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Abstract

In the pharmacologic treatment of primary aldosteronism (PA), ti-
tration of mineralocorticoid receptor antagonist (MRA) dosing is
necessary to reverse the renin suppression caused by high aldoster-
one levels. However, we often encounter cases in which the plasma
renin activity (PRA) does not achieve the target level, even with
the maximum dose of MRA. In this setting, sacubitril/valsartan, a
combination of a neprilysin inhibitor and an angiotensin II type 1
receptor blocker that is approved for use as adjunctive therapy with
an MRA, has been reported to inhibit aldosterone secretion both in
vitro and in vivo. If sacubitril/valsartan proves to be effective in this
context, it may offer a promising treatment for PA. However, there
are few reports on the use of sacubitril/valsartan in this disease. We
used add-on sacubitril/valsartan in three patients with PA, in whom
blood pressure was insufficiently reduced and PRA remained sup-
pressed despite administering the maximum dose of MRA. With
the addition of sacubitril/valsartan, the decrease in plasma aldos-
terone concentration (PAC) was more marked than the increase in
PRA. Because MRAs do not suppress aldosterone production but
instead act by blocking mineralocorticoid receptors, use of these
agents actually promotes the renin-angiotensin system and leads to
increased PAC resulting from positive feedback. The pathological
significance of the phenomenon whereby PAC increases with MRA
administration but decreases with the addition of sacubitril/valsar-
tan is unclear. In PA, more effective treatment may be possible by
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suppressing aldosterone with sacubitril/valsartan and blocking the
action of aldosterone with MRAs.
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Introduction

Primary aldosteronism (PA) is a major form of secondary
hypertension that causes cardiovascular events independent
of blood pressure (BP) elevation [1, 2]. PA can result in fatal
complications, and surgical treatment may be strongly recom-
mended [3]. PA encompasses several subtypes, including al-
dosterone-producing adenoma (APA), which can be confirmed
by computed tomography, aldosterone-producing microad-
enoma, and idiopathic hyperaldosteronism (IHA). Addition-
ally, there are nonfunctioning adenomas that do not produce
aldosterone [4].

For these reasons, it is necessary to confirm the unilat-
erality of PA by adrenal vein sampling (AVS) before defini-
tive surgical treatment [5, 6]. In the context of treatment for
PA, it was originally thought that prognosis did not differ
with surgical vs. pharmacologic therapy [7], although it has
recently been reported that surgical therapy is associated
with a better prognosis, as compared to inadequate pharma-
cologic therapy [8, 9]. However, if the patient requests phar-
macologic therapy or if AVS shows bilateral lesions, treat-
ment with a mineralocorticoid receptor antagonist (MRA)
becomes necessary. In pharmacologic therapy for PA, it
is important to reverse the suppression of renin caused by
high aldosterone levels, and titration of the medication dose
is considered necessary to achieve a plasma renin activity
(PRA) level greater than 1.0 ng/mL/h [9]. However, we of-
ten encounter cases in which the PRA does not achieve this
target level, even with the maximum dose of MRA [10]. If
MRA monotherapy cannot sufficiently reverse the inhibition
of PRA in PA, the level of patient risk has not been suf-
ficiently mitigated; however, concomitant use of additional
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MRAS is usually contraindicated.

In the setting of unsuccessful MRA monotherapy for PA,
sacubitril/valsartan (an angiotensin II type 1 receptor-nepri-
lysin inhibitor) has been reported to suppress aldosterone se-
cretion both in vitro and in vivo [11-14]. Sacubitril/valsartan
is a combination drug composed of valsartan, an angiotensin
receptor blocker (ARB), and sacubitril, an inhibitor of neprily-
sin, a natriuretic peptide (NP)-degrading enzyme. If sacubitril/
valsartan, which is approved to treat hypertension and for use
as adjunctive therapy with an MRA, proves to be effective in
this context, this medication may offer a very promising treat-
ment option for PA. However, there are few reports on the use
of sacubitril/valsartan in patients with PA. Here, we report on
changes in laboratory values after adding sacubitril/valsartan
in three patients with PA whose BP was insufficiently reduced
and whose PRA remained suppressed despite administering
the maximum dose of an MRA.

Case Reports

Case 1

This female patient was in her 40s and had juvenile hyper-
tension, hypokalemia, a 19-mm left adrenal mass, and a high
aldosterone-to-renin ratio (ARR). She was diagnosed with PA
on the basis of positive results on a captopril challenge test,
furosemide stress test, and saline infusion test.

Because the patient requested radical surgical treatment,
“super-selective” segmental AVS using a microcatheter was
performed after adrenocorticotropic hormone loading to con-
firm detailed mapping of lesions within the adrenal glands
[15, 16]. We attempted to advance the microcatheter into both
branches of the adrenal vein [17], and we were able to con-
firm the left adrenal mass using contrast imaging and collected
blood at various locations. However, in the right adrenal gland,
the vascular lumen collapsed as a result of narrowing of the
right adrenal vein due to hypoplasia of the gland. Therefore,
although the microcatheter was successfully inserted, it was
impossible to collect blood.

The results of AVS suggested that PA in this patient was
due to THA, a left APA, or bilateral APAs [18]. Regardless of
an APA on the left side, the right adrenal gland was hypoplas-
tic, indicating that removal of the left adrenal gland may lead
to adrenal insufficiency or decline. After consulting with the
patient, we decided not to perform AVS again but rather to pro-
ceed with pharmacologic therapy.

As BP in this patient was not adequately lowered with
the originally prescribed calcium channel blocker (amlodi-
pine 5 mg), an MRA (esaxerenone) was added, and the MRA
dose was increased to the maximum (5 mg) (Fig. 1). Even af-
ter adding esaxerenone, the BP did not decrease sufficiently.
PRA temporarily rose to 1.3 ng/mL/h and then fell below 1.0
ng/mL/h. Aldosterone increased by approximately threefold.
Therefore, we switched from amlodipine to sacubitril/valsar-
tan and observed both the PRA and plasma aldosterone con-
centration (PAC); PRA temporarily rose to 1.5 ng/mL/h but
then decreased, and the PAC gradually decreased.

Case 2

This female patient was in her 60s and had a history of hyper-
tension diagnosed in her 40s. Her ARR was high. A captopril
challenge test was positive, confirming the diagnosis of PA.
No mass was found in the adrenal glands, and IHA or a micro-
adenoma was suspected.

As the patient preferred pharmacologic therapy, the maxi-
mum dose of esaxerenone (5 mg) was added to the amlodipine
5 mg that she was already taking (Fig. 2). With the addition of
esaxerenone, the PAC increased, PRA remained below 1.0 ng/
mL/h, and BP did not decrease sufficiently. Over the 3 years
following the addition of esaxerenone, the PAC gradually de-
creased. Thereafter, amlodipine was switched to sacubitril/
valsartan, and mild reductions in the PAC and ARR were ob-
served.

Case 3

This female patient was in her 30s and was diagnosed with
PA on the basis of early-onset hypertension, a high ARR, and
a positive captopril challenge test. She had no obvious adre-
nal adenoma. Given that she experienced systemic itching and
edema due to the contrast agent used for contrast-enhanced
computed tomography, she chose pharmacologic treatment
without AVS.

Poor BP control, hypokalemia, and hyporeninemia per-
sisted despite administration of spironolactone 50 mg. There-
fore, eplerenone 100 mg was carefully added to MRA therapy
(Fig. 3). However, no improvement was observed. Therefore,
eplerenone was replaced with esaxerenone 5 mg, which is re-
ported to have strong mineralocorticoid receptor selectivity.
Nevertheless, PRA did not exceed 1.0 ng/mL/h.

The patient temporarily self-discontinued treatment for
2 weeks, and blood tests revealed that the PAC, which had
been elevated during MRA therapy, decreased. The medica-
tion regimen was resumed, but BP control gradually became
poor; thus, sacubitril/valsartan 100 mg was added. Because
PRA markedly increased and the PAC decreased, spironolac-
tone was discontinued, and the dose of sacubitril/valsartan was
increased to 200 mg. PRA then exceeded 1.0 ng/mL/h.

Postscript

In March 2021, during the course of follow-up in case 2 and
case 3, the standard assay used to measure PAC changed from
radioimmunoassay to chemiluminescent enzyme immunoas-
say (CLEIA) [19].

Discussion

In this report, we present three cases in which sacubitril/vals-
artan was added to pharmacologic treatment in patients with
PA who had already received therapy with an MRA. Case 1
involved a suspected APA in a patient receiving an MRA. Case
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Figure 1. Case 1 involved a patient with primary aldosteronism likely caused by an aldosterone-producing adenoma (calcium
channel blocker — sacubitril/valsartan). The patient was on amlodipine, with insufficient reduction in BP. Therefore, esaxerenone
was added, although BP still did not decrease sufficiently, and the PAC increased. Amlodipine was subsequently changed to sa-
cubitril/valsartan; PRA temporarily increased, and the PAC gradually decreased. PAC: plasma aldosterone concentration; PRA:
plasma renin activity; ARR: aldosterone-to-renin ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; PR: pulse

rate; bpm: beats per minute.

2 involved suspected [HA in a patient receiving an MRA. Case

3 involved suspected IHA in a patient receiving two types of
MRA:s.

Changes in PRA and PAC

In all cases, we intended to reverse the inhibition of PRA by
titrating the MRA dose so that PRA exceeded 1.0 ng/mL/h
[9]. Even with the maximum dose of MRA, however, PRA re-
mained less than 1.0 ng/mL/h, and pharmacologic therapy was
considered insufficient. With the addition of sacubitril/valsar-
tan, no obvious changes in PRA were seen in case 1 and case
2, although a significant increase in PRA was observed in case
3. By contrast, marked reductions in PAC occurred in all cases.

MRAs, such as spironolactone, generally exert their effect
not by suppressing aldosterone production but rather by block-
ing the mineralocorticoid receptor, causing activation of the
renin-angiotensin-aldosterone system (RAAS) and thus result-

ing in increased PAC due to positive feedback [20]. In patients
with PA, administration of MRAs normalizes the suppressed
PRA, and PAC increases [20]. The varying degrees of inhi-
bition of mineralocorticoid receptor binding by type of MRA
have been demonstrated in vitro [21], and it has been reported
that the effects of MRAs may differ across patients [10]. How-
ever, the in vivo pathological significance of increased PAC
due to administration of MRAs is unknown.

In case 3, PRA significantly increased after administration
of sacubitril/valsartan. Aldosterone production, which was en-
hanced as a result of strong positive feedback due to the two
MRA drugs, may have been suppressed by the addition of sa-
cubitril/valsartan, facilitating an increase in PRA. Blocking the
RAAS often causes unexpected problems in vivo, such as the
aldosterone breakthrough phenomenon [22]. In the treatment
of PA, it may be beneficial not only to block mineralocorticoid
receptors by using MRAs but also to directly suppress aldos-
terone production in the adrenal glands.

In case 2, the PAC appeared to increase and then gradually
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Figure 2. Case 2 involved a patient with primary aldosteronism likely caused by idiopathic hyperaldosteronism (calcium channel
blocker — sacubitril/valsartan). Although the addition of esaxerenone led to an increased PAC, PRA did not sufficiently increase.
About 3 years after esaxerenone was added, the PAC gradually decreased. After switching amlodipine to sacubitril/valsartan,

the PAC and ARR decreased slightly. *PAC values measured

by radioimmunoassay prior to March 2021 have been converted to

values consistent with the use of CLEIA to reflect changes in the standard assay used to measure PAC [19]. PAC: plasma aldoster-
one concentration; PRA: plasma renin activity; ARR: aldosterone-to-renin ratio; CLEIA: chemiluminescent enzyme immunoassay.

decrease after long-term administration of esaxerenone prior
to the addition of sacubitril/valsartan. Long-term administra-
tion of spironolactone has been reported to cure IHA [23] and
to suppress excessive aldosterone secretion caused by an APA
[24]. In this patient, the PAC may have decreased as a result of
the long-term effects of the MRA.

Increased intake of salt suppresses renin secretion; thus, it
can be difficult to assess the effectiveness of MRA treatment
by using PRA as a surrogate marker in patients with PA [25].
PRA is an unstable marker because it is based on measuring
enzyme activity, for which measured values can change de-
pending on the blood collection environment and storage con-
ditions.

Even in the cases presented here, it was difficult to per-
form longitudinal observation based on PRA, as the transition

512

of PRA is unstable. It would be preferable to evaluate patho-
physiology on the basis of PAC rather than PRA. Reduction
in PAC with the addition of sacubitril/valsartan seems to be a
common phenomenon, although the pathological significance
of this finding is unclear.

NPs and suppression of aldosterone secretion

NPs, such as atrial NP and B-type NP, have been reported to
have vasodilatory effects, natriuretic effects, and aldosterone
secretion-suppressing effects via the action of cyclic guanosine
monophosphate (¢cGMP), a plasma biomarker that inhibits the
RAAS [26]. NP binds to the NP receptor A that is expressed on
the surface of the cell membrane of both smooth muscle cells
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Figure 3. Case 3 involved a patient with primary aldosteronism likely caused by idiopathic hyperaldosteronism (spironolactone —
sacubitril/valsartan). Although eplerenone was changed to esaxerenone, PRA did not exceed 1.0 ng/mL/h. After the patient tem-
porarily self-discontinued treatment, the PAC (which had been elevated with mineralocorticoid receptor antagonist decreased,
and PRA was again suppressed as a result of primary aldosteronism. After the medication regimen was resumed, sacubitril/val-
sartan was added. Because PRA markedly increased and the PAC decreased, spironolactone was discontinued, and sacubitril/
valsartan was increased to the maximum dose. Finally, the PAC and ARR decreased, and PRA remained above 1.0 ng/mL/h.
PAC: plasma aldosterone concentration; PRA: plasma renin activity; ARR: aldosterone-to-renin ratio.

and endothelial cells in blood vessels throughout the body. NP
receptor A suppresses secretion of aldosterone from the adre-
nal glands by increasing intracellular cGMP and activating the
G-kinase system [27].

Neprilysin is an endopeptidase that degrades NPs [28].
Neprilysin is present in many organs, including the proximal
renal tubule, heart, brain, lungs, and vascular endothelium. In
humans, inhibition of neprilysin promotes natriuresis; sup-
presses the sympathetic nervous system; reduces plasma vaso-
pressin, PAC, and PRA; and improves the hemodynamic pro-
file in patients with heart failure with reduced ejection fraction
(HFrEF) [29]. Sacubitril suppresses the endogenous degrada-
tion of NP by inhibiting neprilysin. As NPs inhibit secretion of
aldosterone, sacubitril is thought to suppress the organ-dam-
aging effects of aldosterone. However, neprilysin is involved
in the degradation of not only NP but also other peptides, such
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as angiotensin II, adrenomedullin, bradykinin, and endothelin.
If a neprilysin inhibitor is used alone, levels of angiotensin II
increase, worsening the pathophysiological condition. There-
fore, sacubitril/valsartan has been used clinically in combina-
tion with an RAAS inhibitor.

Sacubitril/valsartan and aldosterone

In a canine RAAS activation model with a low-salt diet, sa-
cubitril/valsartan increased circulating levels of ¢cGMP and
decreased PAC [12]. Administration of sacubitril/valsartan in
healthy human participants has also been shown to suppress
PAC and increase PRA [30].

Overall, sacubitril/valsartan inhibits PAC in vivo. Admin-
istration of sacubitril/valsartan in patients with HFrEF has been
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reported to result in increased neprilysin, cGMP, and PRA and
significantly reduced PAC and plasma N-terminal pro-B-type
NP levels [13]. The aldosterone-lowering effect of sacubitril/
valsartan has been demonstrated to be stronger than that of
enalapril [14, 31]. Additionally, sacubitril/valsartan was found
to be more effective than enalapril in reducing risks of death
and hospitalization due to heart failure [32]. The improved
prognosis with sacubitril/valsartan may be directly related to
the suppression of aldosterone production that is associated
with this medication.

The PAC-lowering effect of sacubitril/valsartan may be
due to the mechanism of AT1 receptor inhibition by the ARBs
in sacubitril/valsartan. In one study involving angiotensin II-
sensitized human adrenocortical cells, however, the addition
of sacubitril or valsartan alone did not inhibit aldosterone
synthesis, and sacubitril inhibited aldosterone synthesis only
when acting in conjunction with an NP [11]. In other words,
the mechanism of the aldosterone-lowering effect of sacubitril/
valsartan seems to be mediated by ARBs as well as enhance-
ment of NP due to inhibition of neprilysin (Fig. 4).

In a mouse model of type 2 diabetes with aldosterone ex-
cess, sacubitril/valsartan increased both renal plasma flow and
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the glomerular filtration rate and improved tubulointerstitial
fibrosis, compared with valsartan or sacubitril alone. The au-
thors of the report suggested that sacubitril and valsartan may
act together to protect against aldosterone load-induced dam-
age [33]. In another study that involved patients with HFrEF,
despite treatment with angiotensin-converting enzyme inhibi-
tors and beta-blockers, the addition of sacubitril/valsartan was
more effective than the addition of MRA [34]. One of the
mechanisms of this action may be the inhibitory effect on al-
dosterone production that is seen with sacubitril/valsartan but
absent with MRAs.

Other medications inhibiting aldosterone production

Osilodrostat, an aldosterone synthase inhibitor with similar
PAC-lowering effects as sacubitril/valsartan, was developed as
an orally available specific inhibitor of aldosterone synthase
(CYP11B2).

Oral administration of osilodrostat has been shown to
produce a good BP-lowering effect [35], and use of this drug
in patients with PA has resulted in significantly reduced PAC
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[36]. However, osilodrostat also inhibits CYP11B1 and de-
creases cortisol production, which has the side effect of caus-
ing adrenal insufficiency; consequently, this medication has
come to be used as a treatment for Cushing disease. Baxdrostat
[37], which has greater selectivity for CYP11B2, has demon-
strated effectiveness in lowering BP, increasing PRA, and sig-
nificantly reducing PAC [38]. Clinical trials of baxdrostat are
underway [38, 39] and will likely lead to future discussions
comparing the pathophysiology underlying reductions in PAC
seen with aldosterone synthase inhibitors versus increases in
PAC observed with MRAs.

Conclusions

PA involves the pathologically excessive production of aldos-
terone. In the future, large numbers of patients with PA hope-
fully will be evaluated to assess how the administration of
sacubitril/valsartan affects prognosis and whether decreased
PAC can serve as a surrogate marker for prognosis. Given
the pathophysiology of PA, more effective treatment may be
possible by using sacubitril/valsartan to suppress aldosterone
along with MRA therapy to block the action of aldosterone.

Limitation

These three cases were actually diagnosed by first author in
other hospital and transferred to the hospital where first author
currently work. We changed the patients’ medication as this
case reports in our current hospital. They were not referred by
a medical practitioner. Therefore, we unfortunately found that
detailed patients characteristics had not been recorded in this
hospital.

In future, we should conduct statistical analysis on many
more cases to confirm this phenomenon. Recently, we have
just received permission from the ethical committee to conduct
a clinical study to statistically examine changes in plasma al-
dosterone concentration and plasma renin activity when sacu-
bitril/valsartan is added to patients with primary aldosteronism
who are taking MRA.
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