril-valsartan has a favorable
cardiac effect in non-CKD patients with heart failure and
a reduced ejection fraction, evidence in this population
is scarce [5—-10]. Lee et al. did not evaluate the changes
in NT-proBNP levels because they can be largely affected
by dialysis timing and duration in hemodialysis patients
[6]. Additionally, as mentioned above, the NT-proBNP
levels are affected by cardiac stress induced by volume
status and arteriovenous fistula. Thus, NT-proBNP lev-
els may not be an appropriate surrogate marker of car-
diac function in this population. In the majority of the
cases in hemodialysis patients reported to date, cardiac
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function was evaluated by LVEF at more than three
months after the initiation of sacubitril-valsartan ther-
apy, and improvement in cardiac function was reported
[6-8, 10]. In the current case 1, sacubitril-valsartan was
administered 2 months after AVR, thus it is possible that
relief from cardiac stress by aortic stenosis is the cause
of the increase in LVEF rather than the administration
of sacubitril-valsartan. However, in case 2, sacubitril-
valsartan was administered more than 1 year after AVR;
which also resulted in the increase in LVEF, suggesting
the possibility that this agent exerted cardiac functional
improvement.

Although an antihypertensive effect of this agent in
hemodialysis patients has been reported [30], the blood-
lowering effect is not as strong in this population, pos-
sibly because the natriuretic effect is weak or nonexistent
in hemodialysis patients; moreover, discontinuation of
sacubitril-valsartan administration because of severe
hypotension did not occur in hemodialysis patients in
our clinic (data not shown). It seems that in the majority
of cases, long-term administration of this agent to hemo-
dialysis patients is safe.

Although the results in the current cases may not
apply to general hemodialysis patients with heart failure
and large-scale randomized controlled trials are needed,
these findings suggest that long-term sacubitril-valsartan
administration is effective for the treatment of heart fail-
ure with reduced LVEF, not only in non-CKD patients
but also in oliguric or anuric hemodialysis patients.

Conclusion

Long-term sacubitril-valsartan administration has a
beneficial cardiac effect in hemodialysis patients with a
reduced LVEFE.

Abbreviations

AVR Aortic valve replacement

LVEF Left ventricular ejection fraction
NT-proBNP N-Terminal pro-brain natriuretic peptide
ANP Atrial natriuretic peptide
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Acknowledgements
The authors thank all the staff members working at Daimon Clinic for Internal
Medicine, Nephrology and Dialysis.

Author contributions
SD was a contributor in writing the manuscript. All authors read and approved
the final manuscript.

Funding
This study was not supported by any grants or funding.

Availability of data and materials
The datasets generated during the current study are available from the cor-
responding author on reasonable request.



Daimon et al. Renal Replacement Therapy (2023) 9:19

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee at the facility in which the studies were conducted (IRB
approval number 2022 A-2) and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

Consent for publication
Informed consent for publication was obtained from the individual partici-
pants included in the study.

Competing interests
The authors declare that they have no competing interests.

Received: 27 October 2022 Accepted: 9 April 2023
Published online: 18 April 2023

References

1. Banerjee D, Rosano G, Herzog CA. Management of heart failure patient
with CKD. Clin J Am Soc Nephrol. 2021;16(7):1131-9.

2. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. N Engl J
Med. 2014;371(11):993-1004.

3. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al.
Angiotensin-neprilysin inhibition in heart failure with preserved ejection
fraction. N Engl J Med. 2019;381(17):1609-20.

4. Rosner MH. Measuring risk in end-stage renal disease: is N-terminal pro
brain natriuretic peptide a useful marker? Kidney Int. 2007,71(6):481-3.

5. Heyse A, Manhaeghe L, Mahieu E, Vanfraechem C, Van Durme F. Sacubi-
tril/valsartan in heart failure and end-stage renal insufficiency. ESC Heart
Fail. 2019;6(6):1331-3.

6. LeeS,Oh J,KimH, Ha J, Chun KH, Lee CJ, et al. Sacubitril/valsartan in
patients with heart failure with reduced ejection fraction with end-stage
of renal disease. ESC Heart Fail. 2020;7(3):1125-9.

7. LihuaW, Cheng L, Chen H, Wei F, Jiang A. Use of angiotensin recep-
tor neprilysin inhibitor in patients on maintenance hemodialysis with
reduced cardiac ejection fraction, real-world experience from a single
center. Iran J Kidney Dis. 2021;15(4):288-99.

8. Daimon S, Yasuda M, Maeda K. Effect of sacubitril-valsartan on cardiac
function in hemodialysis patients. Ther Apher Dial. 2022;26(1):244-5.

9. WenY, XiaY, Gong Y. Effects and safety of Sacubitril/Valsartan (SV) on
heart function and blood pressure in maintenance hemodialysis (MHD)
patients. Am J Trans| Res. 2022;14(5):3439-47.

10. Feng, LiW, Liu H, Chen X. Low dose sacubitril/valsartan is effective
and safe in hemodialysis patient with decompensated heart failure and
hypotension: a case report. Medicine (Baltimore). 2022;101(15): €29186.

11. Saunders JT, Nambi V, de Lemos JA, Chambless LE, Virani SS, Boerwinkle
E, et al. Cardiac troponin T measured by a highly sensitive assay predicts
coronary heart disease, heart failure, and mortality in the atherosclerosis
risk in communities study. Circulation. 2011;123(13):1367-76.

12. Yasue H, Yoshimura M, Sumida H, Kikuta K, Kugiyama K, Jougasaki M, et al.

Localization and mechanism of secretion of B-type natriuretic peptide in
comparison with those of A-type natriuretic peptide in normal subjects
and patients with heart failure. Circulation. 1994;90(1):195-203.

13. Kuhn M. Molecular physiology of membrane guanylyl cyclase receptors.
Physiol Rev. 2016,96(2):751-804.

14. Gardner DG, Chen S, Glenn DJ, Grigsby CL. Molecular biology of the

natriuretic peptide system: implications for physiology and hypertension.

Hypertension. 2007;49(3):419-26.

15. Januzzi JL Jr, Prescott MF, Butler J, Felker GM, Maisel AS, McCague K, et al.
Association of change in N-terminal pro-B-type natriuretic peptide fol-
lowing initiation of sacubitril-valsartan treatment with cardiac structure
and function in patients with heart failure with reduced ejection fraction.
JAMA. 2019;322(11):1085-95.

Page 10 of 10

16. Deray G, Maistre G, Cacoub P, Barthelemy C, Eurin J, Carayon A, et al. Renal
and hemodialysis clearances of endogenous natriuretic peptide. Clinic
Experiment Stud Nephron. 1990;54(2):148-53.

17. van Kimmenade RR, Januzzi JL Jr, Bakker JA, Houben AJ, Rennenberg R,
Kroon AA, et al. Renal clearance of B-type natriuretic peptide and amino
terminal pro-B-type natriuretic peptide a mechanistic study in hyperten-
sive subjects. J Am Coll Cardiol. 2009;53(10):884-90.

18. Hall C. NT-ProBNP: the mechanism behind the marker. J Card Fail.
2005;11(5 Suppl):S81-3.

19. Tagore R, Ling LH, Yang H, Daw HY, Chan YH, Sethi SK. Natriuretic peptides
in chronic kidney disease. Clin J Am Soc Nephrol. 2008;3(6):1644-51.

20. Vickery S, Price CP, John RI, Abbas NA, Webb MC, Kempson ME, et al.
B-type natriuretic peptide (BNP) and amino-terminal proBNP in patients
with CKD: relationship to renal function and left ventricular hypertrophy.
Am J Kidney Dis. 2005;46(4):610-20.

21. Bansal N, Hyre Anderson A, Yang W, Christenson RH, deFilippi CR, Deo R,
et al. High-sensitivity troponin T and N-terminal pro-B-type natriuretic
peptide (NT-proBNP) and risk of incident heart failure in patients with
CKD: the chronic renal insufficiency cohort (CRIC) study. J Am Soc Neph-
rol. 2015;26(4):946-56.

22. Madsen LH, Ladefoged S, Corell P, Schou M, Hildebrandt PR, Atar D. N-ter-
minal pro brain natriuretic peptide predicts mortality in patients with
end-stage renal disease in hemodialysis. Kidney Int. 2007;71(6):548-54.

23. Basile C, Lomonte C, Vernaglione L, Casucci F, Antonelli M, Losurdo N. The
relationship between the flow of arteriovenous fistula and cardiac output
in haemodialysis patients. Nephrol Dial Transplant. 2008;23(1):282-7.

24. Warja M, Laveborn E, Ott M, Jonsson AP, Stegmayr B. NT-pro-BNP as
marker for cardiac strain that may be caused by high-output arterio-
venous shunting in a haemodialysis patient. A case report BMC Nephrol.
2020;21(1):544.

25. Nakagawa Y, Nishikimi T, Kuwahara K. Atrial and brain natriuretic peptides:
hormones secreted from the heart. Peptides. 2019;111:18-25.

26. Kouw PM, Kooman JP, Cheriex EC, Olthof CG, de Vries PM, Leunissen KM.
Assessment of postdialysis dry weight: a comparison of techniques. J Am
Soc Nephrol. 1993;4(1):98-104.

27. David S, Kimpers P, Seidler V, Biertz F, Haller H, Fliser D. Diagnostic
value of N-terminal pro-B-type natriuretic peptide (NT-proBNP) for left
ventricular dysfunction in patients with chronic kidney disease stage 5 on
haemodialysis. Nephrol Dial Transplant. 2008;23(4):1370-7.

28. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E, et al.
The angiotensin receptor neprilysin inhibitor LCZ696 in heart failure
with preserved ejection fraction: a phase 2 double-blind randomised
controlled trial. Lancet. 2012;380(9851):1387-95.

29. Yu CM, Bleeker GB, Fung JW, Schalij MJ, Zhang Q, van der Wall EE, et al.
Left ventricular reverse remodeling but not clinical improvement predicts
long-term survival after cardiac resynchronization therapy. Circulation.
2005;112(11):1580-6.

30. Wang B, Wang GH, Ding XX, Tang HX, Zheng J, Liu BC, Zhang XL, et al.
Effects of Sacubitril/Valsartan on resistant hypertension and myo-
cardial work in hemodialysis patients. J Clin Hypertens (Greenwich).
2022;24(3):300-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Long-term cardiac effect of sacubitril-valsartan in hemodialysis patients with a reduced ejection fraction after aortic valve replacement for aortic stenosis: a case report with literature review
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Case 1
	Case 2

	Discussion
	Evaluation of natriuretic peptides levels in general population
	Evaluation of natriuretic peptides levels in hemodialysis patients
	Influences of renal function and hemodialysis treatment on serum NT-proBNP levels
	Influence of cardiac stress by arteriovenous fistula on serum NT-proBNP levels in hemodialysis patients
	Influence of cardiac stress by volume overload on serum NT-proBNP levels in hemodialysis patients

	Conclusion
	Acknowledgements
	References


