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Context: While current guidelines recommend the withdrawal of mineralocorticoid receptor
antagonist (MRA) and renin-angiotensin system blockers for the screening and detection of primary
aldosteronism (PA), this can worsen hypokalemia and control of high blood pressure (BP) values.

Objective: To investigate whether aldosterone/renin ratio (ARR) values were affected by the
MRA canrenone and/or by canrenone plus olmesartan treatment in patients with PA.

Design: Within-patient study.
Setting: The European Society of Hypertension center of excellence at the University of Padua.

Patients: Consecutive patients with an unambiguous diagnosis of PA subtyped by adrenal vein
sampling.

Interventions: Patients were treated for 1 month with canrenone (50-100 mg orally), and
for an additional month with canrenone plus olmesartan (10-20 mg orally). Canrenone and
olmesartan were up-titrated over the first 2 weeks until BP values and hypokalemia were
controlled. Patients with unilateral PA were adrenalectomized; those with bilateral PA were
treated medically.

Main Outcome Measures: BP, plasma levels of sodium and potassium, renin and aldosterone.

Results: Canrenone neither lowered plasma aldosterone nor increased renin; thus, the high ARR
and true positive rate remained unaffected. Addition of the angiotensin type 1 receptor blocker
raised renin and slightly lowered aldosterone, which reduced the ARR and increased the false
negative rate.

Conclusions: At doses that effectively controlled serum potassium and BP values, canrenone
did not preclude an accurate diagnosis in patients with PA. Addition of the angiotensin type 1
receptor blocker olmesartan slightly raised the false negative rate. Hence, MRA did not seem to
endanger the accuracy of the diagnosis of PA. (J Clin Endocrinol Metab 105: 2060-2067, 2020)
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rimary aldosteronism (PA) affects about 6% of the
hypertensive patients seen by general practitioners
(1, 2), more than 11% of those referred to specialized
centers (3), and 17% to 23% of those with drug-
resistant hypertension (4). There is compelling evidence
that PA patients are at higher risk of atrial fibrillation,
left ventricular hypertrophy, stroke, and heart failure (3,
6). Notwithstanding these consequences and its being
the most common curable endocrine cause of arterial
hypertension, PA is markedly underdiagnosed (1, 7),
leaving many patients exposed to hyperaldosteronism
over the long term. Besides the fact that the diagnostic
work-up of PA is perceived as complex and cumber-
some, a major reason for under-detection of PA is the
recommendation to withdraw antihypertensive drugs
that might affect the plasma levels of renin and aldos-
terone, the key biomarkers recommended by the guide-
lines to calculate the aldosterone/renin ratio (ARR).
Mineralocorticoid receptor antagonists (MRAs)
are the most effective drugs for controlling
hyperaldosteronism, but when patients are being treated
with these and other agents, the recognition of PA is
seen as challenging. Therefore, withdrawal of MRAs is
recommended for 4 to 6 weeks before measuring the
ARR. However, this practice, albeit endorsed by the
guidelines (8), is not evidence-based and relies on an-
ecdotal experiences and retrospective observational
studies (9, 10). Moreover, the few studies conducted so
far in patients with drug-resistant hypertension, who
are, by definition, on multiple agents, support the pos-
sibility of screening for PA patients on MRA (11, 12).
Proving that case detection of PA is feasible without
withdrawing or switching treatment is important for at
least 3 reasons: (i) PA patients can present with severe
drug-resistant arterial hypertension that exposes them
to an increased risk of events if treatment is switched
or withdrawn; (ii) they are exquisitely responsive to
MRA; (iii) hypokalemia can be life-threatening when
present and profound, and can blunt aldosterone se-
cretion, thus causing false-negative ARR results. MRAs
can effectively control both the hypokalemia and the
severe hypertension of patients with a florid PA pheno-
type, and are often used in combination with blockers
of the renin-angiotensin system to minimize the MRA
dose and thus their side effects. Therefore, we planned
a prospective within-patient study to determine if MRA
treatment, either alone or combined with blockade of
the angiotensin type 1 receptor (AT1-R), could alter the
plasma concentration of aldosterone (PAC), active renin
(DRC), and the ARR, thus compromising the identifi-
cation of PA. To this aim, following the Standards for
Reporting Diagnostic accuracy (STARD) guidelines
for validating diagnostic tests, which recommend use
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of a gold standard reference, we used the diagnosis of
aldosterone-producing adenoma (APA) (13) as conclu-
sively established by the “five corners” criteria (Online
Data Supplement Table 1) (14, 15).

Materials and Methods

Patients

The research protocol was approved by the local insti-
tutional review board and all participants gave written in-
formed consent. We prospectively recruited consecutive
patients referred to the European Society of Hypertension
(ESH) center of excellence of the University of Padua, who
at screening were switched to a non-interfering treatment
following the Endocrine Society practice guidelines recom-
mendations (8), and who presented a PA phenotype. Hence,
after the ARR was shown to be unequivocally elevated twice
under treatment with noninterfering agents, all underwent a
confirmatory test with captopril challenge, as reported (3).
Those wishing to pursue surgical cure were then submitted
to adrenal vein sampling (AVS), on average 4 to 8 weeks after
the initial screening (8).

Included patients were men and women from 18 to
75 years of age. Exclusion criteria comprised refusal to partici-
pate to the study and known history of allergy or intolerance
to canrenone, olmesartan, and the contrast medium required
for AVS.

Data availability

The datasets generated and/or analyzed during the current
study are not publicly available but are available from the cor-
responding author on reasonable request. The data are pro-
tected by privacy safeguards.

Diagnostic criteria

Blood pressure (BP) was measured under attended condi-
tions with a semiautomated device and confirmed by 24-hour
BP monitoring (Spacelabs Healthcare, Snoqualmie, WA) in
case a white-coat effect was suspected.

The patients underwent a bilaterally simultaneous ad-
renal vein catheterization under unstimulated conditions (16).
Bilateral AVS success was defined as a cortisol-based and an
androstenedione-based (17) selectivity index > 2.0. Unilateral
PA was diagnosed in patients with lateralization index > 2.0,
based on recommendations of experts (18) and results of the
largest available AVS registry (19).

The patients who showed unilateral PA at a successful AVS
underwent unilateral laparoscopic adrenalectomy, which was
followed by clinical and biochemical retesting after 1 month
to verify biochemical cure (20). Normalization of plasma al-
dosterone, renin, and potassium levels after surgery, alongside
demonstration on pathology of a CYP11B2-expressing ad-
enoma at immunohistochemistry were required to confirm the
diagnosis in all cases (21).

Following an identical protocol, we investigated in
parallel PA patients who showed bilateral secretion of al-
dosterone on AVS, as defined above, indicating bilateral
adrenal hyperplasia. These patients were given medical
treatment as needed to control their high BP and hypokal-
emia, if present.
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Table 1. Demographic and Clinical Features at Baseline of the PA Patients

Surgically treated

Medically-treated

Variable (n=32) (n=10) P

Age (years) 50+8 50 + 11 0.01
Female Sex (n, % F) 18 (57%) 5(50%) 0.34
BMI (K%/mz) 245+ 45 25.0+5.0 0.63
BSA (m?) 1.83+0.23 1.84+0.25 0.62
Systolic BP (mmHg) 155+ 18 149 +7 0.13
Diastolic BP (mmHg) 93+13 88+ 11 0.26
Serum Creatinine (micromol/L) 74 + 16 64+56 0.04
Serum Na* (mmol/L) 143 £ 2 142 +2 0.34
Serum K* (mmol/L) 3.3+0.6 36+04 0.15
Urinary Na* Excretion (mmol/day) 152 + 62 161 +43 0.68
Urinary K* Excretion (mmol/day) 81 +35 88 + 26 0.56
DRC (mIU/L) 2.0(2.0-2.0) 2.3(2.0-3.8) 0.20
PAC (ng/dL) 24.6 (16.2-29.9) 15.5(13.1-18.8) 0.01
ARR (ng/miU) 95.8 (67.0-136.7) 63.6 (34.5-94.2) 0.04

For ARR calculation, the minimum value of DRC was set at 2.0 mIU/L. Normal values on a 100-200 mmol Na*/day: DRC > 2.8 mIU/L, PAC < 12 ng/
dL, ARR < 20.6 (ng/miU). Data are presented as mean + SD or median and interquartile range, as appropriate.
Abbreviations: ARR, aldosterone/renin ratio; BP, blood pressure; BMI, body mass Index; BSA, body surface area; DRC, direct active renin concentra-

tion; PAC, plasma aldosterone concentration.

Study Design

The protocol of the study is summarized here as it has
been previously published (22), and is reported as online Data
Supplement Fig. 1 (14). Briefly, before the initial screening,
all patients were instructed to maintain their usual salt in-
take throughout the screening and study period. They were
switched to a non-interfering treatment following the guide-
lines recommendations (8): angiotensin converting enzyme
(ACE) inhibitors, angiotensin type 1 receptor blockers (ARBs),
beta-blockers, and diuretics were stopped for 4 weeks and
MRASs were withdrawn for 6 weeks. Oral potassium chloride
(KCI) supplementation was administered, if necessary, to re-
store normokalemia using 24-hour urinary potassium ex-
cretion as a guide to the number of pills. The patients were
switched to receive a long-acting calcium channel blocker,
mostly verapamil slow-release (180 mg/day), and/or doxazosin
(1-4 mg/day). The plasma concentration values of DRC, PAC,
and potassium, and the 24-hour urinary excretion of sodium
and potassium were then measured in an ISO 9001-certified
laboratory at the initial screening and again on the day of AVS,
which was performed on average 4 to 8 weeks after screening,
as reported (23). On both occasions a captopril challenge test
was performed to confirm the diagnosis.

The MRA canrenone (50 mg/day), chosen because it is the
main active metabolite of spironolactone and does not require
liver metabolism for activation (24), was then started with
up-titration to 100 mg/day during the first 2 weeks if needed
to control the hypokalemia and/or BP values, while KCI sup-
plementation was stopped and the background therapy was
either kept unchanged or, if necessary, lowered.

After 1 month, all biochemical measurements were iden-
tically repeated in the same laboratory in all patients. We
next tested the effect on the same biochemical variables of
another month treatment with olmesartan (10 mg/day with
up-titration to 20 mg/day, if necessary) on top of canrenone
and background therapy (Online Data Supplement Fig. 1)
(14). This was because ACE inhibitors or ARBs are often pre-
scribed along with MRAs to minimize their dose-dependent
side effects, as erectile dysfunction and gynecomastia are
common in men with high doses of these agents.

Biochemical Testing

DRC and PAC were measured using the commercially
available chemiluminescent assay LIAISON Direct Renin Kit
(DiaSorin, Saluggia, Italy) and LIAISON XL Aldosterone kit
(Diasorin), respectively, which we have previously validated in
a prospective study (25). Sodium and potassium were meas-
ured with standard methods in the same laboratory in serum
and in a 24-hour urine collection.

Statistical Analysis

For descriptive purposes data are presented as mean = SD
(or SE as indicated), or median and interquartile range, as
appropriate. DRC, PAC, and ARR values showed a skewed
distribution and, therefore, were analyzed after achievement
of a normal distribution by log transformation. The within-
patient comparison of values was undertaken using a repeated
measures ANOVA, with Scheffé post hoc test for comparison
between different time points. Distribution of categorical vari-
ables was investigated by Chi square test. Level of significance
was 0.05, and hypothesis tests were 2-sided.

SPSS (IBM SPSS Statistics for Windows, version 25
Bologna, Italy) and GraphPad (vers 0.8.3 for Mac, La Jolla,
CA) were used for statistical analysis.

Sample size calculation. We had estimated beforehand that
in this study a sample size of 40 patients provided a 95%
power to show a clinically significant 20% change in the ARR
at a 5% a value using a two-sided paired ¢ test.

Results

Baseline features

The baseline clinical and biochemical features of the
patients were those expected for a cohort of PA patients
(Online Data Supplement Table 2)(14). When divided
according to unilateral or bilateral PA (and therefore
unilateral adrenalectomy or not), the patients showed
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Figure 1. Systolic and diastolic blood pressure values in surgically and medically treated PA patients. A significant decrease in blood pressure
was observed in both groups after 1 month of treatment with the mineralocorticoid receptor antagonist (MRA) canrenone; a further significant

decrease was found only in adrenalectomized patients. Mean + SD.

similar BP values. However, the subgroup who had no
lateralized aldosterone excess at AVS showed a milder
PA phenotype, featuring lower PAC, and lower ARR
values, than the surgically-treated group (Table 1). The
adrenalectomized patients harbored a KCNJS mutation
in 44% and an ATP1A1 mutation in 1 patient, the re-
maining not showing any known mutation.

Effect of MRA and ARB in the surgically treated
patients

In the surgically-cured APA patients, the BP, serum
potassium, PAC, DRC, and ARR values, measured twice
at baseline (B1 and B2), after 1 month of MRA add-on
treatment, and again after another month of combined
MRA and ARB therapy are presented in Figs. 1 to 3. All
values were similar at B1 and B2. After MRA treatment,
BP values fell and serum potassium levels increased
(Fig. 1A and Fig. 2A), while the PAC values remained
elevated and not significantly different from baseline
values (Fig. 3 panel A), although in 3 patients they fell
below 12 ng/dL. Of note, DRC remained suppressed
and the ARR continued to be elevated in all but 1 case,
who had an ARR of 17.2 ng/mIU.

The rate of true positive results, that is, PA pa-
tients with ARR above our threshold for PA identifica-
tion (20.6 ng/mIU) was 97% (P = 0.99) (Online Data
Supplement Table 3) (14). Of note, these changes oc-
curred without changes in 24-hour urinary potassium

and sodium excretion (Online Data Supplement Fig. 2)
(14).

Olmesartan did not change PAC, but 5 patients turned
negative, in that they showed values below 15 ng/dL.
Moreover, olmesartan raised DRC in 9% of the 32 pa-
tients (P < 0.01). Hence, the ARR fell and the rate of
false negative patients increased to 12%, although not
significantly (Online Data Supplement Table 3) (14).

Effects of MRA and ARB in the medically-treated
patients

In the patients who were medically treated because of
bilateral PA, the MRA lowered BP and increased serum
potassium (Fig. 1B and Fig. 2B) in a similar fashion as in
the surgically treated patients. The MRA did not change
the PAC, DRC, or the ARR values from baseline (Fig. 4),
thus leaving the rate of true positive results unchanged
(Online Data Supplement Table 3) (14).

The addition of the ARB did not further decrease the
BP values, but significantly increased the serum potas-
sium compared with the values seen after MRA treat-
ment alone (Fig. 2B). Olmesartan did not affect PAC,
but raised DRC in all except 4 patients. As a result of
these changes, there was a trend (chi square P =0.8)
toward lower ARR values, resulting in 4 patients with
false negative results (i.e., a 40% rate) (Online Data
Supplement Table 3) (14). As in the surgically treated
patients, the 24-hour urinary potassium and sodium
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Figure 2. Serum potassium (K*) in surgically and medically treated APA patients. After 1 month of treatment with the MRA, a significant increase
was observed in both groups; a further significant increase was found in adrenalectomized patients. The shaded area denotes the normal range.

Mean + SD.

excretion did not change significantly (Online Data
Supplement Fig. 2) (14).

Effect of adrenalectomy

After surgery, 50% of the patients were cured from
hypertension, as they needed no antihypertensive medi-
cations (Fig. 1A). The BP values dropped in a highly sig-
nificant manner (on average by 22 mm Hg and 13 mm
Hg for systolic and diastolic, respectively), notwith-
standing the tapering of antihypertensive medications.
It is worth noting that serum potassium levels rose to
normal values in all patients (Fig. 2A), despite no detect-
able changes in 24-hour urinary sodium and potassium
excretion (Online Data Supplement Fig. 2) (14).

The PAC values fell into the normal range in a highly
significant manner (Fig. 3A), which, along with normal-
ization of serum potassium, demonstrated biochemical
cure in all patients (Fig. 2). DRC increased significantly;
however, notwithstanding resolution of hypertension
it remained <2.0 mIU/L in 6 (19%) of the patients
(Fig. 3B), in 3 of whom this persistent renin suppres-
sion could be attributed to concomitant treatment with
bisoprolol (26). As a result of these changes, the ARR
did not fall below 20.6 ng/mIU in 15% of the patients.

Effect of medical treatment

At follow-up, in medically-treated patients the PAC
values remained elevated in all but one case; the DRC
values were no longer suppressed except in one case
receiving bisoprolol (Fig. 4). Likewise none of these

patients were cured of hypertension; on average they re-
quired 2.7 antihypertensive drugs to control their high
BP (Fig. 1B).

The changes of serum potassium and sodium, as well
as the 24-hour urinary potassium and sodium excre-
tion values, did not show differences between groups
allocated to either treatment (Online Data Supplement
Fig. 2) (14).

Discussion

PA is the most common and probably the least investi-
gated endocrine cause of hypertension because of the
hurdles encountered in detection (1). A major factor
among these impediments is the belief that treatment with
antihypertensive agents must be withdrawn for a long
period of time (up to 6 weeks for MRAs) in order to ob-
tain an unbiased assessment of the ARR. There is a diffuse
concern that such a long withdrawal of antihypertensive
agents, and particularly of MRAs, which are effective in
lowering BP and controlling hypokalemia, can expose
patients to the risks of uncontrolled hypertension and/or
hypokalemia-induced arrhythmias. Fragmentary evidence
against this view has, however, been provided by observa-
tional studies (27-29), but not in prospective studies.

Canrenone is the main active metabolite of the proto-
typical MRA, spironolactone, but unlike the latter, does
not require hepatic activation, thus minimizing poten-
tial confounders due interindividual differences of liver
function (24).
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Figure 3. The box and whisker plots show the plasma aldosterone
concentration (PAC), direct renin concentration (DRC), and
aldosterone/renin ratio (ARR) in surgically treated APA patients
measured twice at baseline (B1 and B2). After 1 month of MRA
treatment neither PAC nor DRC (and therefore, the ARR) changed
significantly. Dotted line indicates 15 ng/dL for PAC, 2 mIU/L for
DRC and 20.6 for ARR. Median (interquartile range). * p<.001 vs
Follow-up.

In this study we prospectively recruited a selected co-
hort of PA patients wishing to achieve cure and there-
fore undergoing adrenal vein sampling (AVS). We found
that the administration of canrenone neither lowered
plasma aldosterone nor did it raise active renin. Thus,
it did not factitiously lower the ARR and did not raise
the false negative rate (Figs. 3 and 4) (Online Data
Supplement Table 3) (14). Albeit seen also in the pa-
tients where unilateral PA could not be identified, these
results were more evident in the patients with a florid PA
phenotype due to unilateral PA that was surgically cured
after adrenalectomy. In the latter group, the diagnosis of
APA was conclusively determined following the STARD
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Figure 4. The box and whisker plots show the plasma aldosterone
concentration (PAC), direct renin concentration (DRC), and
aldosterone/renin ratio (ARR) in medically treated APA patients
measured twice at baseline (B1 and B2). After 1 month of MRA
treatment no significant change was found. Dotted line indicates
15 ng/dL for PAC, 2 mIU/L for DRC, and 20.6 for ARR. Median
(interquartile range).

recommendations (13), and by applying the strictest
criteria available to date, including immunochemical
demonstration of CYP11B2-expressing cells in the ad-
enoma found in the excised adrenal gland (Online Data
Supplement Table 1) (14, 15, 21). Being powered to
demonstrate a clinically significant 20% change in the
ARR, (16) this study showed that prescription of an
MRA did not seem to preclude the diagnosis of PA.

Of note, at a dose that further raised serum potas-
sium but provided no more BP lowering, the addition
of the ARB raised renin in some PA patients in both the
surgically and in the medically treated cohorts (Figs. 3
and 4), an effect that could be valuable in PA patients
with persistent hypokalemia despite MRA treatment
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and/or in male patients in whom estrogen-like side ef-
fects impede the up-titration of the MRA.

In the majority of the patients, both surgically and
medically treated, the ARB raised DRC and also slightly
lowered PAC, and therefore factitiously decreased the
ARR, suggesting that the diagnosis of PA could have
been missed if the PA patients were screened while on
ARBs. This seemed to be the case particularly when the
ARR was only borderline elevated in the less florid pa-
tients, as in our subgroup of medically treated PA pa-
tients (Table 1). The adrenals from these patients could
not be obtained for ethical reasons; thus it remains un-
certain if some of them, who remained true positive
with the ARB, also harbored an APA that escaped diag-
nosis, or if they had bilateral adrenal hyperplasia with
scattered aldosterone-producing cell clusters (7).

On the whole, we believe that these findings can
be important for multiple reasons. First, they provide
evidence that concomitant MRA treatment did not
preclude the correct diagnosis in patients with a surgi-
cally curable form of PA, who may present with stage
3 or resistant hypertension and/or prominent hypo-
kalemia, both of which need correction during the
screening phase. There is consensus that the MRAs
are the most efficacious drugs in these patients and
thus they are recommended by the ESH/European
Society of Cardiology guidelines for the treatment
of resistant hypertension (4). Moreover, the patients
with stage 3 or resistant hypertension need to be iden-
tified in a timely manner not only because they are at
the highest risk, but also because they can be cured
with adrenalectomy, both biochemically and clinic-
ally. In patients with PA, both unilateral and bilateral,
canrenone effectively corrected the hypokalemia and
lowered BP, even though it was administered at a rela-
tively low dose. As these hemodynamic and biochem-
ical derangements increase the risk of surgery in these
patients, the possibility of correction, as documented
in this study, is very appealing.

It might be argued that the lack of a control group of
normotensive or essential hypertensive patients is a limi-
tation of this study. However, our predefined aim was not
to validate the use of MRA and/or MRA plus ARB for
the screening of PA from the hypertensive population at
large, but instead to prove the concept that these treat-
ments do not prevent identification of patients who had
a conclusive diagnosis of PA (22). Moreover, whether
different MRAs, such as apararenone, esaxerenone, and
finerenone (30-31), administered for longer periods of
time can furnish the same results remains to be ascer-
tained through specific research. However, as canrenone
is the main active metabolite of spironolactone, the re-
sults obtained with this MRA, which does not require

J Clin Endocrinol Metab, 2020, 105(6):2060-2067

activation in the liver, likely mimic those obtainable
with the parent drug (24).

Recent observational retrospective studies showed
that the persistence of suppressed renin levels in med-
ically treated PA patients can denote a higher risk of
incident atrial fibrillation and renal damage, and might
be an index of inadequate mineralocorticoid receptor
blockade (6, 32). In our subtyped PA patients DRC re-
mained suppressed notwithstanding achievement of
normotension and normokalemia, which indicated ad-
equate mineralocorticoid receptor blockade. However,
it raised after addition of olmesartan, suggesting that
use of plasma renin as a guide for effective control of the
hyperaldosteronism could be inaccurate in PA patients
receiving ARBs and likely also ACE inhibitors.

In summary, at this stage of research the fol-
lowing conclusion seems reasonable: MRA treatment
with canrenone at doses that control hypertension
and hypokalemia does not preclude diagnosis in pa-
tients with PA. Based on these results, at our institu-
tion we now allow use of MRA during the detection of
PA and even at subtyping by means of AVS if renin is
not elevated (18). This allowed a remarkable simplifi-
cation of the workup and a considerable advancement
toward widening the detection of the most common
curable form of arterial hypertension in the population
of hypertensive patients.

Acknowledgments

G.P.R. had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of
the data analysis.

Financial Support: Italian Ministry of Health (RF2011-
02352318) and University of Padova (DOR1625891/16;
DOR1670784/16; BIRD163255/16).

Additional Information

Correspondence and Reprint Requests: Prof. Gian Paolo Rossi,
MD, FACC, FAHA., Clinica dell’Ipertensione Arteriosa —
DIMED, University Hospital, via Giustiniani, 2, 35126
Padova, Italy. E-mail: gianpaolo.rossi@unipd.it

Disclosures. The authors have nothing to disclose.

Data Availability: The datasets generated during and/or
analyzed during the current study are not publicly available
but are available from the corresponding author on reason-
able request.

References

1. Mulatero P, Monticone S, Burrello J, Veglio F Williams TA,
Funder J. Guidelines for primary aldosteronism: uptake by primary
care physicians in Europe. | Hypertens. 2016;34(11):2253-2257.

Gz0z Aienuep ¢z Uo Jasn BoISNW B||ap 8 SAISIA 1. 8|j9p elols ojuswiuediq Aq 8196€/25/0902/9/S0 | /alone/waol/wod dno-olwspeoe//:sdiy Wwol) papeojumod


mailto:gianpaolo.rossi@unipd.it?subject=

doi:10.1210/clinem/dgaa080

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Funder

. Monticone S, Burrello ], Tizzani D, et al. Prevalence and clinical

manifestations of primary aldosteronism encountered in pri-
mary care practice. | Am Coll Cardiol. 2017;69(14):1811-1820.

. Rossi GP, Bernini G, Caliumi C, et al. PAPY Study Investigators.

A prospective study of the prevalence of primary aldoster-
onism in 1125 hypertensive patients. | Am Coll Cardiol.
2006;48(11):2293-2300.

. Williams B, Mancia G, Spiering W, et al. 2018 Practice

Guidelines for the management of arterial hypertension of the
European Society of Hypertension and the European Society of
Cardiology: ESH/ESC Task Force for the Management of Arterial
Hypertension. | Hypertens. 2018;36(12):2284-2309.

. Wu VC, Wang SM, Chang CH, et al. Long term outcome of aldos-

teronism after target treatments. Sci Rep. 2016;6:32103.

. Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A.

Cardiometabolic outcomes and mortality in medically treated
primary aldosteronism: a retrospective cohort study. Lancet
Diabetes Endocrinol. 2018;6(1):51-59.

JW.  Primary  Aldosteronism.
2019;74(3):458-466.

Hypertension.

. Funder JW, Carey RM, Mantero F, et al. The management of pri-

mary aldosteronism: case detection, diagnosis, and treatment: an
endocrine society clinical practice guideline. | Clin Endocrinol
Metab. 2016;101(5):1889-1916.

. Galati SJ, Hopkins SM, Cheesman KC, Zhuk RA, Levine AC.

Primary aldosteronism: emerging trends. Trends Endocrinol
Metab. 2013;24(9):421-430.

Mulatero P, Rabbia F, Milan A, et al. Drug effects on aldos-
terone/plasma renin activity ratio in primary aldosteronism.
Hypertension. 2002;40(6):897-902.

Gallay BJ, Ahmad S, Xu L, Toivola B, Davidson RC. Screening
for primary aldosteronism without discontinuing hypertensive
medications: plasma aldosterone-renin ratio. Am | Kidney Dis.
2001;37(4):699-705.

Byrd JB, Turcu AF, Auchus R]. Primary aldosteronism. Circulation.
2018;138(8):823-835.

Bossuyt PM, Reitsma JB, Bruns DE, et al. Standards for Reporting
of Diagnostic Accuracy. Toward complete and accurate reporting
of studies of diagnostic accuracy. The STARD initiative. Am |
Clin Pathol. 2003;119(1):18-22.

Rossi GP, Ceolotto G, Rossitto G, Maiolino G, Cesari M,
Seccia TM. Effects of Mlneralocorticoid and AT-1 Receptor
Antagonism on The Aldosterone-Renin Ratio (ARR) In Primary
Aldosteronism Patients (EMIRA Study) — A Within-patient Study.
Research Data Unipd. Deposited December 11, 2019. http://
researchdata.cab.unipd.it/id/eprint/309

Gioco F, Seccia TM, Gomez-Sanchez EP, Rossi GP, Gomez-
Sanchez CE. Adrenal histopathology in primary aldosteronism: is
it time for a change? Hypertension. 2015;66(4):724-730.
Rossitto G, Battistel M, Barbiero G, et al. The subtyping of
primary aldosteronism by adrenal vein sampling: sequential
blood sampling causes factitious lateralization. | Hypertens.
2018;36(2):335-343.

Ceolotto G, Antonelli G, Maiolino G, et al. Androstenedione and
17-a-hydroxyprogesterone are better indicators of adrenal vein sam-
pling selectivity than cortisol. Hypertension. 2017;70(2):342-346.
Rossi GP, Auchus RJ, Brown M, et al. An expert con-
sensus statement on use of adrenal vein sampling for
the subtyping of primary aldosteronism. Hypertension.
2014;63(1):151-160.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

https://academic.oup.com/jcem 2067

Rossitto G, Amar L, Azizi M, et al. Subtyping of primary aldos-
teronism in the AVIS-2 Study: assessment of selectivity and lat-
eralisation. J. Clin. Endocrinol. Metab. 2019. Published online
September 20, 2019. doi:10.1210/clinem/dgz017

Williams TA, Lenders JWM, Mulatero P, et al; Primary
Aldosteronism Surgery Outcome (PASO) investigators. Outcomes
after adrenalectomy for unilateral primary aldosteronism: an
international consensus on outcome measures and analysis of
remission rates in an international cohort. Lancet Diabetes
Endocrinol. 2017;5(9):689-699.

Seccia TM, Caroccia B, Gomez-Sanchez EP, Gomez-Sanchez CE,
Rossi GP. The biology of normal zona glomerulosa and
aldosterone-producing adenoma: pathological implications.
Endocr Rev. 2018;39(6):1029-1056.

Rossitto G, Cesari M, Ceolotto G, Maiolino G, Seccia TM,
Rossi GP. Effects of mineralcorticoid and AT-1 receptor antag-
onism on the aldosterone-renin ratio (ARR) in primary aldos-
teronism patients (EMIRA Study): rationale and design. . Hum.
Hypertens. 2019;33(2):167-171.

Maiolino G, Rossitto G, Bisogni V, et al. Quantitative value
of aldosterone-renin ratio for detection of aldosterone-
producing adenoma: The Aldosterone-Renin Ratio for
Primary Aldosteronism (AQUARR) study. J. Am. Heart Assoc.
2017;6(5):005574.

Kolkhof P, Biarfacker L. 30 YEARS OF THE
MINERALOCORTICOID RECEPTOR: Mineralocorticoid re-
ceptor antagonists: 60 years of research and development. |
Endocrinol. 2017;234(1):T125-T140.

Rossi GP, Ceolotto G, Rossitto G, et al. Prospective validation of
an automated chemiluminescence-based assay of renin and aldos-
terone for the work-up of arterial hypertension. Clin Chem Lab
Med. 2016;54(9):1441-1450.

Ahmed AH, Gordon RD, Taylor P, Ward G, Pimenta E,
Stowasser M. Effect of atenolol on aldosterone/renin ratio cal-
culated by both plasma renin activity and direct renin concen-
tration in healthy male volunteers. | Clin Endocrinol Metab.
2010;95(7):3201-3206.

Nanba AT, Wannachalee T, Shields JJ, et al. Adrenal vein sam-
pling lateralization despite mineralocorticoid receptor antagon-
ists exposure in primary aldosteronism. | Clin Endocrinol Metab.
2019;104(2):487-492.

Haase M, Riester A, Kropil P, et al. Outcome of adrenal
vein sampling performed during concurrent mineralocor-
ticoid receptor antagonist therapy. | Clin Endocrinol Metab.
2014;99(12):4397-4402.

Pilz S, Trummer C, Verheyen N, et al. Mineralocorticoid re-
ceptor blockers and aldosterone to renin ratio: a random-
ized controlled trial and observational data. Horm Metab Res.
2018;50(5):375-382.

Bramlage P, Swift SL, Thoenes M, Minguet ], Ferrero C,
Schmieder RE. Non-steroidal mineralocorticoid receptor antag-
onism for the treatment of cardiovascular and renal disease. Eur
J Heart Fail. 2016;18(1):28-37.

Capelli I, Gasperoni L, Ruggeri M, et al. New mineralocorticoid
receptor antagonists: update on their use in chronic kidney
disease and heart failure. J. Nephrol. 2020;33(1):37-48.
Hundemer GL, Curhan GC, Yozamp N, Wang M, Vaidya A.
Incidence of atrial fibrillation and mineralocorticoid receptor ac-
tivity in patients with medically and surgically treated primary
aldosteronism. JAMA Cardiol. 2018;3(8):768-774.

Gz0z Aienuep ¢z Uo Jasn BoISNW B||ap 8 SAISIA 1. 8|j9p elols ojuswiuediq Aq 8196€/25/0902/9/S0 | /alone/waol/wod dno-olwspeoe//:sdiy Wwol) papeojumod


http://researchdata.cab.unipd.it/id/eprint/309
http://researchdata.cab.unipd.it/id/eprint/309
https://doi.org/10.1210/clinem/dgz017

