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Objectives. The aim of this study was to present up to date information concerning the diag-
nosis and treatment of primary aldosteronism (PA). PA is the most common cause of endocrine
hypertension. It has been reported up to 24% of selective referred hypertensive patients.

Methods. We did a search in Pub-Med and Google Scholar using the terms: PA, hyperaldoste-
ronism, idiopathic adrenal hyperplasia, diagnosis of PA, mineralocorticoid receptor antagonists,
adrenalectomy, and surgery. We also did cross-referencing search with the above terms. We had di-
vided our study into five sections: Introduction, Diagnosis, Genetics, Treatment, and Conclusions.
We present our results in a question and answer fashion in order to make reading more interesting.

Results. PA should be searched in all high-risk populations. The gold standard for diagnosis
PA is the plasma aldosterone/plasma renin ratio (ARR). If this test is positive, then we proceed
with one of the four confirmatory tests. If positive, then we proceed with a localizing technique
like adrenal vein sampling (AVS) and CT scan. If the lesion is unilateral, after proper preoperative
preparation, we proceed, in adrenalectomy. If the lesion is bilateral or the patient refuses or is not
fit for surgery, we treat them with mineralocorticoid receptor antagonists, usually spironolactone.

Conclusions. Primary aldosteronism is the most common and a treatable case of secondary
hypertension. Only patients with unilateral adrenal diseases are eligible for surgery, while patients
with bilateral and non-surgically correctable PA are usually treated by mineralocorticoid receptor
antagonist (MRA). Thus, the distinction between unilateral and bilateral aldosterone hypersecre-
tion is crucial.

Key words: primary aldosteronism, aldosterone producing adenoma, idiopathic adrenal hyper-
plasia, diagnosis, radiology, treatment, surgery

What is the history and definition of primary
aldosteronism (PA)?

Despite the fact that PA caused by aldoste-
rone producing adenoma (APA) is called Conn’s
Syndrome, it was actually, first described by

Litynski in Poland in 1953 (Kucharz 2007) and
later by Conn in USA in 1955 (Conn 1955). Conn
described it in a patient presenting with resistant
hypertension (HTN) and hypokalemia who was
found to have an aldosterone-secreting adrenal
adenoma (Conn 1955). PA is a group of disorders,
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in which aldosterone production is inappropriately
high, relatively autonomous from the renin-angio-
tensin system, and non-suppressible by sodium
loading. Such inappropriate production of aldoste-
rone causes cardiovascular damage, suppression of
plasma renin, hypertension, sodium retention, and
potassium excretion that if prolonged and severe
may lead to hypokalemia (Funder et al. 2008).

What is the pathology of PA?

PA is commonly caused by an adrenal adenoma,
by unilateral or bilateral adrenal hyperplasia or in
rare cases by the inherited condition of familial
hyperaldosteronism (Funder et al. 2008). Hyperaldo-
steronism may be caused by aldosterone-producing
carcinomas (Brunt and Moley 2001). A detailed list of
all causes of PA follows:

1. Bilateral idiopathic hyperplasia (BIH) 60% of cases.
(This is also referred and as idiopathic hyperaldo-
steronism (IHA).

2. Aldosterone-producing adenoma (APA) (or Conn’s
syndrome) in 35% of cases.

3. Primary (Unilateral) adrenal hyperplasia 2% of
cases.

4. Aldosterone-producing adrenocortical carcinoma
<1% of cases.

5. Familial hyperaldosteronism (FH).

a. Glucocorticoid-remediable aldosteronism (GRA)

or (FH type I) <1% of cases.

b. FH type II (APA or BIH) <2% of cases.

6. Ectopic aldosterone producing adenoma or carci-
noma <0.1% of cases (Kahn and Angle 2010;
Moraitis and Stratakis 2011).

Geller et al. (2008) discovered a novel form of
Mendelian HTN caused by massive adrenal miner-
alocorticoid production in a family of treatment
resistant hypertensive, a father and two daughters.
This was named FH III. The molecular basis of FH-III
was identified as a germline mutation (p.T158A) in
the KCNJ5 gene encoding the G-protein-activated
inward rectifier K channel 4 (Monticone et al. 2013).
The true incidence of FH III is not yet known.

Physiology of aldosterone

Aldosterone, produced in the adrenals’ zona
glomerulosa, is synthesized and released mainly in
response to renin-dependent production of angio-
tensin II; however, adreno-corticotropic-hormone
(ACTH), serum potassium, and dopamine also
affect its production and secretion (Mattsson and
Young 2006). In epithelial tissues (e.g. renal tubular

cells, distal colon and salivary glands) aldosterone
enhances uptake of sodium; water follows, resulting
in increased volume load and cardiac output. Sodium
reabsorption is accompanied by potassium excretion
(Mattsson and Young 2006). Aldosterone induces
oxidative stress, endothelial dysfunction, inflam-
mation and fibrosis in the vasculature, heart and
kidney (Brown 2005). Studies in animal models and
in patients with congestive heart failure or hyperten-
sion indicate that aldosterone induces oxidative stress
and impairs endothelial nitric oxide synthase through
a mineralocorticoid receptor-dependent mechanism.
Furthermore, aldosterone can cause vasoconstriction
and vasodilation through rapid nongenomic mecha-
nisms (Brown 2005). Hypertension results partly from
an increase in plasma volume and partly from the
aldosterone-mediated vasoconstriction of systemic
arteries (McCurley et al. 2012; Steichen et al. 2015).

What is the epidemiology of PA?

Increasing evidence indicates that PA is much more
prevalent than previously believed, making this disease
the most frequent cause of secondary hypertension
(Mulatero et al. 2002). The reported prevalence may
depend in part upon the population that is screened
(Kline 2015). Various studies report PA in more than
10% of hypertensive patients, both in general and
special settings (Gordon et al. 1994; Fardella et al.
2000; Funder et al. 2008). Populations of patients with
“resistant hypertension” may have PA prevalence of
10-24% (Fardella et al. 2000), compared to rates of
1-13% in less selected hypertension populations (Hood
et al. 2005; Schwartz and Turner 2005; Kline 2015).

What are the signs and symptoms of PA?

It often produces few symptoms (Schirpenbach and
Reincke 2007). Most people have high blood pressure,
which may cause poor vision or headaches (Schirp-
enbach and Reincke 2007; AAES 2016). The most
common symptoms are headaches, vision problems,
fatigue, muscle cramps, muscle weakness, numbness,
temporary paralysis, increased urine, and increased
thirst (AAES 2016).

What is the morbidity and mortality of PA?

This condition is important not only because of its
prevalence but also because PA patients have higher
cardiovascular morbidity and mortality than age and
sex-matched patients with essential hypertension and
the same degree of blood pressure elevation (Milliez
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et al. 2005; Stowasser et al. 2005; Funder et al. 2008).
Untreated PA is known to be associated with higher
rates of cardiac arrhythmia, coronary heart disease,
heart failure, stroke, proteinuria, and renal impair-
ment compared to essential hypertension (Rossi et
al. 2006a; Reincke et al. 2009; Mulatero et al. 2013;
Kline 2015). Patients with PA had a higher rate of 24-h
urine albumin excretion despite a normal glomerular
filtration rate (GFR), compared to those with essen-
tial hypertension (Rossi et al. 2006b). It has also been
reported that PA patients have worse quality of life
(Ahmed et al. 2011).

DIAGNOSIS

Who is eligible for PA screening?

Until relatively recently, screening was limited to
evaluating patients who had a combination of resis-
tant hypertension and hypokalemia and involved
only evaluation of the plasma aldosterone (PAC)
(Weiner 2013).

According to the Endocrine Society’s “Clin-
ical Practice Guideline”, it is recommended to
search for primary aldosteronism (PA) in patient
groups with relatively high prevalence of PA. These
include patients with Joint National Commission
stage 2 (BP >160-179/100-109 mmHg), stage 3 (BP
>180/110mmHg), or drug-resistant hypertension;
hypertension and spontaneous or diuretic-induced
hypokalemia; hypertension with adrenal inciden-
taloma; or hypertension and a family history of early-
onset hypertension or cerebrovascular accident at a
young age (<40 years). It is also recommended case
detection for all hypertensive first-degree relatives of
patients with PA (Funder et al. 2008).

What is the most important test for diagnosing PA?

The gold standard for PA diagnosisis the use of ARR
to detect cases of PA in these patient groups (Funder
et al. 2008; Aronova et al. 2014a). Numerous studies
have demonstrated the ARR to be superior to measure-
ment of potassium or aldosterone (both of which
have lower sensitivity) or renin (which is less specific)
in isolation (Hiramatsu et al. 1981; McKenna et al.
1991; Stowasser et al. 2003; Funder et al. 2008). There
are important and confusing differences between
laboratories in the methods and units used to report
values of renin and aldosterone (Funder et al. 2008).

As with all the biochemical tests, ARR has false
positive and negative tests (Schwartz and Turner 2005;
Rossi et al. 2006a; Funder et al. 2008), the ARR should
thereforeberegarded asadetectiontest onlyand should

be repeated if the initial results are inconclusive or
difficult to interpret because of suboptimal sampling
conditions (Funder et al. 2008). ARR ratio >20 ng/dl
per ng/ml per hour (554 pmol/l per ng/ml per hour)
in combination with a plasma aldosterone concentra-
tion (PAC) 215ng/dl (416 pmol/l) in a morning blood
sample from an ambulant patient is indicative of
primary aldosteronism (Mattsson and Young 2006).

What are the pitfalls of ARR and how to correct
them?

Aldosterone’s levels are influenced by certain
drugs (Mulatero et al. 2002). In a study by Mulatero
etal. (2002) on “Drug Effects on Aldosterone/Plasma
Renin Activity Ratio in Primary Aldosteronism”,
they found that some drugs may change the ARR up
to 62% (+82) as in the case of atenolol.

This can be corrected by stopping these medica-
tions (Mulatero et al. 2002) and replacing them by
medications that do not interfere with aldosterone
levels (Funder et al. 2008). Ideal testing conditions
involve discontinuation of such medications two
weeks prior (Tomaschitz and Pilz 2010; Stowasser et
al. 2012; Chao et al. 2013). In the Table 1, there is a list
of the medications and other conditions that interfere
with aldosterone levels and in Table 2 there is a list
with the medications that can replace them. Gender,
contraceptives, and use of antidepressants also can
affect the ARR (Fischer et al. 2013).

How frequent is hypokalemia in PA?

Normokalemic hypertension constitutes the most
common presentation of the disease (Young 2002;
Mulatero et al. 2004; Schirpenbach et al. 2006; Funder
et al. 2008), with hypokalemia probably present in
only the more severe cases (Funder et al. 2008). Half
of the patients with an APA and 17% of those with
idiopathic hyperaldosteronism (IHA) had serum
potassium concentrations less than 3.5 mmol/l (Rossi
et al. 2006a,b; Funder et al. 2008). Thus, the presence
of hypokalemia has low sensitivity and specificity
and a low positive predictive value for the diagnosis
of PA (Funder et al. 2008).

After positive ARR, do we proceed to subtype PA
or we go on with confirmatory tests? What are
we doing next?

It is recommended that instead of proceeding
directly to subtype classification, that patients with a
positive ARR undergo testing, by any of four confir-
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matory tests, to definitively confirm or exclude the
diagnosis (Funder et al. 2008).

Which are the 4 confirmatory tests?

The current literature does not identify a gold stan-
dard confirmatory test for PA (Funder et al. 2008).
The four confirmatory tests are: oral sodium loading,
saline infusion test (SIT), fludrocortisone suppression
test (FST), and captopril challenge (Funder et al. 2008).

How is sodium loading performed
and interpreted?

Patients should increase their sodium intake to
>200 mmol/d (=6 g/d) for 3 days, verified by 24-h
urine sodium content. Patients should receive
adequate slow-release potassium chloride supplemen-
tation to maintain plasma potassium in the normal

Table 1
List of medications and other conditions that
influence aldosterone levels

1) B-Adrenergic blockers

2) Central a-2 agonists (e.g. clonidine
and a-methyldopa)

3) NSAIDs

4) K+-wasting diuretics

5) K+-sparing diuretics
6) ACE inhibitors

7) Angiotensin II type 1 receptor
blocker (ARBs)

8) Ca2-blockers (DHPs)

9) Renin inhibitors

A Medications

10) Contraceptives

11) Antidepressants
e 1) Hypokalemia
Status 2
1
2
1

2) Renal impairment

Potassium loading
Sodium restricted
Sodium loaded

Advancing age

C Dietary Sodium

—_ — — —

3) Pseudohypoaldosteronism

type 2 (familial hypertension and
hyperkalemia with normal glomerular
filtration rate) (PHA-2)

4) Pregnancy

5) Renovascular HT
6) Malignant HT

7) Gender (male)

Other
Conditions

range. Urinary aldosterone is measured in the 24-h
urine collection from the morning of day 3 to the
morning of day 4 (Funder et al. 2008). PA is unlikely
if urinary aldosterone is lower than 10ug/24h
(27.7nmol/d) in the absence of renal disease where
PA may coexist with lower measured urinary aldo-
sterone levels. Elevated urinary aldosterone excre-
tion [>12ug/24h (>33.3 nmol/d) at the Mayo Clinic,
>14pg/24h (38.8nmol/d) at the Cleveland Clinic]
makes PA highly likely (Funder et al. 2008).

How is SIT performed and interpreted?

Patients stay in the recumbent position for at
least 1 h before and during the infusion of 2 liters
of 0.9% saline iv over 4 h, starting at 08:00-09:30 h.
Blood samples for renin, aldosterone, cortisol, and
plasma potassium are drawn at time zero and after
4 h, with blood pressure and heart rate monitored
throughout the test. Postinfusion plasma aldosterone
levels <5 ng/dl make the diagnosis of PA unlikely, and
levels >10 ng/dl are a very probable sign of PA. Values
between 5 and 10 ng/dl are indeterminate (Kem et al.
1971; Giacchetti et al. 2006; Funder et al. 2008).

What are the dangers of the two above tests?

Sodium loading and saline infusion test should not
be performed in patients with severe uncontrolled
hypertension, renal insufficiency, cardiac insuffi-
ciency, cardiac arrhythmia, or severe hypokalemia
(Funder et al. 2008).

How is the FST performed?

Patients receive 0.1 mg oral fludrocortisone every
6 h for 4 days, together with slow-release KCI supple-
ments (every 6 h at doses sufficient to keep plasma
K+, measured four times a day, close to 4.0 mmol/l),

Table 2
Medications that can be used without interfering with
aldosterone levels

Name of the drug Dose

Verapamil slow-release  90-120 mg twice daily

10-12.5 mg twice daily, increasing

Hydralazine as required

0.5-1 mg two to three times daily,

Prazosin HCL . . .
increasing as required

Doxazosin Mesylate =2 mg once daily, increasing as
required
1-2 mg once daily, increasing as

Terazosin HCL .
required
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slow-release NaCl supplements (30 mmol/l three
times daily with meals) and sufficient dietary salt to
maintain a urinary sodium excretion rate of at least 3
mmol/kg body weight. On day 4, plasma aldosterone
and plasma renin activity are measured at 10:00 h with
the patient in the seated posture, and plasma cortisol
is measured at 07.00 and 10:00 h (Funder et al. 2008).
The patients should receive gastroprotection either
with a proton pump inhibitor once daily or with ranit-
idine 150 mg twice daily. The drug used for gastro-
protection should be started prior to fludrocortisone.

Upright plasma aldosterone >6 ng/dl on day 4 at
10:00 h confirms PA, provided plasma renin activity
(PRA) is <1 ng/ml per hour and plasma cortisol
concentration is lower than the value obtained at
07:00 h (to exclude a confounding ACTH effect)
(Gordon 1994; Gordon et al. 1994; Gordon 1995;
Gordon 2001; Stowasser et al. 2003; Stowasser and
Gordon 2004; Funder et al. 2008).

How is the captopril challenge performed
and interpreted?

Patients receive 25-50 mg captopril orally after
sitting or standing for at least 1 hour. Blood samples
are drawn for measurement of plasma renin activity
(PRA), plasma aldosterone, and cortisol at time
zero and at 1 or 2 h after challenge, with the patient
remaining seated during this period (Funder et al.
2008). Plasma aldosterone is normally suppressed
by captopril (>30%). In patients with PA, it remains
elevated and PRA remains suppressed. Differences
may be seen between patients with APA and those
with THA, in that some decrease of aldosterone levels
is occasionally seen in THA (Mantero et al. 1981;
Agharazii et al. 2001; Rossi et al. 2002; Rossi et al.
2007; Funder et al. 2008).

What is adrenal vein sampling (AVS), when it is
performed and when it may be excluded?

AVS is the criterion standard to distinguish between
unilateral and bilateral adrenal disease in patients
with PA (Young and Stanson 2009). The use of AVS to
distinguish between IHA and APA was first proposed
by Melby et al. (1967). AVS should be performed only
in patients with confirmed PA who want to pursue the
surgical option in the management of their hyperten-
sion (Funder et al. 2008; Young and Stanson 2009).

For cases in which APA is highly likely (patients
<40 years of age with marked primary aldoste-
ronism, e.g. PAC 230 ng/dl (832 pmol/l) and a well-
defined, hypodense adrenal mass (>1 cm on CT scan)

is identified, AVS can be bypassed and the patient
can undergo unilateral laparoscopic adrenalectomy
(Young 2003a,b; Mattsson and Young 2006).

How AVS is performed and interpreted?

Adrenal vein sampling is a safe, highly effective
procedure that is shown to alter the clinical manage-
ment in 35.7% of PA patients who would have other-
wise been treated improperly based on the results
of CT or other modalities (Kahn and Angle 2010).
Although adrenal vein sampling is hindered by the
inherent difficulty of catheterizing the right adrenal
vein, technical success is reported as high as 97% in
experienced hands (Kahn and Angle 2010). The keys
to successful AVS include appropriate patient selec-
tion, careful patient preparation, focused technical
expertise, defined protocol, and accurate data inter-
pretation (Young and Stanson 2009).

Aldosterone and cortisol concentrations are
measured in the blood from all three sites (right
adrenal vein, left adrenal vein, and inferior vena
cava (IVC) (Young and Stanson 2009). The cortisol
concentrations from the adrenal veins and IVC
are used to confirm successful catheterization; the
adrenal vein to IVC cortisol ratio is typically more
than 10:1 with the continuous cosyntropin infusion
protocol (Young et al. 2004; Young and Stanson 2009).
When cosyntropin infusion is used, an adrenal vein
to IVC cortisol gradient of at least 5:1 is required to
be confident that the adrenal veins were successfully
catheterized. This gradient is achieved in 96% of our
patients (Young et al. 2004; Young and Stanson 2009).
However, when cosyntropin infusion is not used, an
adrenal vein to IVC cortisol gradient of more than
3:1isrecommended (Mengozzi et al. 2007; Young and
Stanson 2009); although, others have suggested even
lower cut-offs (Rossi et al. 2006¢; Rossi et al. 2008;
Young and Stanson 2009).

Why is radiology and AVS important?

Only patients with lateralized adrenal hypersecre-
tion can be cured by unilateral adrenalectomy; hence,
the distinction between unilateral and bilateral aldo-
sterone hypersecretion is the key (Iacobone et al. 2015).

GENETICS
Which are the genes responsible for PA?

Over thelast few years, the use of exome sequencing
has significantly improved our understanding of
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this syndrome. Somatic mutations in the KCNJ5,
ATPIAI, ATP2B3 or CACNAI1D genes are present in
more than half of all cases of aldosterone-producing
adenoma (~40%, ~6%, ~1% and ~8%, respectively).
Germline gain-of-function mutations in KCNJ5 are
now known to cause familial hyperaldosteronism
type III, and an additional form of genetic hyper-
aldosteronism has been reported in patients with
germline mutations in CACNAI1D. These genes code
for channels that control ion homeostasis across the
plasma membrane of zona glomerulosa cells. More-
over, all these mutations modulate the same pathway,
in which elevated intracellular calcium levels lead
to aldosterone hyperproduction and (in some cases)
adrenal cell proliferation (Al-Salameh et al. 2014).
The molecular basis for FH-II is unclear, although
several linkage analyses have shown an association
with chromosomal region 7p22 (Lafferty et al. 2000;
So et al. 2005; Funder et al. 2008). Finally, APA may
rarely but on occasion be seen in multiple endocrine
neoplasia type 1 (Funder et al. 2008).

Who are eligible for genetic testing?

In patients with onset of confirmed PA earlier than
at20 years of age and in those who have a family history
of PA or of strokes at young age, it is suggested genetic
testing for FH type 1 (GRA) (Funder et al. 2008).

RADIOLOGY

What is the PA appearance on Ultrasound (U/S)
and CT radiology?

Ultrasound are of no help since hormone-
producing adrenal tumors, such as adenoma in
Conn’s syndrome, are generally too small to be
detectable by U/S (Hofer 1999).

According to the “Clinical Practice Guidelines”
of the Endocrine Society, it is recommended that all
patients with PA undergo an adrenal CT scan as the
initial study in subtype testing and to exclude large
masses that may represent adrenocortical carcinoma
(Funder et al. 2008).

Most aldosterone-producing adenomas are less
than 20 mm in diameter (Letavernier et al. 2008;
White et al. 2008). In a survey on adrenal inciden-
talomas in Italy, done by Mantero et al. (2000), they
concluded that the majority of cortical adenomas were
nonfunctioning 69%, whereas 25% secreted cortisol
in slight excess, and only 6% secreted aldosterone.

Density assessment following i.v. contrast adminis-
tration is necessary in such cases. Moderate enhance-

ment, followed by a rapid contrast agent washout
from the tumor occurs in adenomas (Papierska et
al. 2013). An absolute contrast washout of >60% and
a relative contrast washout of >40% characterize an
adenoma with a sensitivity and specificity of 98%
and 92% respectively (Dunnick and Korobkin 2002;
Szolar et al. 2005).

APA maybe visualized as small hypodense nodules,
usually <2 cm in diameter on CT (Funder et al. 2008).
It is mostly of a homogeneous structure (Ctvrtlik et
al. 2014). In THA adrenal glands may be normal on
CT or show nodular changes. Aldosterone-producing
adrenal carcinomas are almost always more than 4
cm in diameter, but occasionally smaller, and like
most adrenocortical carcinomas have a suspicious
imaging phenotype on CT (Young 2007; Funder et al.
2008). The adrenal CT lacks the overall accuracy to
distinguish between unilateral and bilateral disease
(Mattsson and Young 2006).

What is the PA appearance on MRI radiology?

On MRI, adenomas appear homogeneous on all
sequences (Ilias et al. 2007). Their contrast enhance-
ment is mild; they have low or equal signal intensity
to the liver on T2-weighted images and may appear
of lower signal intensity than the rest of the adrenal
gland (Thompson and Young 2003; Ilias et al. 2007).
MRI also makes use of the lipid content of adenoma.
In-phase and out-of-phase imaging demonstrates
a loss of signal in a lipid-rich adenoma, on the out-
of-phase image compared with the corresponding
in-phase imaging. A metastatic deposit does not
demonstrate this loss of signal (Conder et al. 2009).

What is the PA appearance on scintigraphy or
PET/CT radiology?

Adrenal scintigraphy with 6B-131Iodomethyl-
19-norcholesterol (NP-59), was introduced in 1977,
currently, it is no longer used in most centers (Funder et
al. 2008). Contrary to this Spyridonidis et al. (2013), in
a study from Greece, they concluded that, “in previous
years NP-59 scintigraphy was used infrequently, but
recently with the advent of hybrid single photon emis-
sion tomography (SPET/CT) systems the interest
in NP-59 scintigraphy has been renewed. Studies
comparing NP-59 SPET/CT imaging with AVS are
warranted in order to establish its diagnostic accuracy”.

On a PET/CT scan, most commonly using 18F-fluo-
rode oxyglucose (18F FDG PET/CT), the vast majority
of adenomas do not accumulate the radiopharmaceu-
tical. According to meta-analyses, 18F FDG PET/CT



FARRUGIA, et al. 33

scanning generally has a high sensitivity (97%) and
specificity (91%) in distinguishing between a malig-
nant and benign adrenal lesion (Boland et al. 2011;
Ctvrtlik et al. 2014). In a recent study by Powlson
et al. (2015), they used the metomidate, as a potent
ligand of CYP11B1 and CYPI11B2, which can be
C11H3-labelled as a PET tracer. They concluded that
“increasing experience with 11C-metomidate PET-CT
supports its use as an adjunct to AVS when this has
failed, is ambiguous, or cannot be undertaken”. The
same was confirmed by other studies (Bergstrom et al.
2000; Burton et al. 2012; Brown 2015).

What is Aldosteronoma Resolution Score (ARS)?

Zarnegar et al. (2008) developed a prediction model
using information readily available, at clinical presen-
tation, which could determine whether patients with
APA would have complete resolution of hypertension
after adrenalectomy. They used a predictive logistic
regression model that was derived using data on 100
patients who underwent adrenalectomy for primary
aldosteronism at one tertiary medical center (Univer-
sity of California, San Francisco Medical Center) and
was externally validated using an independent series
of 67 patients from another center (Mayo Clinic). The
variables included age, sex, BMI, size of tumor, family
history ofhypertension, years ofhypertension, number
of preoperative antihypertensive medications, plasma
potassium (mEq/L), plasma aldosterone (ng/dL), and
plasma renin activity (ng/mL/h). Family history of
hypertension was defined as one or more first-degree
family members with documented hypertension.
They concluded that clinical features were similar for
patients in the derivation and validation groups. Four
readily available predictors (2 or fewer antihyperten-
sive medications, body mass index <25 kg/m?, dura-
tion of hypertension <6 years, and female sex) yielded
the best predictive model for complete resolution
of hypertension after adrenalectomy. Based on the
resulting 4-item ARS, 3 likelihood levels for complete
resolution were identified: low (0-1), medium (2-3),
and high (4-5) with a predictive accuracy of 27%,
46%, and 75%, respectively. The ARS predicts accu-
rately a patient’s likelihood of complete resolution of
hypertension beyond 1 year (Aronova et al. 2014b).

TREATMENT
What surgical treatment is recommended for PA?

Surgical resection is the standard of care for unilat-
eral adrenal adenomas and unilateral adrenal hyper-

plasia resulting in primary aldosteronism (Worth et
al. 2015).

Open transperitoneal adrenalectomy has been the
gold standard of treatment for adrenal disease (Chai et
al. 2014). The last years other types of adrenal surgery
have evolved and these are; Laparoscopic lateral trans-
peritoneal adrenalectomy (LTA), laparoscopic poste-
rior retroperitoneal adrenalectomy (PRA). LTA has
been the standard method for resecting benign adrenal
gland tumors. Recently, however, PRA has been more
popular as an alternative method (Chai et al. 2014).

Laparoscopic adrenalectomy (LA), has now been
proven to be a safe and effective treatment for PA
(Shen et al. 1999; Iacobone et al. 2015). Laparo-
scopically treated patients have fewer postoperative
complications and are equally likely to improve in BP
and correct hypokalemia, if present preoperatively,
when compared with patients treated with open
adrenalectomy. Additional benefits of LA are smaller
incisions, decreased postoperative pain, and a shorter
hospital stay (Takeda et al. 1994; Lee et al. 2008; Iaco-
bone et al. 2015).

In three recent meta-analyses compared the trans-
peritoneal and retroperitoneal adrenalectomy: two
concluded that both techniques have equivalent
outcomes (Constantinides et al. 2012) whereas the
other claimed the retroperitoneal approach to be
superior in short-term outcomes (Chen et al. 2013).
All these metanalyses studied adrenal surgery in
general they were not exclusive to PA.

The indications to laparoscopic unilateral total or
partial adrenalectomy in patients with unilateral PA
remain controversial (Iacobone et al. 2015).

Conversion to open surgery is required in less than
5% of cases (Brunt 2006). Perioperative mortality is
less than 0.5%, non-fatal complications occur in 5%
to 15% of cases and most of them are benign (tempo-
rary relaxation and/or hypoesthesia of the abdominal
wall) (Assalia and Gagner 2004; Brunt 2006; Walz et
al. 2006). Fewer than 2% of patients experience severe
complications: hemorrhage requiring transfusion,
cardiac or respiratory destabilization (Assalia and
Gagner 2004; Brunt 2006; Walz et al. 2006; Steichen
etal. 2015).

A modern technique, robot-assisted adrenalec-
tomy (RA) has emerged as an attractive alternative to
laparoscopic adrenalectomy (LA), and many studies
have shown the feasibility and safety of RA. In the
early experience, data suggest that RA, compared
with laparoscopic adrenalectomy, may be a safe and
feasible option associated with less blood loss and
shorter hospital stay when performed by experi-
enced surgeons in selected patients (Tang et al. 2015).
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In a study comparing RA and open adrenalectomy
conducted by Probst et al. (2016), they found that RA
was safe and cost-effective compared with open adre-
nalectomy. Increasing experience leads to similar
operating times, putting high-volume centers at an
advantage (Probst et al. 2016).

How are patients for surgery prepared?

In the patient scheduled for surgery, both hyper-
tension and hypokalemia should be well controlled
preoperatively. Obtaining such control may require a
delay in surgery and the addition of an MRA (Funder
et al. 2008).

Patients should be treated with a MRA and potas-
sium supplements to lower BP and to correct hypo-
kalemia before surgery. Preoperative MRA for a few
weeks before surgery may also decrease the risk of
postoperative hypoaldosteronism due to the chronic
suppression of aldosterone secretion in the contra-
lateral gland (Steichen et al. 2015). Treatment with
spironolactone should be discontinued postoperatively
(Young 2003a). Nonetheless, postoperative hyperka-
lemia is seen in up to 30% of patients (Fischer et al.
2012; Chiang et al. 2013). This is usually mild and tran-
sient, but MRA treatment and potassium supplements
should be discontinued at the time of surgery, to mini-
mize the risk, and serum potassium concentrations
should be monitored closely, particularly in patients
with chronic kidney disease (Chiang et al. 2013).

What is the postoperative management?

Serum potassium levels should be monitored
weekly for 4 weeks. In a small number of patients
with APA, marked hyperkalemia develops postop-
eratively and short-term fludrocortisone supplemen-
tation might be required (Mattsson and Young 2006).
Because aldosterone production in the contralateral
adrenal might be suppressed during the first post-
operative weeks, a sodium-rich diet should be recom-
mended (Mattsson and Young 2006).

Is there any risk of kidneys damage or
dyslipidemia after adrenalectomy?

PA patients display relative glomerular hyper-
filtration, which is reversed by specific treatment,
revealing chronic kidney disease in 30% of patients.
However, further kidney damage is prevented by the
treatment of PA (Steichen et al. 2015).

Adrenalectomy can lead to a significant decrease
in the GFR, as a consequence of correcting the

glomerular hyperfiltration peculiar to PA (TAIPAI
Study Group et al. 2009; Wu et al. 2011; Utsumi et al.
2013; Kaga et al. 2015). Furthermore, it is well known
that the progression of renal insufficiency eventually
causes cardiometabolic events, such as dyslipidemia
and premature atherosclerosis (Vaziri 2006; Piecha et
al. 2009; Bagrodia et al. 2014; Kaga et al. 2015).

Kaga et al. (2015), from Japan, conducted a study
to explore the postoperative changes in serum lipid
levels and to identify risk factors associated with
postoperative new-onset dyslipidemia in PA patients.
They found that a significant decrease in eGFR (esti-
mated GFR) and deterioration of serum lipid levels
was identified postoperatively in most patients in
their study. Multivariate analysis identified preopera-
tive lower eGFR and higher body mass index as inde-
pendent predictors for new onset dyslipidemia after
surgery. On univariate analyses, additional factors
associated with new onset dyslipidemia included older
age, male sex, higher LDL-cholesterol, and higher
LDL/HDL ratio. They concluded that PA patients had
a higher risk of postoperative new-onset or progres-
sive dyslipidemia. Clinicians should pay attention
to not only follow-up of renal impairment but also
total management of new-onset metabolic events
associated with renal insufficiency in PA patients.

Whom to treat and which are
the pharmaceutical treatments?

Patients with IHA, and those with APA or unilat-
eral hyperplasia who are not candidates for or who
decline surgery, should receive a MRA (Mattsson and
Young 2006).

The goals of treatment are the normalization of
serum potassium concentration, blood pressure
control and prevention of the direct effects of excess
aldosterone on target organs. The non-surgical treat-
ment of PA is based on MRA and dietary sodium
restriction.

Two drugs of this class are currently available:
spironolactone and eplerenone. The guidelines
recommend spironolactone as the primary agent for
the management of PA, with eplerenone as an alter-
native (Funder et al. 2008). Potassium canrenoate
and/or canrenone (a metabolite of spironolactone)
may also be used (Iacobone et al. 2015).

Spironolactone can, however, be of limited value
because of its affinity for androgen and progesterone
receptors. This affinity can induce adverse effects
such as gynecomastia and sexual dysfunction in
men, and menstrual irregularities in women. Gyne-
comastia was reported in 6.9% of men who received
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50 mg of spironolactone daily and in 52.0% of those
who received 150 mg daily (Jeunemaitre et al. 1987;
Mattsson and Young 2006).

With change in the molecule of spironolactone,
eplerenone was created. The affinity of eplerenone
for progestin and androgen receptors is as much
as 500-fold lower than that of spironolactone, thus
nullifying the adverse effects associated with proges-
terone agonism and androgen antagonism. Eplere-
none has no active metabolites and a shorter half-life
than spironolactone. These characteristics probably
underlie the reduced risk of hyperkalemia associated
witheplerenone (Sica2005; Mattssonand Young2006).

Spironolactone is rapidly metabolized in the liver
into a number of metabolites including 7a-methyl-
spironolactone and canrenone (Amar et al. 2015).
Potassium canrenoate, is a water-soluble derivative
of spironolactone, sharing the same active metabo-
lite canrenone, but probably has a different pattern
of metabolism that avoids the formation of interme-
diate products with anti-androgenic effects (Arma-
nini et al. 1985; Dupont 1985). Where it is available,
canrenone (an active metabolite of spironolactone) or
potassium canrenoate, its open E-ring water-soluble
congener, might be considered, in that they possibly
have fewer sex steroid-related side effects. In addition,
a small dose of a thiazide diuretic, triamterene, or
amiloride can be added to attempt to avoid a higher
dose of spironolactone, which may cause side effects
(Funder et al. 2008).

From a health economics perspective, however,
spironolactone is recommended as first-line drug;
the average wholesale price, in USA, for a year of
eplerenone therapy (50 mg twice daily) is US$2,759
compared with $603 for spironolactone (50 mg twice
daily) (Fleming 2005; Mattsson and Young 2006).

Epithelial sodium channel (ENaC) blockers are
used when MRA are not well tolerated; thiazide
diuretics and calcium channel blockers are used
when blood pressure control is insufficient with the
first-line treatment (Steichen et al. 2015). Dietary
sodium restriction should be implemented in all
cases, because the deleterious consequences of hyper-
aldosteronism are dependent on salt loading (Stei-
chen et al. 2015).

Amiloride is an ENaC blocker that opposes the
reabsorption of sodium in exchange for potassium
in the distal tubules and collecting ducts. In most
countries, it is available in the form of 5mg tablets,
although the usual daily dose required to correct
hyperaldosteronism effectively is 10 to 40 mg (Ramsay
et al. 1980; Steichen et al. 2015). Another alternative
is triamterene.

FH type 1 or glucocorticoid-remediable aldoste-
ronism (GRA) are treated with low-dose dexametha-
sone (0.125 to 0.25 mg/day) or low-dose prednisone
(2.5 to 5 mg/day) at bedtime efliciently suppresses
ACTH secretion, thereby decreasing the ACTH-
dependent hyperaldosteronism (Litchfield et al.
1998). As glucocorticoid treatment does not always
result in normalization of blood pressure, the addi-
tion of a MRA should be considered (Mattsson and
Young 2006).

What is better, surgery or pharmaceutical
treatment?

Several studies comparing the results of surgery
and MRA have reported no differences in terms of
blood pressure, serum potassium concentration or
cardiovascular and renal outcomes, although the
benefits of treatment tend to be observed sooner with
surgery (Steichen et al. 2015).

Conclusions

PA is the major cause of the secondary hyperten-
sion. Its prevalence can reach up to 24% in high risk
populations. PA should be searched in patients with
high BP (>160 mmHg systolic or 100 mmHg diastolic),
in drug resistant HTN, in patients with HTN and
hypokalemia, in first degree relatives of PA patients
and in patients with cerebrovascular accidents in
<40years old. The gold standard for diagnosing PA is
the ARR. If positive we proceed with one of the four
confirmatory tests. If one of these is positive then we
proceed with localization techniques, AVS and CT
scan. If the lesion is unilateral and the patient agrees
and is fit for surgery we proceed to excise the lesion.
Patients should be treated with a MRA and potassium
supplements to lower BP and to correct hypokalemia
before surgery. If the lesion is bilateral, we treat with a
MRA. We start with spironolactone which is cheaper
and if complications appear, substitute with eplere-
none. If the MRA is not effective to control BP or are
not tolerated, we can use ENaC blocker. If BP control
cannot be achieved we can add thiazide diuretics and
or calcium channel blockers. Dietary sodium restric-
tion should be implemented in all cases. Laparoscopic
adrenalectomy is the operation of choice.
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