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Primary aldosteronism: diagnostic and treatment

strategies

Cecilia Mattsson and William F Young Jr*

SUMMARY

Primary aldosteronism is caused by bilateral idiopathic hyperplasia in
approximately two-thirds of cases and aldosterone-producing adenoma in
one-third. Most patients with primary aldosteronism are normokalemic.

In the clinical setting of normokalemic hypertension, patients who have
resistant hypertension and hypertensive patients with a family history atypical
for polygenic hypertension should be tested for primary aldosteronism.

The ratio of plasma aldosterone concentration to plasma renin activity has
been generally accepted as a first-line case-finding test. If a patient has an
increased ratio, autonomous aldosterone production must be confirmed

with an aldosterone suppression test. Once primary aldosteronism is
confirmed, the subtype needs to be determined to guide treatment. The initial
test in subtype evaluation is CT imaging of the adrenal glands. If surgical
treatment is considered, adrenal vein sampling is the most accurate method
for distinguishing between unilateral and bilateral adrenal aldosterone
production. Optimal treatment for aldosterone-producing adenoma or
unilateral hyperplasia is unilateral laparoscopic adrenalectomy. The idiopathic
bilateral hyperplasia and glucocorticoid-remediable aldosteronism subtypes
should be treated pharmacologically. All patients treated pharmacologically
should receive a mineralocorticoid receptor antagonist, a drug type that has
been shown to block the toxic effects of aldosterone on nonepithelial tissues.

KEYWORDS adrenalectomy, hyperaldosteronism, mineralocorticoid receptor,
potassium, renin

REVIEW CRITERIA
We searched PubMed using terms including “aldosterone”, “primary

hyperaldosteronism”, “aldosterone producing adenoma’, “bilateral idiopathic

hyperplasia”, “renin”, “potassium”, “mineralocorticoid receptor antagonist’,
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“spironolactone”, “eplerenone”, “adrenal vein catheterization”, “adrenalectomy” and
“essential hypertension” The search was not restricted by date or language of publication.
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INTRODUCTION

The prevalence of hypertension has increased
over the past several decades. It is estimated
that approximately 85 million people (28.7% of
total population) in the US are currently hyper-
tensive.! Although most cases of hypertension
are ‘essential’ or ‘idiopathic’, some cases have
an identifiable cause, secondary hypertension.
Identifying this latter subgroup is important
as patients can be offered a curative therapy or
targeted pharmacotherapy. The most common
form of secondary hypertension is primary
aldosteronism. Defined as hypertension asso-
ciated with low renin and increased aldosterone
levels that are not suppressed by appropriate
testing (see below), primary aldosteronism was
first described by Conn in 1955 in a 34-year-old
woman with hypertension, intermittent para-
lysis, hypokalemia and metabolic alkalosis.?
Further biochemical analyses detected increased
activity of urinary salt-retaining corticoid.
The patient was cured by removal of a benign
adrenal adenoma.?

Conn initially suggested that primary aldos-
teronism might affect up to 20% of hypertensive
patients, but later revised his estimate to 10%.4
During the ensuing decades the prevalence of
primary aldosteronism among hypertensive
patients was found to be less than 3.5%.>710 In
1976, measurement of the ratio of plasma aldos-
terone concentration (PAC) to plasma renin
activity (PRA) was introduced as a test to screen
for primary aldosteronism!! but was not used
routinely until the early 1980s when Hiramatsu
and colleagues proposed it be the first-line
case-finding test for the condition.!? Use of the
PAC : PRA ratio has substantially increased the
number of confirmed cases of primary aldos-
teronism worldwide. ! Clinical investigators have
found the prevalence of primary aldosteronism
among nonselected hypertensive persons to be
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between 5% and 13%.1420 So, with an estimated
prevalence of 10%, approximately 8.5 million
people in the US have primary aldosteronism.

The prevalence of primary aldosteronism
increases with severity of hypertension. Mosso
and colleagues'* showed that prevalence was
1.99% in subjects with STAGE 1 HYPERTENSION
(according to the Joint National Committee 6);
8.02% in STAGE 2 HYPERTENSION; and 13.2%
in STAGE 3 HYPERTENSION. Among patients
with resistant hypertension, the prevalence of
primary aldosteronism has been reported to be
17-20%.2122 African American and black South
African subjects have lower renin levels than
Caucasian subjects;23’24 this could influence
the result of the PAC : PRA ratio test, but ethnic
differences have not been found to affect the preva-
lence of primary aldosteronism.?! Consistent age
effects are not evident. Compared with essential
hypertension, primary aldosteronism has been
reported by some to be more common among
younger patients; others have detected no differ-
ence between age-groups.'*1%2! No difference
between the sexes has been reported.!#

PATHOGENESIS
Aldosterone, produced in the zonNa
GLOMERULOSA, is synthesized and released mainly
in response to renin-dependent production of
ANGIOTENSIN 11; however, adrenocorticotropic
hormone (ACTH), serum potassium, and
dopamine also affect its production and secre-
tion. Aldosterone exerts its effect by binding to
the nuclear mineralocorticoid receptor. This
ligand-receptor complex attaches to DNA and
promotes gene expression. 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. In the
past, hypokalemia was thought to be a manda-
tory finding in primary aldosteronism but, as
noted by Conn and colleagues in 1965,%° the
potassium levels in primary aldosteronism need
not be below normal. Later studies confirmed
that most patients with primary aldosteronism
are normokalemic,!3-17:21,26,27

In addition to causing hypertension, high
levels of aldosterone have negative effects on
nonepithelial tissues. These include increased
oxidative stress and collagen remodeling, which
result in endothelial dysfunction, left ventricular
hypertrophy and fibrosis in the kidney, heart
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and blood vessels.?® Both animal experiments
and in vitro studies have shown that these effects
are independent of hypertension. For example,
long-term administration of aldosterone to rats
increases collagen formation in both the right
and left cardiac ventricles?® and induces coro-
nary inflammation with focal ischemic lesions.>?
Blockade of the mineralocorticoid receptor
(which only partially normalizes blood pres-
sure) substantially ameliorates the inflammatory
reaction.’” It has been suggested that left ventric-
ular hypertrophy is a result of high sodium intake
inducing a local increase in aldosterone synthase
within myocardial cells.?! It is clear, however,
that PAC has a role; there is a positive correlation
between cardiac collagen content (measured by
ultrasonic backscatter) and plasma aldosterone
levels in humans.>?

The negative effect of circulating aldosterone
on cardiac function was documented recently
by Stowasser and colleagues.>> These authors
reported that in young, nonhypertensive subjects
with glucocorticoid-remediable aldosteronism,
left ventricular wall thickness is increased and
diastolic function is reduced compared with
age- and sex-matched controls. Indeed, cardio-
vascular events (stroke, myocardial infarc-
tion and atrial fibrillation) are more common
in patients with primary aldosteronism than
in subjects with essential hypertension, a finding
that is independent of blood pressure.>* Clinical
multicenter studies (Randomized Aldactone
Evaluation Study [RALES] and Eplerenone
Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival Study [EPHESUS]) have
shown that addition of a mineralocorticoid
receptor antagonist to treatment regimens
decreases morbidity and mortality among
patients with cardiovascular diseases.?>>¢

Aldosterone excess might also exert effects
beyond blood pressure and the cardiovascular
system. Although its pathogenesis is unclear, the
metabolic syndrome is more common among
patients with primary aldosteronism than
among patients with essential hypertension.3”
Experimentally, aldosterone excess has been
linked with bone loss due to concomitant
increases in urinary calcium and magnesium
excretion.8

SUBTYPES

The relative frequencies of the different forms
of primary aldosteronism are listed in Table 1.
The two major subtypes are bilateral idiopathic

GLOSSARY

STAGE 1 HYPERTENSION
Systolic 140-159 mmHg or
diastolic 90-99 mmHg (Joint
National Committee 6)

STAGE 2 HYPERTENSION
Systolic 160-179 mmHg or
diastolic 100-109 mmHg
(Joint National Committee 6)

STAGE 3 HYPERTENSION
Systolic >180mmHg or
diastolic >110mmHg (Joint
National Committee 6)

ZONA GLOMERULOSA
One of the three distinct
tissue layers of the cortex
of the adrenal glands, the
zona glomerulosa produces
mineralocorticoid primarily
as aldosterone

ANGIOTENSIN Il

A circulating peptide that
causes blood vessels to
constrict; also stimulates
aldosterone production and
release, which promotes
sodium reabsorption in the
kidneys
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GLOSSARY
PHEOCHROMOCYTOMA
Tumor of the adrenal gland,
derived from chromaffin
cells, that causes excessive
catecholamine production
and hypertension

Table 1 Subtypes of primary aldosteronism. Adapted from reference 45.

Subtype Relative frequency (%)
Idiopathic hyperaldosteronism 65
Aldosterone-producing adenoma 30

Primary unilateral adrenal hyperplasia 3
Aldosterone-producing adrenocortical carcinoma 1
Aldosterone-producing ovarian tumor <1

Familial hyperaldosteronism type | (glucocorticoid-remediable aldosteronism) <1

Familial hyperaldosteronism type Il (familial occurrence of aldosterone-producing Unknown

adenoma and/or idiopathic hyperaldosteronism)

hyperaldosteronism (IHA) and aldosterone-
producing adenoma (APA; Figure 1). As most
patients with primary aldosteronism are normo-
kalemic and the PAC : PRA ratio is increasingly
being used as a case-finding test, IHA is now
the most frequently diagnosed subtype.!®3?
In general, IHA patients are older, have milder
hypertension and are more frequently normo-
kalemic than those with APA.%0 Unilateral adrenal
hyperplasia is an unusual subtype. Nonetheless,
this diagnosis should be considered when adrenal
vein sampling shows lateralization but an APA is
not detected during histological examination.*!
Approximately 1% of patients with primary
aldosteronism are shown to have an aldos-
terone-producing adrenocortical carcinoma. In
a summary based on 58 case reports, Seccia and
colleagues found that mean survival time was
approximately 1.5 years. There was wide variation
in tumor size. In less than half of the patients who
had undergone preoperative CT, the imaging
findings were indicative of malignancy (e.g.
heterogeneous density, calcification).?

Familial forms of primary aldosteronism
include familial hyperaldosteronism type 1
(FH-1) or glucocorticoid-remediable aldos-
teronism (GRA), and FH-2 (familial occurrence
of APA, THA or both). GRA, which is inherited
in an autosomal dominant fashion, is caused by
recombination between CYPI1BI and CYPI11B2,
which encode members of the cytochrome P450
superfamily of enzymes. The chimeric gene
formed via recombination has aldosterone
synthase activity. It is expressed throughout
the adrenal cortex and regulated primarily by
ACTH.® In addition to increased PAC, levels
of 18-OH-cortisol and 18-oxo-cortisol are
increased in GRA. Severity of hypertension is
associated with gender and with the position at

which the genes cross over. FH-2 occurs more
frequently than GRA, and familial studies indi-
cate autosomal dominant inheritance. In some
families, FH-2 is linked to a mutation in the
7p22 region. Such a linkage has not been found
in other families, indicating that FH-2 is a
genetically heterogeneous disease.**

CASE FINDING

Testing for primary aldosteronism should be
considered in any of the following circumstances:
(i) hypertension and spontaneous hypokalemia
or hypokalemia provoked by administration
of a low-dose diuretic; (ii) severe hypertension
(i.e. Joint National Committee 7 stage 2 hyper-
tension, >160 mmHg systolic and/or =100 mmHg
diastolic; (iii) a patient requires three or more anti-
hypertensive drugs; (iv) hypertension manifests
at a young age (e.g. <20 years); (v) adrenal inci-
dentaloma is present; (vi) whenever an evalua-
tion for secondary hypertension is considered
(e.g. when testing for renovascular disease or
PHEOCHROMOCYTOMA); and (vii) hypertensive
relatives of patients with primary aldosteronism.

Ratio of plasma aldosterone concentration
to plasma renin activity

After correcting hypokalemia (if present), the
blood of patients who are likely to have primary
aldosteronism should be sampled for measurement
of PAC and PRA, and the PAC : PRA ratio should
be calculated. As a clinical guideline, a PAC : PRA
ratio 220ng/dl per ng/ml per hour (554 pmol/l
per ng/ml per hour) in combination with a PAC
>15ng/dl (416 pmol/l) in a morning blood sample
from an ambulant patient is indicative of primary
aldosteronism. Confirmatory testing (see section
below) should be performed. It is important
to note that the PAC: PRA ratio threshold is
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laboratory-dependent. Mineralocorticoid receptor
antagonists (spironolactone and eplerenone) and
high-dose amiloride (e.g. >5mg daily) should
be discontinued 6 weeks before blood sampling
to avoid direct interference with the results.
Blood pressure and serum potassium levels need
to be monitored closely during drug with-
drawal.3>*> An algorithm of case findings and
further evaluation is presented in Figure 2.

The use of the PAC: PRA ratio has been
questioned because it is primarily an indicator
of low renin levels*® and might be affected by
patient age, ethnicity, f-adrenergic blockers,
angiotensin-receptor blockers, calcium-channel
blockers, angiotensin-converting-enzyme inhibi-
tors, posture and diurnal hormone Cydes.26’47’48
When the effects of the antihypertensive drugs
atenolol, amlodipine, doxazosin, fosinopril and
irbesartan on the PAC : PRA ratio were inves-
tigated in a group of patients with suspected
primary aldosteronism, amlodipine and irbe-
sartan were shown to contribute to a false-negative
ratio.?® In a recent study of 118 subjects with
essential hypertension, Schwartz and Turner!”
showed that neither antihypertensive medica-
tions nor acute variation of dietary sodium
adversely affected the accuracy of the PAC : PRA
ratio. Sensitivity of the ratio during periods with
and without therapy was 73% and 87%, respec-
tively; specificity was 74% and 75%, respectively.
Furosemide and upright posture do not improve
the post-test probability of APA to a greater
extent than using the baseline PAC : PRA ratio.*’
It is important to recognize, however, that the
PAC : PRA ratio is only a screening test. A
confirmatory aldosterone suppression test must
be conducted to verify autonomous aldosterone
production before treatment is initiated.

In a systematic review of 16 studies (3,136
total participants) Montori and Young>? found
that the threshold PAC : PRA ratios used varied
between 7.2 and 100.0ng/dl per ng/ml per
hour (200 and 2,774 pmol/l per ng/ml per hour).
Sensitivity and specificity for APA varied between
64% and 100%, and 87% and 100%, respec-
tively. Descriptions of reference standards and
attribution of diagnosis at the end of the studies
were, however, incomplete. In addition, origin
of the study cohort, ongoing antihypertensive
medications, use of high versus low salt diet,
and circumstances during blood sampling
were not standardized. The authors concluded
that none of the studies provided valid
estimates of PAC : PRA ratio test characteristics
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Figure 1 CT of aright adrenal mass in a 35-year-
old woman with a 7-year history of hypertension.
(A) Axial image showing 2-cm right adrenal nodule
(arrow), Hounsfield unit score 8. (B) Coronal
image. As adrenal venous sampling performed

at a local hospital was not conclusive, the patient
was referred to Mayo Clinic (Rochester, MN)

for a second opinion. Laboratory study results
included the following: serum potassium, 3.3 mEg/|
(8.3 mmol/I [during replacement with potassium
chloride 96 mEq daily]); plasma aldosterone
concentration (PAC), 46 ng/dl (1,276 pmol/l); and
plasma renin activity, <0.6 ng/dl per hour. Repeat
adrenal venous sampling showed that right adrenal
vein PAC was 19,795ng/dl (549,113 pmol/I [right
adrenal vein PAC : plasma cortisol ratio, 19.8]);

left adrenal vein PAC was 543 ng/dl (15,062 pmol/I
[left adrenal vein PAC : plasma cortisol ratio,
0.71]); and inferior vena cava PAC was 104 ng/dl
(2,885 pmol/I [inferior vena cava PAC : plasma
cortisol ratio, 4.5]). The right-to-left lateralization
ratio was 27.9:1.0 (right PAC : cortisol divided

by left PAC : cortisol) and consistent with a right
aldosterone-producing adenoma. Laparoscopic
right adrenalectomy was recommended.

(sensitivity, specificity and likelihood ratio at
different cutoff levels).

In a retrospective study of 62 patients (45 with
primary aldosteronism and 17 with essential
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Positive case-finding test
PAC: PRA >20ng/dl per ng/ml per hour (555pmol/l per ng/ml per hour)
PLUS PAC >15ng/dI (416 pmol/l)

Confirmatory testing
Sodium loading (oral, intravenous or fludrocortisone)

— Adrenal CT

Normal, multinodular, unilateral
or bilateral enlargement

Unilateral nodule

Nodule
AVS not size AVS not
required if <lcm required if
a 510 years Ptitable
aged <40 years : !
AND nodule size fiienal venous sampl candidate for
is >1cm AND or does no
nodule <10HU Lateralization  No lateralization ;Vlﬁgetr?/ undergo,

Surgery

Mineralocorticoid
receptor antagonist

Figure 2 Algorithm for using the ratio of plasma aldosterone concentration
to plasma renin activity as a case-finding tool, and for subtype evaluation,
of primary aldosteronism. This algorithm should be modified on the basis of
clinical circumstance; common sense should prevail.

AVS, adrenal vein sampling; HU, Hounsfield units; PAC, plasma aldosterone
concentration; PRA, plasma renin activity.

GLOSSARY

RECEIVER OPERATING
CHARACTERISTIC (ROC)
CURVE

A statistical validation tool
used to measure how well
logistic regression models
have predicted a particular
binary outcome. The area
under the curve equates to
the probability of being able
to discriminate between the
two possible outcomes, with
the null value represented
by 0.5, and the ideal value
being 1.0

ANGIOTENSINOGEN

A 453-amino acid peptide,
produced constitutively in
the liver and cleaved by
kidney-derived renin to
generate the 10-amino acid
angiotensin |, which in turn
is converted to 8-amino acid
angiotensin Il

hypertension), Tiu and colleagues®! showed that
the PAC : PRA ratio has a larger area under the
RECEIVER OPERATING CHARACTERISTIC CURVE
than PAC or PRA alone, thus justifying the
use of the PAC : PRA ratio as a first-line case-
finding test. The cutoff levels corresponding to
the highest accuracy for the PAC: PRA ratio
varied with posture and time of day, and this
test should be standardized both within and
between centers to minimize variability. Adding
PAC as a single variable to the PAC : PRA ratio
provides a higher sensitivity and specificity for
identifying primary aldosteronism.>?

Immunoreactive renin concentration

As estimates of PRA depend on physiological
ANGIOTENSINOGEN levels, several pathological
and physiological conditions can influence PRA
concentration. Technical difficulties are associated
with the laboratory assay for PRA. For example,
the sample must be stored and transported

on ice. Also, there is a lack of methodological
standardization between different laboratories.
To overcome these problems, a monoclonal anti-
body directed against active renin has been devel-
oped and several laboratories currently measure
immunoreactive renin concentration (ARC)
instead of PRA. To date, few studies have focused
on comparing the different methods in testing for
primary aldosteronism. In one study, a PAC : ARC
ratio cutoff of 90 pg/ml (2.13 pmol/l) was found
to have a sensitivity of 100.0% and specificity
of 98.6% (n=83, ten patients known to have
APA). In a prospective study of 36 hypertensive
patients, Ferrari and colleagues®* found that a
PAC : ARC ratio greater than 5.4ng/dl per ng/l
(corresponding to a PAC : PRA ratio >27ng/dl
per ng/ml per hour [749pmol/l per ng/ml
per hour]) was indicative of primary aldos-
teronism. Olivieri et al>> used a PAC: ARC
ratio when screening for primary aldosteronism
in a primary care setting and found that 32.4%
of hypertensive subjects had a PAC:ARC
ratio >32pg/ml (0.76 pmol/l; corresponding
to a PAC:PRA ratio of 50ng/dl per ng/ml
per hour [1,387 pmol/l per ng/ml per hour]).
Notably, the diagnosis of primary aldosteronism
was not subsequently confirmed with a suppres-
sion test in any of these studies. More studies
with larger cohorts are needed before ARC can
be recommended as a replacement for PRA when
testing for primary aldosteronism.

CONFIRMATORY TESTING

The most widely used confirmatory tests for
primary aldosteronism are intravenous saline
loading, oral sodium loading and the fludro-
cortisone suppression test (FST). The prin-
ciple underlying these tests is that an increase
in intravascular volume should decrease renin
release and subsequent aldosterone produc-
tion in patients without primary aldosteronism.
Sodium suppression testing is performed by
one of two methods. First, oral administration
of sodium chloride (12g per day for 4 days)
and measurement of urinary aldosterone level
and sodium excretion on days 3 to 4 (normal
suppression is defined as a 24-h urinary aldos-
terone concentration <12 ug, concomitant with
urinary sodium >200 mmol/day). Some patients
already consume a diet with such high sodium
content that administration of sodium chloride
tablets is unnecessary. The second technique is
intravenous infusion of 21 of normal saline over
4h, and measurement of PAC at baseline and
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4-h time points (normal suppression is defined
as PAC <10ng/dl [277 pmol/l]). Intravenous
sodium loading should start during the morning,
as the circadian rhythm of ACTH will lower PAC
in some patients with adenoma and GRA, thereby
generating false-negative results.

In the FST, fludrocortisone acetate is adminis-
tered for 4 days (0.1 mg every 6h) concomitant
with a high sodium diet and slow-release
sodium chloride 30 mmol (1.8g) three times
per day. Plasma potassium level should be
measured daily and the patient given suffi-
cient supplements to maintain normal levels.
Failure to suppress upright PAC (measured at
10:00h) to a level less than 6 ng/dl (166 pmol/l)
at day 4 is diagnostic of primary aldosteronism,
provided that PRA is <1 ng/ml/h, serum cortisol
concentration is less at 10:00h than at 07:00h,
and plasma potassium is within normal range.>®
It should be noted that increased QT DISPERSION
in combination with deterioration of ventricular
function has been reported during the FST.>’
For this reason, this test should be used with
care, and the authors do not recommend it as
a first choice.

The captopril suppression test (CST) has
also been introduced as a potential confirma-
tory technique for primary aldosteronism.
Captopril inhibits the conversion of angio-
tensin I to angiotensin II, thereby inhibiting
aldosterone production and increasing renin
levels in healthy subjects. CST is performed
by measuring plasma aldosterone levels before
and 2h after oral administration of 25mg
captopril. Normal suppression is defined as
PAC less than 15ng/dl (416 pmol/l) and a
PAC : PRA ratio less than 50ng/dl per ng/ml
per hour (1,387 pmol/l per ng/ml per hour).>8
In a comparative study of CST and oral
salt loading in 49 subjects, Agharazii and
colleagues®® detected comparable sensitivity.
The authors noted that because the CST did not
depend on sodium intake, it could be performed
in patients for whom salt loading is contra-
indicated (such as those with cardiac failure)
and is an efficient alternative test. Additional
confirmatory studies and a better assessment
of test characteristics are needed before the CST
can be recommended as a replacement for the
current standard confirmatory tests. It should
also be noted that administration of captopril
can result in profound hypotension in some
patients. Careful blood pressure monitoring
is required.
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It should be noted that all of the confirmatory
tests mentioned above have risks and should be
used with care in patents with compromised left
ventricular cardiac function.

SUBTYPE EVALUATION

As treatment options differ for different forms of
primary aldosteronism, it is important to deter-
mine the disease subtype. After the diagnosis of
primary aldosteronism has been confirmed, the
patient should undergo CT (with or without
contrast enhancement) with 2—3-mm thick slices
of the adrenal glands. The probability of identi-
fying an adrenal mass on CT is approximately
6%;%9 however, most adrenal nodules found on
CT are nonfunctional and benign.®! As such,
the anatomic identification of an adrenal mass
on CT in a patient with primary aldosteronism
does not establish a cause-and-effect relation-
ship. Of 203 patients who underwent both CT
and adrenal vein sampling (AVS), 51% of those
with a unilateral micronodule (<1 cm) produced
aldosterone at the contralateral side and 41% of
those producing aldosterone unilaterally had
normal CT ﬁndings.62 So, adrenal CT lacks the
overall accuracy to distinguish between unilateral
and bilateral disease.

When the patient and clinician wish to pursue
surgical treatment (see section below), AVS
should also be performed in most patients. AVS is
technically difficult and requires a radiologist
with experience. A subtype study that clinicians
can use is [iodine-131]6-B-iodomethyl-19-
norcholesterol (NP-59) scintigraphy. Although
advocated by some groups,®? the sensitivity of
NP-59 scintigraphy depends heavily on the size
of the adenoma.®*%> Because tracer uptake was
poor in adenomas less than 1.5 cm in diameter,
this method was not often helpful in inter-
preting micronodular findings obtained with
high-resolution CT. In addition to its poor
sensitivity, other reasons that NP-59 is rarely
used in the US include the following: (i) NP-59
is not approved by the FDA, and its use requires
institutional review board approval; (ii) dexa-
methasone is administered at 1 mg every 6h
starting 7 days before NP-59 injection and
continued throughout the scanning period;
(iii) imaging starts on day 4 after NP-59 injection,
and can continue daily through day 10; (iv) a
lateralizing scan can be seen in adrenal cortical
adenomas that do not secrete aldosterone; and
(v) only three or four centers in the US currently
offer NP-59 scintigraphy.

GLOSSARY

QT DISPERSION

The time elapsed from

the beginning of the

QRS complex to the

end of the T wave in

an electrocardiogram,
representing the total
duration of electrical activity
of the ventricles

APRIL 2006 VOL 2 NO 4 MATTSSON AND YOUNG

NATURE CLINICAL PRACTICE NEPHROLOGY 203

©2006 Nature Publishing Group



www.nhature.com/clinicalpractice/neph

304 OO n=101
o rs = 0.034
O P=0.73
25 ° O °
£ o
% 204 OO o0
S
{888 o °
5 151 0000 o} o)
£ Soo o
b (OO O e)
£ 10- er'ee
£ o
g o 3%
5_
68
0 T T T 1
0 50 100 150 200

Plasma aldosterone concentration (ng/dl)

Figure 3 Relationship between maximal diameter of aldosterone-producing
adenoma at pathology examination and plasma aldosterone concentration
(n=101). Only subjects with adrenal vein sampling-predicted and surgically
confirmed solitary unilateral aldosterone-producing adenoma were included.
ls Spearman rank correlation coefficient.

On CT, benign cortical adenomas are uniform,
round and hypodense (e.g. Hounsfield unit score
<10).%6 So, for cases in which APA is highly likely
(patients <40 years of age with marked primary
aldosteronism, e.g. PAC >30ng/dl [832 pmol/l])
and a well-defined, hypodense adrenal mass
(>1cm on CT scan) is identified, AVS can be
bypassed and the patient can undergo unilateral
laparoscopic adrenalectomy.3*%7 A review by
Kloos et al. included discussion of age-dependent
prevalence of adrenal cortical adenomas. In
patients with primary aldosteronism, the
likelihood that an adrenal mass is related to
the primary aldosteronism is much greater
in a 20-year-old than in a 70-year-old; in the
latter patient group, the prevalence of clini-
cally nonfunctioning cortical adenomas exceeds
7%.51 So, when CT shows a unilateral nodule
in a patient who is older than 40 years, the
physician should not assume that the mass is
the source of excess aldosterone. Finding an
irregular adrenal mass or a dense adrenal mass
(Hounsfield unit score >10 detected by adrenal
CT) in a patient with primary aldosteronism is
not typical of a benign aldosterone-producing
adenoma; the adrenal mass might not be the
source of aldosterone hypersecretion. When
large adrenal masses (>4cm) that are dense

or have mixed attenuation on CT are found
in patients with primary aldosteronism, a
diagnosis of adrenocortical carcinoma should
be considered. If surgical treatment is to be
pursued in this clinical setting, then AVS is
mandatory. In 101 patients with AVS-predicted
and surgically confirmed solitary APA at the
Mayo Clinic, Rochester, no significant correla-
tion was found between PAC and tumor size
(Figure 3).

Cerebrovascular complications at a young age
can affect up to 18% of patients with GRA.%8
As such, patients with primary aldosteronism
who have early-onset hypertension (i.e. before
the age of 20 years), a family history of primary
aldosteronism or a family history of stroke
(<40 years of age) should undergo screening
tests for GRA. Because aldosterone produc-
tion is ACTH-dependent, the dexamethasone
suppression test can be used in the diagnostic
work-up, although germline mutation testing is
the best single test.® In clinical practice, FH-2
is indistinguishable from APA and THA, and the
diagnosis can be made only by documenting
primary aldosteronism in other family members
and excluding GRA with genetic testing.

TREATMENT

Surgical intervention

Unilateral laparoscopic adrenalectomy is the
optimal treatment for patients diagnosed with
APA or unilateral hyperplasia. PAC should
be measured the day after surgery to confirm
surgical cure. Serum potassium levels should
be analyzed the day after the operation. In
most cases, potassium supplementation should
be withdrawn and doses of antihypertensives
decreased when the patient is discharged from
hospital. Because aldosterone production in the
contralateral adrenal might be suppressed during
the first postoperative weeks, a sodium-rich diet
should be recommended. Serum potassium
levels should be monitored weekly for 4 weeks.
In a small number of patients with APA, marked
hyperkalemia develops postoperatively and
short-term fludrocortisone supplementation
might be required.

In almost all patients with surgically managed
APA, control of blood pressure improves and
serum potassium levels normalize. Between 33%
and 35% become normotensive (blood pres-
sure <140/90 mmHg) without the aid of anti-
hypertensive drugs.#%-70-72 Other investigators,
who defined cure as blood pressure less than

204 NATURE CLINICAL PRACTICE NEPHROLOGY

©2006 Nature Publishing Group

MATTSSON AND YOUNG APRIL 2006 VOL 2 NO 4




160/95 mmHg without medication, have reported
a cure rate of 56-77%.737> Removal of an APA
has also been shown to restore the normal diurnal
rhythm of blood pressure.”® Factors reported
to be associated with cure of the disease post-
operatively include lack of a family history of
hypertension, preoperative use of no more than
two antihypertensive drugs, young age, short
duration of hypertension (<5 years), positive
response to spironolactone, high preoperative
PAC: PRA ratio and a high urinary aldos-
terone excretion.”%7273,75 Pre-existing apparent
polygenic hypertension is probably the most
common reason for persistently increased
blood pressure.”>

In a summary of studies on laparoscopic
adrenalectomies (limited to reports with =40
patients), primary aldosteronism was found to be
the most common indication.”” In a series of 245
adrenalectomies performed at Mayo Clinic, 41%
of patients had primary aldosteronism.®” The
most common surgical approach is unilateral
laparoscopic adrenalectomy. Compared with
open adrenalectomy, laparoscopic adrenalectomy
is associated with fewer complications and fewer
hospitalization days.”880 According to a retro-
spective study from the University of Calgary, the
frequency of adrenalectomy for primary aldos-
teronism increased from 13% to 27% after the
introduction of laparoscopic surgery.8! Selected
by 1cD-9-cM code, the annual rate of adrenalec-
tomies for hyperaldosteronism increased from
0.15 to 0.28 per 100,000 discharges between
1988 and 2000 (P=0.015) in the US.82 This
significant increase can also be attributed to
heightened awareness and more frequent case-
finding testing for primary aldosteronism
among physicians. Ishidoya and colleagues®?
compared outcomes after partial and total
adrenalectomy and reported that all patients
(n=63) were cured after total adrenalectomy,
whereas 2 of 29 patients who underwent
partial adrenalectomy were still hypertensive
with elevated PAC in the postoperative period.
Multiple nodules were found in 27% of the
extirpated adrenals. This finding indicates that
primary aldosteronism can be multinodular,
and that it is not feasible for the surgeon to
macroscopically identify and enucleate all
adenomas. The potential advantages of partial
adrenalectomy are minimal (e.g. fewer ports,
shorter operative time, preservation of adrenal
tissue) and must be weighed against the risk of
persistent primary aldosteronism.

www.nature.com/clinicalpractice/neph

Few long-term studies have compared adrenalec-
tomy with medical treatment in APA. In a retro-
spective study of 24 patients with APA treated
for at least 5 years with spironolactone or potas-
sium-sparing diuretics, Ghose and colleagues®*
found that blood pressure decreased by a mean of
46/27 mmHg. Despite this, most patients required
additional hypertensive drugs and several of
those taking spironolactone reported adverse
effects (e.g. breast tenderness, breast engorge-
ment, muscle cramps, decreased libido, menstrual
irregularity, erectile dysfunction, axillary hair loss
and irritability). In the long term, adrenalectomy
is less expensive than medical therapy.”!

Pharmacological therapy
Patients with IHA, and those with APA or
unilateral hyperplasia who are not candidates for
or who decline surgery, should receive a mineralo-
corticoid receptor antagonist. Two drugs of this
class are currently available: spironolactone and
eplerenone. 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. Gynecomastia was
reported in 6.9% of men who received 50 mg of
spironolactone daily and in 52.0% of those who
received 150 mg daily.8>

Substitution of the 17a-thioacetyl group of
spironolactone with a carbomethoxy group
generates eplerenone. 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
progesterone agonism and androgen antagonism.
Eplerenone has no active metabolites and a shorter
half-life than spironolactone. These characteristics
probably underlie the reduced risk of hyperkalemia
associated with eplerenone.?¢ In a study of men
with mild to moderate essential hypertension,
50mg eplerenone twice daily for 8 weeks reduced
blood pressure by a mean of 11.7/7.8 mmHg,3°
On a molecular basis, eplerenone is 50-75%
as potent as spironolactone.’” From a health
economics perspective, however, spironolactone is
recommended as first-line drug; the average whole-
sale price for a year of eplerenone therapy (50 mg
twice daily) is US$2,759 compared with $603 for
spironolactone (50 mg twice daily).88

Amiloride has been used as an alternative
to mineralocorticoid receptor antagonists on
account of its potassium-sparing effect. In vitro

GLOSSARY

ICD-9-CM

International Classification
of Disease, Ninth Revision,
Clinical Modification
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GLOSSARY

CUSHING’S SYNDROME
A disorder related to
excess endogenous or
exogenous glucocorticoids,
characterized by symptoms
including central weight
gain, muscle wasting

in the extremities, skin
striae, ecchymoses,
glucose intolerance, and
hypertension

studies have found that amiloride prevents aldos-
terone-induced endothelial swelling.3° In experi-
ments with rats, the drug inhibited myocardial
scarring induced by excess aldosterone.”® To date
there have been no clinical studies showing that
amiloride protects against the negative effects
of aldosterone on nonepithelial tissues. For
pharmacotherapy of primary aldosteronism, a
mineralocorticoid receptor antagonist is highly
recommended, even if used only at a low dose
(e.g. spironolactone 12.5 mg daily).

GRA is also treated pharmacologically, with
a glucocorticoid to partially suppress pituitary
ACTH secretion. To avoid iatrogenic CUSHING’S
SYNDROME, the lowest effective dose of gluco-
corticoid should be used. As glucocorticoid
treatment does not always result in normaliza-
tion of blood pressure, the addition of a
mineralocorticoid receptor antagonist should be
considered. Other antihypertensive agents might
be used as third-line and fourth-line agents for
adequate blood pressure control.”!

CONCLUSION

Primary aldosteronism is a common and poten-
tially curable cause of hypertension. Measurement
of the PAC : PRA ratio and PAC are inexpensive,
low-risk case-finding tools that are available at
most medical centers. Optimal treatment (from
both individual and cost-effective perspectives)
for APA is unilateral laparoscopic adrenalectomy.
All pharmacologically managed patients should
receive a mineralocorticoid receptor antagonist
to prevent the negative effects of aldosterone on
nonepithelial tissues.

KEY POINTS
= Primary aldosteronism is present in 5-13% of
people with hypertension

= Diagnosis of primary aldosteronism is based
on an increased ratio of plasma aldosterone
concentration to plasma renin activity, and results
of a subsequent aldosterone suppression test

= There are several subtypes of primary
aldosteronism—nbilateral idiopathic hyperplasia
and aldosterone-producing adenoma are the most
common

= Determination of subtype is essential to direct
therapy

= Surgical (e.g. laparoscopic adrenalectomy) and
pharmacological (e.g. mineralocorticoid receptor
antagonists) interventions are commonly used
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