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Long-term re-evaluation of primary aldosteronism after medical treatment reveals high proportion of
normal mineralocorticoid secretion

Barbara Lucatello, Andrea Benso, Isabella Tabaro, Elena Capello, Mirko Parasiliti Caprino, Lisa Marafetti,
Denis Rossato, Salvatore E Oleandri, Ezio Ghigo, Mauro Maccario

Abstract

Objective In most cases of primary aldosteronism (PA), an adrenal aldosterone-secreting tumor cannot be
reasonably proven, so these patients undergo medical treatment. Controversial data exist about the
evolution of PA after medical therapy: long-term treatment with mineralocorticoid antagonists has been
reported to normalize aldosterone levels but other authors failed to find remission of mineralocorticoid
hypersecretion. Thus, we planned to retest aldosterone secretion in patients with medically treated PA
diagnosed at least 3 years before.

Design Retrospective, cross-sectional study.

Methods The same workup for PA as at diagnosis (basal aldosterone to renin activity ratio (ARR) and
aldosterone suppression test) was performed after stopping interfering drugs and low-salt diet, in 34
subjects with PA diagnosed between 3 and 15 years earlier, by case finding from subgroups of hypertensive
patients at high risk for PA. Criteria for persistence of PA were the same as at diagnosis (ARR (pg/ml per ng
per ml per h) >400, aldosterone >150 pg/ml basally, and >100 pg/ml after saline infusion) or less restrictive.

Results PA was not confirmed in 26 (76%) of the patients and also not in 20 (59%) using the least restrictive
criteria suggested by international guidelines. Unconfirmed PA was positively associated with female sex,
higher potassium levels, longer duration of hypertension, and follow-up, but not with adrenal mass,
aldosterone levels at diagnosis, and treatment with mineralocorticoid antagonists.

Conclusions This study suggests that mineralocorticoid hyperfunction in patients with PA after medical
treatment may decline spontaneously. Higher potassium concentration and duration of treatment seem to
increase the probability of this event.

Introduction

Primary aldosteronism (PA) has been recognized as the most frequent cause of secondary hypertension in
middle-aged adults (1). When caused by an aldosterone-secreting adrenal adenoma, PA is a pathological
condition that can be easily cured by unilateral adrenalectomy. Nevertheless, as the lateralization of the
mineralocorticoid hypersecretion cannot be demonstrated with certainty, patients with PA, even bearing
an adrenal mass, do not undergo surgical treatment. These cases are treated with mineralocorticoid
receptor antagonists unless there are contraindications or side effects. Since the widespread screening of
hypertensive patients, regardless of potassium levels, the medically treated subtype has now become the
most frequent PA subtype (2, 3), but scanty data are available in the literature about its clinical course. In
the 1980s, Biglieri et al. (4) proposed an evolutionary hypothesis of PA, suggesting that the disease could
have started as a low-renin essential hypertension, progressed to bilateral hyperplasia of the zona
glomerulosa, unilateral hyperplasia, and finally to unilateral adenoma. However, no studies have provided
evidence for this theory nowadays. Moreover, patients with unilateral adenoma are usually the youngest
among patients with PA (5, 6), and cases of unilateral adenoma in newborns have also been described (7).

Recent studies suggest a possible remission of PA during prolonged medical treatment with antagonists of
mineralocorticoid receptor (8, 9). However, recently, a reevaluation of aldosterone secretion in 37 patients
with idiopathic hyperaldosteronism from the Munich Conn's Registry has reported only two cases of
‘normalization’ (10). Furthermore, to our knowledge, there are no data on the evolution of PA without



specific anti-aldosterone treatment. For this reason, we planned to reevaluate the spontaneous and
dynamic mineralocorticoid secretion, years after the diagnosis, in patients with medically treated PA, either
treated or not with mineralocorticoid receptor antagonists.

Materials and methods
Patients

Before 2008, among the hypertensive patients diagnosed with PA at our Center for Clinical Management of
Hypertension, 63 patients were judged not to have the indication for surgery. For all these subjects, PA was
suspected according to international guidelines (11) (hypokalemia, hypertension with adrenal mass,
resistant hypertension, juvenile hypertension, and early cardiovascular events in hypertensive patients).
We studied 34 out of these 63 patients, at least 3 years after diagnosis (18 males and 16 females, mean
follow-up 8.4 years, range 3—15 years). The remaining 29 patients were not tested because they did not
give consent or were lost to follow-up. Recruited patients did not differ from not-recruited ones for sex,
aldosterone, and potassium levels at diagnosis, or for the presence of an adrenal mass. Recruited patients
were only slightly younger (58+8.5 vs 64+11 years, meants.d.; P=0.02) and presented a shorter duration of
hypertension at diagnosis (8+7 vs 14+12 years; P=0.03).

All patients studied were regularly followed at our center with 6- to 18-month outpatient visits (or more
frequently if insufficient blood pressure control) to assess compliance to the behavioral and
pharmacological treatment, pressure control on home measurements, hemodynamic compensation, renal
function, and the management of cardiovascular risk factors.

Measures at diagnosis

Diagnosis of PA at referral had been made as the Endocrine Society suggests in the Clinical Practice
Guideline (11); all the following conditions had to be met: i) plasma aldosterone concentration (PAC) over
150 pg/ml, ii) plasma renin activity (PRA) under 1 ng/ml per h, iii) aldosterone to renin ratio (ARR) >400, and
iv) PAC over 100 pg/ml after administration of 21 of saline in 4 h (NaCl test) or over 60 pg/ml after 4 days of
fludrocortisone treatment with 0.4 mg/day (fludrocortisone test). All patients had been diagnosed during a
free diet without salt restriction during the week before the biochemical evaluation. All subjects were given
a potassium supplementation if hypokalemic (i.e. potassium <3.5 mmol/l) and were studied after adequate
(3040 days) withdrawal of interfering drugs. Interfering drugs were considered diuretics, ACE inhibitors,
angiotensin Il receptor antagonists, B-blockers, clonidine, and aldosterone receptor antagonists. Doxazosin
and/or a long-acting calcium channel blocker was prescribed to control hypertension and was continued up
to the end of evaluation. Blood samples for PAC and PRA were obtained in sitting position between 0800
and 1000 h.

Imaging of adrenals (CT scan or magnetic resonance imaging) was also obtained in all subjects: ten patients
had a unilateral lesion, three patients had bilateral lesions, and in the remaining 21 the adrenal morphology
was normal. All patients were advised to undergo an adrenal vein sampling (AVS) in search of a lateralized
secretion of aldosterone, but 14 patients declined (three with a unilateral and one with bilateral lesions).
AVS could not clearly demonstrate a lateralization of aldosterone secretion (lateralization index <4 or
selectivity index <3) (11) in any of the remaining 20 subjects. In seven out of the 13 patients with unilateral
or bilateral lesions (case numbers 6, 8, 14, 18, 23, 32, and 33), we could not get a more precise diagnosis by
AVS (four refused and three had an unsuccessful procedure); nevertheless, we decided to include them in
the study.

For statistical evaluation, we considered as treated with mineralocorticoid receptor antagonist those
patients (22 out of 34) who took these drugs for at least half of the follow-up time. In six patients, a
mineralocorticoid receptor antagonist was the only anti-hypertensive drug taken.



Reevaluation

The Local Ethics Committee approved the study. All subjects gave their consent to participate in the study
and to use clinical data for publication. All patients were studied after withdrawal of interfering therapy for
at least 30 days, suspension of the low-salt diet for a week, and after correction of plasma potassium levels
if needed. In all patients, basal PAC, PRA, ARR, and PAC after NaCl test and potassium and creatinine levels
were measured. The same criteria as at diagnosis were used to define the presence (persistence) of PA.
Furthermore, patients underwent imaging of adrenals by nuclear magnetic resonance (NMR).

Analytical methods

All the assays were performed in the Central Laboratory of our hospital. PRA and PAC were measured by
commercial kits. From 1997 to 2008, PAC was assessed by RIA (ALDOSTERONE MAIA, Adaltis, Bologna,
Italy). The sensitivity of the assay was 6.0 pg/ml. The intra- and interassay coefficients of variations (CV)
were from 5.76 to 8.16% and from 11.96 to 14.06% respectively. PRA was assessed by RIA (ANGIOTENSINA |
CT, Radim, Pomezia, Italy). The sensitivity of the assay was 0.15ng/ml. The intra- and interassay CV were
from 4.32 to 7.18% and from 4.87 to 9.94% respectively.

From 2008, PAC was assessed by RIA (ALDOCTK-2, DiaSorin, Saluggia, Italy). The sensitivity of the assay was
10 pg/ml. The intra- and interassay CV were from 1.7 to 5.3% and from 3.4 to 7.0% respectively. PRA was
assessed by RIA (RENCTK, DiaSorin, Saluggia, Italy). The sensitivity of the assay was 0.2 ng/ml. The intra- and
interassay CV were from 5.4 to0 9.9% and from 7.7 to 11.5% respectively. All other biochemical variables
were assayed in plasma or serum using standard methods.

Statistical analysis

Statistical analysis was carried out using the application software STATA 10, StataCorp LP (College Station,
TX, USA). Mean and percent values of variables at diagnosis and revaluation (patient characteristics, clinical
data, and hormonal levels) were compared in the groups with remission or persistence of PA by the
Student's t-test or Fisher's exact test. Non-normally distributed variables were log-transformed before
analysis. Univariate logistic regression was also performed considering confirmation of PA as the binary
independent variable.

Results

When retested, patients were 41-78 years old (58+8.5; meants.d.); their demographic and clinical features
are shown in Table 1. At revaluation, basal ARR and PAC levels after NaCl aldosterone were clearly reduced
when compared with the same data recorded at diagnosis (612.4+724.3 vs 2251.6+1496.4, P<0.001 and
117.04£122.2 vs 256.3+136.0, P<0.001).



Table 1. Clinical features of patients at diagnosis and reevaluation.

Kalemi Aldostero Imagin Treatmen
5 Durati J Aldostero t with
Age at Duration a Aldostero ne after g of Aldostero R
. on of . AVS at ne after Number of anti-
No revaluati Se of (mmol/ neat dynamic adrenal . ne at .
. follow- . . diagno . NaClat hypertensi aldostero
on x hypertensi I)at diagnosis testat sat R revaluatio R
(years) on (years) up diagno (pg/ml) diagnosis diagno sis n (pg/ml) revaluatio ve drugs ne
(years) sis (pg/ml) sis n (pg/ml) receptor
P drugs
48 F 20 5 4 6254 1230  Neg NS 391.0 480 2 No
2 64 F 13 12 38 2300  113.8  Neg NS 287.0 4.0 1 Yes
3 46 M 22 9 39 4067 1045  Neg NS 286.0  54.0 4 Yes
4 65 M 24 4 NA 5850 2637  Lmass lB"atera 2160  42.0 2 Yes
54 F 20 15 37 1937 1786  Neg NS 1150 5.0 1 Yes
56 M 6 5 4.4 526.2 101.3 R mass NP 561.0 162.0 3 Yes
7 66 M 22 6 29 3700 1209  Lmass F"atera 3700 2250 2 Yes
8 62 M 21 13 33 9790  461.8  Lmass NP 1230  29.0 2 Yes
60 F 14 11 34 2995 999 Neg NP 1670 1.0 1 Yes
10 61 F 17 12 38 5296 1025  Lmass IB"atera 1320 6.0 1 Yes
11 54 M 15 10 49 4509 3971  Neg NP 2760 880 3 No
12 78 M 13 12 NA 1628 1198 Neg NP 1490 320 1 Yes
13 55 M 14 4 38 3501 1159 OO Bilatera yh0 1210 4 Yes
mass |
14 62 M 14 11 37 3040  151.0 ﬁ:'ass NP 3990  56.0 3 No
15 64 F 15 12 39 1679 1260 Neg NP 600 2.0 1 No
16 41 M 9 3 38 5017 2066  Neg IB"atera 5380 1240 4 Yes
17 66 M 25 5 45 6461 2713  Neg NS 1600  35.0 5 Yes
18 49 M 6 6 26 5739 4229  Lmass NS 3540 3930 O No
19 42 M 23 3 39 6804 2057  Neg F"atera 601.0  74.0 4 Yes
20 63 M 8 4 35 3330 2240 Neg NP 1420 210 4 Yes
21 67 M 26 11 44 4292 2957  Neg IB"atera 1910  59.0 1 Yes
2 41 F o 7 38 4068 1450 Neg NP 2150 510 1 No
23 53 F 12 6 28  673.0  551.0  Lmass NS 531.0 4300 5 No
24 65 F 24 12 36 4910 3933  Neg NP  190.0  29.0 2 No
25 62 F 18 7 44 2272 1007 Neg NP 3866 973 2 Yes
26 54 F 14 10 43 2980 1362  Neg NS 2980  24.0 2 No
27 62 F 11 10 40 3748 1164  Neg NP 3640 350 1 No
28 57 M 13 3 34 3359 2054  Neg lB"atera 2250 1390 6 Yes
29 66 F 16 6 37 2781 1158  Neg lB"atera 2380 1.0 2 Yes
30 63 M 15 10 33 3005  121.0  Rmass lB"atera 2430 350 3 No
31 58 F 12 11 30 2174 3094 Neg NP 1300  19.0 2 No
32 67 F 34 14 43 1869  93.4 Lmass NP 1640 4.0 3 Yes
33 47 F 26 6 37 3927 1610  Lmass NS 2770  62.0 2 Yes
34 58 M 14 10 NA 2420 3239 OO Bilatera 3108 1158 2 Yes

mass |



Neg, negative; R mass, right mass; L mass, left mass; Bil mass, bilateral mass; NS, not successful; NA, not available; NP, not
performed.

At reevaluation, only 19 out of 34 patients (56%) had both basal PAC >150 pg/ml and ARR >400. Eleven of
these patients had a negative confirmatory test (PAC <100 pg/ml after NaCl; Fig. 1); therefore, according to
our criteria, PA was confirmed only in eight patients (confirmed PA (C-PA), 24%, case numbers 6, 7, 13, 16,
18, 23, 28, and 34), while in 26 PA was not confirmed (NC-PA, 76%). If the least restrictive criteria suggested
by the ES Guideline (11) (i.e. ARR >200 and PAC after NaCl above 50 pg/ml) were applied, 20 subjects (59%)
were still not affected by PA.

Figure 1
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Basal aldosterone levels (left) and aldosterone levels after confirmatory test (right) at diagnosis and at reevaluation. Open circles
represent patients with remission and black squares represent patients with persistence of primary aldosteronism at reevaluation.

The proportion of NC-PA was even higher if we excluded from the study those patients (case numbers 6, 8,
14, 18, 23, 32, and 33) in whom an aldosterone-secreting tumor was not excluded with certainty (i.e.
patients with an adrenal mass and a not-performed or not-successful AVS). Of the remaining 27 patients,
22 (81%) did not meet our criteria for the diagnosis of PA at reevaluation.

Predictors of remission of PA
Variables measured at diagnosis

Mean serum potassium levels were significantly higher in NC-PA (3.9£0.4 vs 3.4+0.6 mmol/I, P=0.03; Table
2); a low potassium concentration (i.e. <3.5 mmol/l) was more frequent in patients with C-PA (4/8 vs 4/24),
but this result was at the limit of statistical significance (P=0.07). Age at diagnosis (49.3+7.9 vs 48.2+6.7
years), presence of unilateral adrenal mass (20/26 (77%) vs 4/8 (50%)), and reason for referral for PA
screening (hypokalemia 4/26 (15%) vs 3/8 (38%) and resistant hypertension 10/26 (38%) vs 4/8 (50%)) were
not significantly associated with NC-PA. Either PAC (392.24193.5 vs 447.7+143.6 pg/ml) or ARR



(2333.341519.4 vs 1986.1+1485.0) at baseline or PAC after confirmatory test (189.6+105.7 vs
255.9+163.1 pg/ml) was not significantly different in NC-PA. Basal and dynamic PAC of individual cases at
diagnosis and retesting are represented in Fig. 1.

Table 2. Variables in patients with non-confirmed primary aldosteronism (NC-PA) or confirmed PA (C-PA).
NC-PA (n=26) C-PA (n=8) P? OR (CI) pP
Variables registered at diagnosis

Kalemia (mmol/l) 3.9+0.4 344+0.6 0.03 7.77 (1.02-54.6) 0.05
Hypokalemia 4 (17%) 4 (50%) 0.07 0.18 (0.03-1.04) 0.06
Basal PAC (pg/ml) 392.2+193.5 447.7£143.6 0.46 0.99 (0.99-1.00) 0.45
ARR 2333.3+£1519.4 1986.1+1485 0.57 1.00 (0.99-1.00) 0.58
PAC after test (pg/ml) 189.6+£105.7 255.9+163.1 0.18 0.99 (0.99-1.00) 0.19
Unilateral adrenal mass 6 (23%) 4 (50%) 0.15 0.3(0.06-1.58) 0.16
Reason for referral

Hypokalemia 4 (15%) 3 (38%) 0.17 0.11(0.01-1.40) 0.09
Resistant hypertension 10 (38%) 4 (50%) 0.21 (0.02-1.18)° 0.19
Age at diagnosis (years) 49.3+7.9 48.2+6.7 0.72 1.01 (0.91-1.13) 0.71
Variables registered at reevaluation

Over 60 years at reevaluation 17 (65%) 1 (13%) 0.01 13.2(1.40-124) 0.02
Years of hypertension 18+6.1 12+5.2  0.02 1.24(1.02-1.52) 0.03
Years of follow-up 9.3£3.3 5.3+2.2  <0.01 1.52(1.08-2.15) 0.02
Follow-up over 7.5 years 17 (65%) 1 (13%) 0.01 13.2(1.40-124) 0.02
Same PAC assay as at diagnosis 7 (27%) 1 (13%) 0.38 2.58(0.27-24.9) 0.41
No. of antihypertensive drugs 2.1+1.1 32+1.9 0.05 0.57(0.32-1.04) 0.07
Aldosterone receptor antagonists 16 (62%) 6 (75%) 0.40 0.53 (0.09-3.18) 0.49
BMI 29.6+4.4 28.4+5.7 0.56 1.06(0.88-1.26) 0.55
Other variables

Male 11 (42%) 7 (87%) 0.03 0.10(0.01-0.98) 0.05
Family history of hypertension 24 (92%) 2 (88%) 0.57 1.71(0.13-21.9) 0.68
Family history of early CVD 2 (8%) 2 (25%) 0.23 0.25(0.29-2.16) 0.21

a Student's t-test or Fisher's exact test.
b Univariate logistic regression.

¢ Vs other reasons. CVD, cardio-vascular disease.

Variables measured at reevaluation

NC-PA patients were older (age over 60, 17/26 (65%) vs 1/8 (13%); P=0.01), showed a longer duration of
hypertensive disease (18+6.1 vs 12+5.2 years, P=0.02), a longer follow-up (9.3+3.3 vs 5.3+2.2 years,
P=0.004) and were treated with fewer antihypertensive drugs (2.1+1.1 vs 3.2+1.9, P=0.05). At variance, NC-
PA patients did not differ from C-PA in BMI (29.6+4.4 vs 28.4+5.7) and treatment with mineralocorticoid
receptor antagonist (16/26 (62%) vs 6/8 (75%), P=0.40). At reevaluation, four patients were shown to be
hypokalemic, and only one had NC-PA.

Other variables

Female patients had NC-PA more frequently than males (15/26 (58%) vs 1/8 (13%), P=0.03). Family history
of hypertension (24/26 (92%) vs 7/8 (88%)) or early cardiovascular diseases (2/26 (8%) vs 2/8 (25%)) and



the new analytical method of aldosterone assay used after 2008 (7/26 (27%) vs 1/8 (13%)) were not
associated with remission.

Adrenal morphology

Adrenal imaging revealed no changes in 27 out of 34 patients; in none of the subjects, the confirmed
adrenal lesions showed significant increase during follow-up. Two NC-PA subjects and one C-PA did not
show a previously observed adrenal lesion, while four new adrenal lesions appeared. Three of these new
lesions were discovered in NC-PA patients and were considered as non-functioning cortical adenomas as
screening of cortical hormones and metanephrine secretion was negative. A new lesion was discovered in a
C-PA patient who already displayed a mass in the contralateral adrenal at diagnosis. This new picture is
currently under investigation.

Discussion

The main finding of our study is that, some years after diagnosis, most of the patients with aldosteronism
after medical treatment have normal basal and dynamic mineralocorticoid function. More than 75% of
patients previously classified as PA (using restrictive criteria) no longer meet those criteria used for the
diagnosis and, even if we apply the least restrictive criteria at reevaluation, more than half of the patients
still result ‘normalized’. Higher potassium levels at diagnosis, female gender, a longer duration of
hypertension, and a longer follow-up seem to predict ‘normal’ mineralocorticoid secretion.

On the contrary, the study based on the German Conn's Registry (10) reported a normalization of
mineralocorticoid secretion in only two out of 37 cases of idiopathic hyperaldosteronism (IHA) at follow-up.
This difference is not easy to explain but some differences in protocol of diagnosis or characteristics of the
population between the studies could account for the discrepancy. In fact, in the German registry series, i)
diagnosis of aldosteronism is based on very low cut-offs both of ARR and aldosterone after saline infusion
test, ii) plasma renin concentration instead of PRA is used, iii) in the criteria for ‘normalization’ blood
pressure is also considered, and iv) it is not known whether diagnosis of PA was made by screening or case
finding in high-prevalence groups.

We are aware that medically treated aldosteronism cannot be considered a homogeneous group of
patients. Most of the patients we studied can be defined as idiopathic hyperaldosteronism. In a minor
portion, the diagnosis remains undefined for technical problems (unsuccessful AVS) or personal choice of
the patients (refusal of AVS). It is a serious challenge to recognize an aldosterone-secreting adenoma with
good confidence because of the small size of the adenoma, the frequency of non-secreting adrenal
adenoma, and the high rate of inconclusive adrenal venous sampling. In any case, despite these limitations,
we decided to maintain in the study all those patients who did not undergo surgery. Yet, we studied only
patients diagnosed with ‘strict’ biochemical criteria: we made diagnosis of PA only when all the following
conditions were satisfied: ARR over 400 and plasma aldosterone levels over 150 pg/ml and over 100 pg/ml
after NaCl test. These precautions should protect from false-positive results of increased and not
suppressible aldosterone secretion. Nevertheless, 50-75% of these patients did not confirm primary
hypersecretion when studied at least 3 years after diagnosis. A simple ‘regression toward the mean’
phenomenon seems unlikely; when patients were retested, aldosterone levels were clearly reduced both in
basal condition and after the suppression test. Alternatively, we should assume that our patients were not
correctly diagnosed at the beginning, implying that the official criteria of diagnosis provide a high number
of false-positive results.

Patients were evaluated at diagnosis and retested in the same conditions. In order to avoid wrong
estimation of the biochemical tests, patients were always studied during normal sodium intake, normal
potassium levels, and after a wash-out of the same interfering drugs (diuretics, mineralocorticoids receptor
antagonists, B-blockers, ACE inhibitors, angiotensin Il receptor antagonists, and clonidine). Long-acting



dihydropyridinic and non-dihydropyridinic calcium-antagonists were permitted when pressure control was
poor with a-blockers. It is a shared opinion that dihydropyridinic calcium channel blockers do not
significantly affect aldosterone secretion, causing mainly an increase in PRA, which rarely gives false
negatives (5, 11, 12). Furthermore, patients treated with these drugs at reappraisal were almost the same
as at diagnosis (13 and 15 respectively), so it is very unlikely that the use of these drugs at reevaluation
accounted for the low rate of C-PA.

The only difference from diagnosis and retesting was that, at diagnosis, 16 patients underwent
fludrocortisone instead of NaCl as suppression test, as suggested by Gordon et al. (12). At reevaluation, for
obvious reasons of costs and convenience, we had always chosen to run the NaCl test, now considered by
most authors a reliable alternative to the more expensive and complex fludrocortisone test (11). Moreover,
according to our experience, the NaCl test has proved to perform no differently to the fludrocortisone test
(14).

Years after diagnosis of PA, a high rate of ‘normalization’ of aldosterone secretion was reported in 2005 by
Armanini et al. (8) but, differently from the present study, they only recorded basal mineralocorticoid
function in patients with idiopathic aldosteronism. In that study, 15 patients with long-term (3—24 years) PA
were studied 1 month after withdrawal of therapy with potassium canrenoate. ARR was increased only in
three subjects and there was a significant inverse correlation between ARR and the number of years of
therapy with potassium canrenoate (8). In a later work, the same authors extended the hormonal control
to three more patients, treated for more than 10 years with potassium canrenoate and then suspended for
at least 5 years. In those three patients, ARR was normal (9). Our reappraisal adds the evidence that
patients with normal basal mineralocorticoid secretion also have a normal suppressibility of aldosterone
production, thus indicating a complete normalization of the previously diagnosed PA. Moreover, recently,
Yoneda et al. (13) reported a case of remission of unilateral primary hyperaldosteronism during treatment
with antagonists of mineralocorticoid receptor, indicating that spironolactone is not only able to antagonize
the receptor but also to decrease aldosterone synthetic activity, and speculating that it may produce
remission of hyperaldosteronism. The above-mentioned studies suggested that long-term therapy with
mineralocorticoid receptors blockers could have played a role in the remission of PA (8, 9, 13). It is known
that spironolactone can directly inhibit the synthesis of aldosterone in the zona glomerulosa of the adrenals
(15) and this observation is indirectly proven by the histological finding of spironolactone bodies in the
glomerulosa of patients with PA treated with the drug (16). Furthermore, prolonged treatment with
aldosterone receptor blockers can affect the sensitivity of adrenal glands to angiotensin Il or the tropic
factors at the level of the glomerulosa, which can be involved in the pathogenesis of IHA (8). Yet, long-term
therapy with mineralocorticoid receptors blockers is able to increase renin activity due to volume depletion
and this effect can restore a normal responsiveness of glomerulosa to angiotensin Il. However, our data
challenge the interpretation that the long-term remission of aldosterone hypersecretion is due to
aldosterone antagonists. In fact, long-term therapy with these drugs proved to be a poor predictor of
remission of aldosterone hypersecretion and furthermore renin activity was low or normal in most cases.

In our study, aldosterone levels at diagnosis do not seem important in targeting patients with future
remission of PA. In fact, plasma aldosterone levels and ARR at diagnosis were not significantly lower in
patients with remission of PA. Similarly, the evidence of a unilateral adrenal mass did not predict the
persistence of hyperaldosteronism. This is not surprising as false-positive images of secreting adenomas are
frequently reported (17).

Interestingly, in our study, age at reevaluation and duration of follow-up seem to be significant predictors
of remission of PA. It is known that PRA and aldosterone progressively decrease with age (18, 19) so that
we can speculate that even in subjects with apparent mineralocorticoid excess, the aging process might
impair aldosterone secretion. Aging is associated with reduced adrenal responsiveness to angiotensin Il,
contributing to lower production of aldosterone and imbalance of sodium homeostasis (19). These factors
could be involved in the resolution of mild forms of PA, considering that hypersensitivity of glomerulosa to
angiotensin is suggested to play a role in the pathogenesis of the disease (20).



In addition, we should not forget that biochemical assays at retesting were performed several years after
the first investigation so that most of our patients (26 out of 34 cases) have been retested using a different
assay from that used at the time of diagnosis. We are aware that both current and previous aldosterone
and renin activity assays are not perfectly reliable (21). Schirpenbach et al. (22) clearly demonstrated
markedly different results in a comparison of four different aldosterone assays. It is possible in some cases
that a poor comparability of laboratory methods (22, 23) for the determination of aldosterone and renin
activity accounted for non-confirmation of mineralocorticoid hypersecretion. However, it has to be
underlined that only one out of the eight cases retested with the same method as at diagnosis had PA
confirmed, suggesting that changing of the analytical method was probably not a major problem.

In conclusion, our results suggest that in the minority of PA after medical treatment, the biochemical
picture persists over years, whereas in the majority primary mineralocorticoid hypersecretion declines with
age. Understanding whether the ‘remission’ of PA is a true event, due either to specific drug treatment or
determined by a biological spontaneous phenomenon, deserves further prospective studies. The ideal
study to confirm PA remission should be performed in a larger population of patients and include a
prospective evaluation of the responses to standardized biochemical tests of hypersecretion and
suppressibility of aldosterone secretion, either in patients without adrenal lesion or with adrenal mass
judged non-secreting adenoma. The clinical picture should also be revised periodically in parallel with
biochemical status, particularly for what concerns blood pressure control, target organ damage and
metabolic parameters known or supposed to be associated with mineralocorticoid hyperfunction (sodium,
potassium, creatinine, glucose levels, and body composition); major cardiovascular events should also be
recorded during the study.

If confirmed, the observation of a true and frequent decline with time of idiopathic PA could have
important clinical implications for a clinical condition now considered quite common: for instance, it could
justify periodical diagnostic reassessments at least when the clinical picture is not so severe.
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