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INTRODUCTION 

The clinical syndrome of primary aldosteronism was first described 
by Dr. Jerome w. Conn at the presidential address of the 27th 
Annual Meeting of the Central Society for Clinical Research, 
october 29, 1.954 ( l.) • The patient was a 34 year old female who had 
presented with a 7 year history of intermittent spasms, weaknes and 
paralysis of muscles. Her BP 1.70/l.OO, SNa 1.51., SIC 1..6, ScL 1.02, Sco2 
40. She had no peripheral edema. Urinary aldosterone secretion 
rate was markedly increased, 1.04 ~gjday. on surgery she was found 
to have a right adrenal adenoma of 4cm in diameter. Post 
operatively her symtoms resolved, she became normotensive, BP 
1.20/80, serum chemistries normal. 

In the past 35 years major advances have been made in the 
recognition, diagnosis, and treatment of primary 
hyperaldosteronism. 35 years later however, primary 
hyperaldosteronism is still a challanging diagnosis because of its 
low incidence and variable subtypes and pathophysiology, which 
still remains a mystery to many health care providers. 

Primary hyperaldosteronism is a general term used for disorders in 
which chronic aldosterone excess exists independently or semi­
independently of the renin angiotensin system. Estimates of the 
incidence of primary hyperaldosteronism in the hypertensive 
population in this country vary from 0.5% to l..O%. Although it is 
a relatively uncommon disorder, it is an important diagnosis to 
make since most if not all of the patients respond extremely well 
to surgical andjor medical therapy (2-5). 

REGULATION OP ALDOSTERONE SECRETION 

Aldosterone is the major mineralocorticoid in humans and is 
produced exclusively in the zona glomerulosa of the adrenal cortex. 
Although it does bind weakly to albumin, aldosterone circulates 
primarily as a free moiety. Aldosterone is metabolized rapidly by 
the liver and is excreted as tetrahydroaldosterone. A small 
portion is metabolized in the kidney and excreted in the urine as 
aldosterone 1.8-glucoronide. 
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Aldosterone secretion is regulated by three- well 
stimulator which are a) the renin-angiotensin 
adrenocorticotropic hormone (ACTH), and c) potassium 

established 
system, b) 
(K) 

+ effective blood volume 

• blood l)r8SIIn r' tt .bloodflectivepr~ ... YOiume I I + [NaCI] and [K+]at dislal tubule • u- . 
~ t prostaglandins 

.E.@ ·--:: ~?@ ___ ......;0:;_ ___ __, 

apparatus Angiotensinogen l uc:retion Angiotensin I 
(ntnln subtlrale) ------

1 Angiotensin converting enzyme 
Aldosterone-stimulating (pulmonaty vascular bed) 

factor 

' -.,, 0 0 / Angiotensin II 

Adrenocortico' 
0 

............ ,!'_ l Aminopeptidase 

' ~Angiotensin Ill 

-~--:·1riunlllc-.-. ... Aldosterone 

Regulation of aldosterone secretion. Plus and minus signs indicate stimulation 
and inhibition, respectively. 
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In recent years several additional hormonal factors have also been 
identified which either stimulate or inhibit aldosterone secretion. 

STIXUI.ATORS AHD IIIIIIBI:TORS 01' ALDOSTBROBB SBCRBTIOH 

STIKULATORS 

Renin-Angiotensin system 
Adrenocorticotropic hormone 

Potassium 
Pituitary factors: POMC peptides, ASF 

Endothelin 
Serotonin 

INIIIBITORS 

Dopamine 
Atrial natriuretic hormone 

Somatostatin 

Renin-Anqiotension system: 

Angiotensin II is the most important stimulator of aldosterone 
production and secretion. There is a close correlation between 
plasma Ali concentration and plasma aldosterone concentration. 
Infusion of A-II in vivo or incubation of adrenal cells with Ali 
in vitro increases aldosterone production and secretion. Ali 
stimulates both the early and late phases of aldosterone 
biosynthesis. The early-phase stimulation is a calcium and protein 
kinase C-dependent process 
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ANGIOTENSIN D CONCENTRATION (M) 
Angiotensin II dose-response curves for aldosterone production 

by rat zona ,Iomeruloaa oella at differinl c:alcium concentrations. Cells 
prepared in media containing no calcium (...._....), 0.2 mM calcium 
(~- -~). 0.5 mM calcium • · · .8), or 1.2 mM calcium ~- • - •) were 
incubated with angiotensin II at the concentrations indicated. 
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ACTB: 

ACTH is also an important stimulator of aldosterone production. 
ACTH stimulates the early phases of steroidogenesis, specifically, 
the conversion of cholesterol to pregnenolone. Acute infusion of 
physiologic amounts of ACTH in humans causes pronounced and rapid 
stimulation of aldosterone secretion. In vitro, secretion of 
aldosterone from isolated adrenal cells is also vigorously 
stimulated by ACTH. cyclic AMP functions as a second messenger, 
but calcium is also required for the optimal ACTH response. ( 
6-8). 
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ACTH dose-response curves for aldosterone and cAMP pro­
duction by rat zona glomerulosa cells at differing extracellular calcium 
concentrations. Rat zona glomerulosa cells prepared in media contain­
ing no calcium (._...) , 0.1 m."ot calcium (A- - A), 0.4 m."ot calcium 
(II- _.), or 1.2 mM calcium(~---~) were incubated with ACTH at 
the concentrations indicated. 

In contrast to acute administration of ACTH, prolonged 
administration of ACTH, even in low doses, has a biphasic effect. 
After a short period of stimulation, aldosterone secretion 
decreases to baseline. This phenomenon is known as the aldosterone 
escape from ACTH. The aldosterone response to ACTH is modulated 
by the activity of the renin-angiotensin system. Activation of the 
renin-angiotensin system however, is able to adelay, but not 
supress the changes induced i n the zona glomerulos by prolonged 
ACTH stimulation (10-11). 
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Further evidence that chronic regulation of aldosterone secretion 
does not depend on ACTH is that hypophysectomized animals and ACTH­
deficient humans have normal levels of circulatinq aldosterone c 

POTASSXUJI: 

Xn vivo, even small chanqes in plasma potassium (K) concentration 
~lters aldosterone levels siqnificantly. A h~qh K diet increases 
and a low K diet decreases the responsiveness of aldosterone to 
AII. Also the stimulation of aldosterone secretion by K is 
enhanced by AII and is attenuated by previously administered 
convertinq enzyme inhibitors. Exposure of adrenal cells to 
increasinq concentration of K in vitro also causes a pronounced 
increase in aldosterone secretion. K stimulates both the early and 
the late steroid metabolic pathways and the early- phase 
stimulation is calcium dependent (6-7) • 
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POTASSIUM CONCENTRATION (mM) 
Aldosterone production by dog zona glomerulose cells in re­

sponse to potassium as a function of extracellular calcium concentra­
tion. Cells prepared in media containing 0.2 mM calcium (....__.), 0.5 
mM calcium(&--&), or 1.2 mM calcium (T- -T) were incubated with 
potassium chloride at the concentrations indicated. 
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Pituitary Pactor: 

Several lines of evidence suggest that a pituitary factor other 
than ACTH may be also involved in aldosterone secretion. In recent 
years several pituitary hormones mostly derived from the large 
precursor molecule pro-opiomelanocortin {POMC) have been shown to 
stimulate aldosterone secretion. These include .8-Endorphin, .8-LPH, 
g-MSH, and a-MSH (13-14). 

Another pituitary factor is aldosterone-stimulating factor (ASF). 
ASF is a glycoprotein with a molecular weight of 26,000. ASF 
stimulates aldosterone secretion by a non-cyclic AMP dependent 
mechanism, and ASF-stimulated aldosterone secretion is not blocked 
by specific competitive antagonists of ACTH or AII. To date, 
experimental evidence suggests that the source of ASF is the 
anterior pituitary gland and that the adrenal cortex is the target 
organ for its biological activity. Basal plasma and urinary ASF 
is elevated in patients with idiopathic hyperaldosteronism. 
Circulating ASF does not change with upright posture in normal 
subjects, but increases in parallel with aldosterone in idiopathic 
hyperaldosteronism. Plasma and urinary ASF do not suppress with 
dexamethasone in patients with idiopathic hyperaldosteronism {15-
_17). 
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Individual Concentrations of Plasma Renin Activity, Aldosterone, and Aldo­
sterone-Stimulating Factor in Patients with Idiopathic Hyperaldosteronism (N = 7), at 
8:00a.m., after Having Been in the Supine Position Overnight, and at 12:00 Noon, 

after Four Hours of Upright Posture. 

URINARY 
ALDOSTERONE 
STIMULATING 
FACTOR 
n;/24 h 

The ranges of values in 15 normal control subjects under the same conditions are 
depicted by the rectangular boxes. P values indicate differences between the supine 

and upright position in patients with idiopathic hyperaldosteronism. 

NORMAL CONTROL DAY 1 DAY 2 
DEXAMETHASONE 

0.5 MG 0 6H 

IDIOPATHIC 
HYPERALDOSTERONISM 

Urinary Excretion of Aldosterone-Stimulating Factor 
(Mean :1 S.E.) in Normal Subjects and Patients with Idiopathic 

Hyperaldosteronism. 
Normal values and control values in patients with idiopathic 
hyperaldosteronism were determined during free ambulation 
without medications. After control values had been measured 
in the patients with idiopathic hyperaldosteronism, urine col· 
lections were continued for 48 hours during dexamethasone 

administration. 
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Endothelin: 

Endothelin, a recently described endothelium-dependent contracting 
factor, when given intravenously to anesthetized or conscious dogs 
has been shown to cause an increase in plasma aldosterone. A 
recent study in calf zona glomerulosa cells in culture has shown 
that endothelin, like AII, binds to the adrenal cells and 
stimulates aldosterone secretion (19). 

Dopamine: 

3 
.c 
~ 

1 2 
Q 
c 
tl c 
0 .. s ., 
0 
'a c 

0 

Control A·ll ·10 ·10 ·9 

Endolhelln [Log Molar] 

Stimulation by angiotensin II, ET-1 and ET-3 ofaldoste· 
rone secretion by calf zona glomerulosa cells in culture. A represen­
tative experi.ment is shown (n • 3). Each point is the mean±SEM of 
four wells. The increase of aldosterone secretion was significant 
(P < 0.05) with all doses. 

Several studies in humans show that metoclopramide, a competitive 
antagonist of dopamine in the central nervous system and the 
periphery, increases plasma aldosterone concentrations in normal 
humans without a concomitant increase in plasma renin activity or 
plasma cortisol concentrations. Administration of dopamine 
abolishes metoclopromide stimulation in vitro and in vivo (20). 
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Dopamine modulates the response of aldosterone secretion to AII, 
as a function of dietary Na intake. During a low Na diet, dopamine 
reduces the slope of the Ali-aldosterone dose response curve to 
that seen during a high Na diet Dopamine also inhibits basal plasma 
aldosterone levels in patients with primary aldosteronism, but 
does not blunt the subsequent increase in plasma aldosterone in 
response to ACTH administration (17-21). 

Atrial Ratriuretic Boraone: 

In addition to its potent diuretic, natriurtic, and vasorelaxant 
activity, ANH also has a prominent suppressive, effect on 
aldosterone secretion both in vivo, and in vitro in isolated 
glomerulose cells. Postulated intracellular mechanisms include an 
increase in cyclic GMP, a decrease in cyclic AMP, and an inhibition 
of calcium influx (22-25). 

ACTH 10
8
M 

10' 10~ ui' 0 l(j' 108 10' 

10 

Angiciensin II IO'M 

* P<0.05 ** P<O.OI 
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Effect of ahANP on aldosterone secretion from cultured hu­
man adrenal cells. Various amounts of ahANP were added to triplicate 
cell culture dishes stimulated for 3 h with 10-8 M ACTH or 10-7 M All. 
Each bar represents the mean ± so of triplicate dishes. P < 0.05, group 
without ahANP (left) us. ACTH treatment group (center) or All 
treatment group (right). 

In patients with primary hyperaldosteronism there is a close 
correlation between plasma aldosterone and plasma ANH levels. In 
addition, following exogenous minerolocorticord administration in 
the rat there is a prompt increase in ANH synthesis and plasma 
levels, which closely parallel the renal escape from 
mineralocorticoid effects. A physiologic role for ANH is further 
supported by the fact that infusion of low doses of ANH to subjects 
with primary aldosteronism causes a significant natriuresis. 
Finally, following adrenal surgery in subjects with primary 
aldosteronism there is a decline in plasma ANH levels. The 
evidence therefore suggests that in addition to this inhibitory 
effect on aldosterone production, ANH may also play an important 
role in the aldosterone escape phenomenon (26-31). 
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THE EFFECTS OF ALDOSTERONE ON RENAL TUBULAR SODIUM, POTASSIUM, AND 
HYDROGEN ION TRANSPORT. 

The effects of aldosterone on renal tubular ion transport has 
recently been discussed in detail in the Southwestern Medical Grand 
Rounds by Dr. Robert J. Alpern (April 13, 1989) and Dr. Steven R. 
Hays (August 4, 1989). The net effect of aldosterone is to enhance 
Na reabsorption and K+ and H+ secretion, which results in the 
extracellular fluid volume eJq>ansion, hypokalemia and metabolic 
alkalosis in patients with primary aldosteronism. In addition to 
the well established effects of aldosterone on the cortical and 
medullary collecting tubule, (32-33) recent studies have shown that 
aldosterone also modulates Na reabsorption in the medullary thick 
ascending limb of Henle, probably by stimulating luminal Na• 
transport and basolateral membrane Na, K-ATPase activity (43-37). 

Although aldosterone mediated increase in renal tubular Na+ 
transport results in ECFV expansion, edema is not a common feature 
in patients with primary aldosteronism. When normal individuals 
are given mineralocorticoids, Na retention ensues with demonstrable 
weight gain. However, when mineralocorticoid administration is 
continued over several days, Na balance is restored, no further 
weight gain occurs, and the amount of urinary Na excreted 
approaches intake. The phenomenon has been termed 
MINERALOCORTICOID ESCAPE, because the kidney escapes from the Na­
retaining effect of the hormone. During mineralocorticoid escape 
excessive urinary K+ and H+ excretion however continue. 

Male, age 29 . 
Bil1teral adrenalectomy 
Dexamethasone, 0.25 mv/6 h 
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The mechanism by which mineralocorticoid escape occurs remains 
unresolved and controversial. The signal for escape appears to be 
ECFV expansion. However, the mechanism by which the expansion is 
translated into altered renal sodium handling is still 
controversial. The proposed mechanisms include a) hemodynamic and 
physical factors, b) suppression of angiotensin II production, c) 
decreased sympathetic nervous system activity, d) increased 
prostaglandin activity, e) increased atrial natriuretic hormone 
activity, and f) increased dopamine activity. An additional 
mechanism which has been proposed is that mineralocorticoid excess 
produces down-regulation of mineralocorticoid receptors, which, in 
turn, may contribute to the genesis of the ALDO ESCAPE phenomenon. 
In fact, the number of aldo-binding sites in the mononuclear 
leukocytes of subjects with primary aldosteronism has been found 
to be significantly reduced (38) • 
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THE PATBOGENESXS OP MXNERALOCORTICOXD HYPERTENSION. 

In spite of extensive research efforts the pathogenesis of 
mineralocorticoid hypertension, like that of mineralocorticoid 
escape, remains unresolved (39-41). The hypertension initially 
results from a series of hemodynamic alterations including early 
expansion of intravascular blood volume and increased cardiac 
output. The total peripheral vascular resistance increses and 
plasma volume and cardiac output fall to near normal levels. 

In the deoxycorticosterone acetate (DOCA)-salt hypertensive rat, 
an experimental model of mineralocorticoid hypertension, the 
increases in arterial blood pressure and peripheral vascular 
resistance are caused by enhanced vasoconstrictive and impaired 
vasodilator response to vasoactive hormone and substances. 

In the DOCA-salt hypertensive pig, relativeneorepinephrine andjor 
norepinephrine and angiotensin II sensitivity, defined as amount 
of neorepinephrine andjor norepinephrine and angiotensin II 
required to increased mean arterial pressure by 20mmHg, is markedly 
increased which indicates enhanced vasoconstrictive response to 
norephinephrine and AII (42). 
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Syst~mic reacti~·ity in DOCA 
hypertension; comparison between pr~­

DOCA norepinephrine response curves 
and curves obtained at two inten·als after 
DOCA implantation. A = 1 week post­
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betwun pre- and post-DOCA results. CO 

. and TPR are expressed in arbitrary units 
(mm pen deflection/kg and mm Hg/mm 
pen deflection per kg x 102

, respectively) . 

.10 

· - - Systemic reactivity in DOCA 
hypertension; comparison between pre­
DOCA angiotensin response curves and 
cun•es obtained at 1wo intervals after 
DOCA implantation. A .. 1 week post­
DOCA (n c 9); 8 = 1 month post­
DOCA (n c 6). Data are expressed as 
mean change :t S£. 1 A and 18 = !:;. MAP; 
2A and 28 = !:;. TPR; 3A and 38 c t:;. 

CO. Paired t-analysis was carried out to 
determine the significances of the differ­
ences bet~<·een pre· and post·DOCA re­
sults. CO and TPR are expressed in arbi· 
trary units (mm pen deflection/kg and mm 
Hglmm pen deflection per kg x 102 , 

respectively) . 
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In femoral artery strips isolated from control and DOCA-sal t 
hypertensive rats, the in vitro active tension development in 
response to KCL and Norepinephrine is markedly enhanced, whereas 
the relaxation in response to isoproterenol and sodium nitrate 
following KCL contraction is markedly impaired (43-45). 
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KCI(mM) 

Dos~-r~spons~ r~lationship b~twun conc~ntra­

tion of KCI and d~v~/opm~nt of activ~ unsion by rings of !~m­
oral art~ry from control and DOCA-salt hyp~rt~nsive rats in 
~ither normal (2 .5 mM) or low (0.25 mM) calcium Krebs phys­
iological solution. Each point r~presents th~ mean ± SE of 12 
rings. Single ast~risks indicate DOCA-salt significantly dijfer­
~ntfrom control (p<0.05). Doubl~ ast~risks indicate control 
:-espons~ in low calcium significantly different from control 
uspons~ in normal calcium (p < 0.05 ). Triple asurisks indicate 
DOCA-salt ;espons~ in low calcium significantly differ~nt from 
DOCA-salt r~spons~ in normal calcium (p<0.05). 
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...:;,- Dos~-respons~ relationship betwun concentra­
tion of isoproter~nol (ISO) and perunt chang~ from KCl con­
traction of rings of femoral art~ry from control and DOCA-salt 
hyp~rtensY,e rats in either normal (2.5 mM) or low (0.25 mM) 
calcium Krebs physiological solution. Each point r~presents the 
m~an ± SE of 12 rings. Symbolsfor statistical significanu are 
th~ sam~ a:rthuse in Figur~ 2. 
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Dos~-r~sponse relationship between concentra­
tion of nor~pinephrine (NE) and del•elopm~nt of active tension 
by rings off~mora/ artery from control and DOCA-salt hyper­
tensiv~ rats in eith~r normal (2.5 mM) or low (0.25 mM) cal­
cium Kr~bs physiological solution. Each point represents the 
m~an ± SE of 12 rings. Symbols for statistical significance are 
:ht same> as :hos~ in Figu;e 2. 

Dos~-r~spon.re r~lationship between concentra­
tion of NaN02 and p~rc~nt r~/axation of rings of femoral arlt!ry 
from mntrol and DOCA-salt hypertensiv~ rats following KCI 
contraction in ~ither normal (2 .5 mM) or low (0.25 mM) cal­
dum Krebs physiological solution. Each point represents th~ 
mean± SE of 12 rings. Symbols/or statistical significance are 
the same as rhos~ in Figuu 2. 
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It is not clear whether the mineralocorticoid or the positive 
sodium balance per se or both mediate the increase in vascular­
activity to vasoconstrictive hormones. In isolated rings of rabbit 
thoracic aorta the presence of aldosterone has been shown to both 
increase vascular contraction and also to impair the relaxation of 
norepinephrine-contracted blood vessels (46) • 

~."' 

_ ~_-, ' Contractions caused by aldosterone in J 
sels previously contracted to a steady-state of 1~ 
3.5 g with NE. Data are expressed as mean ± SEMj 
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4 • 1) 20 30 -
.,. Aelaution of NE.-contracted vn.scl1 after immenion in oil, in the prnenct of e1hanol diluenl (o), 

10 ~\/(a). 30 JI.'I ( •) and 100 }Jtf (&) aldoaterone. Dara arc expreued as mean ~ SEM percent rduation (n ... 
1-10). 

On the other hand, long-term sodium chloride infusion in the dog, 
which in itself does not alter blood pressure, also increases the 
blood pressure response to otherwise subpressor amounts of 
angiotensin. The pressor response to angiotensin II occurs as a 
function of the sodium chloride infusion rate, indicating that the 
positive sodium balance perse is also an important regulator of 
vascular reactivity (47). 
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In addition to the roles of mineralocorticoid and sodium balance, 
other additional factors such as the negative potassium, calcium, 
and magnesium balance, and the increase in circulating factor with 
ou-bain-like immunoreactivity may also play a role in the 
pathogenesis of mineralocorticoid hypertension (49). 
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SUBTYPES OF PRIMARY HYPERALDOSTERONISM 

ALDOSTERONE- PRODUCING ADENOMA (APA) 

Unilateral APA are the most frequently diagnosed cause of primary 
aldosteronism in adultss Production of aldosterone in APA is only 
partly autonomous. Aldosterone no longer responds to angiotensin 
II, but aldosterone still responds to changes in ACTH levels, and 
plasma aldosterone concentration in APA still exhibits a circadian 
rhythm parallel to that of ACTH levels (50-52). 

Aldosterone-Producing Idiopathic 
Adenoma Hyperaldosteronism 

120 120 
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Mnrt•• Minutes 

Effect of angiotensin II on plasma aldosterone concentrations 
ir~ ~ patients with aldosterone-producing adenoma and 9 patients with 
Jd:· •Pathic hyperaldosteroniam. Rance of aldosterone concentrations in 
13 normalaubjec:ta ia lbown by the hatched ar~a. 
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1'!',~ median increase over base line of plasma 
~doster<J J ~ .· lAP A) is plotted against the log of the ACTH 
infusion rate. The data from the 4 patients with an ad­
llloma who did not have 12.5 and 25 miU infusions are 
:;:e.n~ separa.tely with ~ small x. The P values indicate 

. llgnificant difference m the response of the patients 
"'th 10 .Jd te . fro th . . . . • os rorusm m e control subJects on a 
llmilar diet. 

Cells found in the adenoma resemble cells from all three cortical 
layers. There are also hybrid cells that exhibit features of both 
glomerulosa and fasciculate cells. The adenoma is usually single, 
less than 3cm in size. The mean diameter of the adenoma in 143 
surgically treated patients with APA at the Mayo Clinic was 1.8cm, 
and 19 percent were smaller than 1cm in diameter (4). 
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XDXOPATHXC BYPERALDOSTERONXSM (XBA) 

Bilateral IHA is the second most commonly diagnosed form of primary 
aldosteronism in adults and the most common form in children. 
Hyperplasia of the zona glomerulosa is found with or without 
microscopic and macroscopic nodules. In contrast to patients with 
APA, in patients with IHA the plasma aldosterone concentration does 
not parallel the circadian rhythm of the ACTH concentration. 
Intravenous infusion of angiotensin II however produces exaggerated 
aldosterone secretion in patients with IHA compared with normal 
subjects and patients with APA (51,53) . 
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Idiopathic 
Hyperaldosteronism 
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Angiotensin II 
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Mlnulu 

.. == .: Effect of angiotensin II on 
plasma aldosterone in 5 patients 
with idiopathic hyperaldosteron­
ism and 13 normal subjects. An­
Jiotensin II was infused after 2 
daya of supplemental sodium and 
deumethaaone and 2 h of supine 
posture. 

The hyperplasia associated with bilateral IHA is most likely due 
to an extra-adrenal stimulatus or an amplifier of angiotensin II 
effect. Several substances have been proposed as adrenal 
stimulators or amplifiers of angiotensin II. Levels of several 
POMC peptide, including g-MSH and S-endorphin may be elevated in 
IHA -ASF is also found to be elevated. The serotonin antagonist 
cyproheptadine suppresses aldosterone in IHA, suggesting possible 
involvement of a serotonin-mediated aldosterone stimulator in this 
condition. One patient with IHA had hyperplasia of the 
intermediate lobe of the pituitary, further strengthening the 
argument that an unidentified pituitary hormone is an etiologic 
factor in IHA. 
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PRIMARY ADRENAL HYPERPLASIA (PAll) 

PAH is a disorder associated· with bilateral adrenal hyperplasi a, 
but in terms of hormonal studies it resembles APA (55). In a 
recent series of 150 patients with primary aldosteronism at San 
Francisco General Hospital Medical center 5 subjects were diagnosed 
with PAH (68) . As will be discussed in more detail later, these 
patients respond very well to unilateral or bilateral subtotal 
adrenalectomy. 

ALDOSTERONE PRODUCING - RENIN RESPONSIVE ADENOMA (AP-RRA) 

AP-RRA mimics APA morphologically, but in terms of hormonal studies 
it resembles IHA (68). In a recent series of 150 patients with 
primary aldosteronism at San Francisco General Hospital Medical 
Center 4 subjects were diagnosed with AP-RRA (68). As will be 
discussed in more detail later, these patients response very well 
to unilateral adrenalectomy. 

ALDOSTERONE PRODUCING ADRENOCORTICAL CARCINOMA 

Aldosterone producing adrenocortical carcinoma is a very rare cause 
of primary aldosteronism. Although these malignancies may secret 
only aldosterone, more often they are associated with concomitant 
aldosterone precursor, glucocorticoid, or sex steroid excess. The 
biochemical abnormalities in these patients are usually severe and 
patients may present with severe hypertension and hypokalemia. 
Aldosterone levels are very high and visually do not respond to 
ACTH (57-58). 

The best single diagnostic criterion is the size of the tumor. 
Most aldosterone- secreting adrenal carcinomas are very large, 
greater than 3cmm, and there may also be presence of metastases. 

In addition to adrenocortical tumors, some ovarian tumors have also 
been reported to secret aldosterone • 
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GLUCOCORTICOID-SUPPRESSIBLE HYPBRALDOSTBROHISK (GSBA) 

GSHA was first described in 1964 by Sutherland et al in a father 
and son with hypertension, increased aldosterone secretion and low 
plasma renin activity, which all responded to dexamethasone 
treatment (59). Since then more than 60 cases has been described. 
Genetic studies show no HLA linkage and suggest to an autosomal 
dominant mode of inheritance. Biochemically GSHA can be 
differentiated from IAH since aldosterone does not respond to 
upright posture, to angiotensin II infusion, and to angiotensin 
converting enzyme inhibitor. In contrast, morphologically GSHA is 
similar to IAH, since the adrenal glands from patients who have 
undergone operation revealed macronodular and micronodular 
hyperplasia . GSHA however is differentiated from IAH and APA by 
hyperresponsiveness of aldosterone secretion to acute ACTH 
administration as well as by the failure of aldosterone secretion 
to escape from prolonged ACTH stimulation(60-61). 
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captopril test the patients were evaluated at c 

10:00 AM maintaining a comfortably sitting 
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study [46]. Data for JAH and APA are expressed 
was mean ± SEM; comparison between values 
was made using the unpaired t-tcst 
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· . Plasma aldosterone response to angiotensin II infusion 
in three siblings with DSH. [Asp 1-Val'] angiotensin (Hyperten­
sin, Ciba-Geigy) was infused at the rate of 0.5, 1.0, 2.0, 4.0 ng/ 
kg/min in four consecutive 30-min periods, followed by another 
period of saline [8] 

---'- Plasma aldosterone change from basal values 60 min 
aft~ the administration of ACTH 1-24 (Synacthen, Ciba­
G~gy} 0.25 mg as a bolus i.v. in normal subjects and in patients 
wuh IAH, APA, and DSH. Injection· was performed at 9:00 
AM after the subjects has been comfortably seated for 30 min 
[8]. For statistical analysis see the legend of Fig. 1 
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The final diagnosis of GSHA rests upon prompt reversal of the 
features of mineralocorticoid excess by glucocorticoid therapy. 
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.: _ __ . Effect or dexamethasone (Dex) treatment on blood pres-
sure, serum K, PRA. plasma and urinary aldosterone (ALDO) 
in a typical case or DSH (8] 

The studies on the pathophysiology of GSHA have suggested this 
interesting disorder to be caused by abnormalities of a) pituitary 
(ACTH andjor other aldosterone stimulating pituitary factors) 
and/or b) adrenal gland (new steroid production, including 18-
hydroxycortisol and 18-oxocortisol, by transitional cells having 
either fasciculata-or glomerulosa-like characteristics and capable 
of synthesizing aldosterone, cortisol and the two new steroids 
which result from metabolism of cortisol through the 18-
methyloxidase system). 
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CLINICAL PRESENTATION OP PRIMARY HYPERALDOSTERONISM 

The most important findings in patients with primary aldosteronism 
are hypertension and hypokalemia . In addition, mild metabolic 
alkalosis and mild hypernatremia are also present . Although 
several symptoms may be reported, usually a consequence of chronic 
hypokalemia and metabolic alkalosis, they are nonspecific and do 
not aid with the diagnosis (64-65). 

SYMPTOMS IN 103 PATIENTS WITH PRIMARY 
ALDOSTERONISM 

Female Male 
Patients Patients 

Com-Symptom (Number (Number 
bined and and 

Per c:ent) Per c:ent) 
' 

Mua:le weakness . ..•. . .. 54 (71) 21 (78) 15 (73) 
Polyuria (nocturia) .... .. 53 (7o) 21 (78) 74 (72) 
Headache . ••. . •. . . . . ... . 41 (54) 12 (44) 53 (51) 
Polydipsia ..•....... . . .. 34 (45) 13 (.S) 47 (46) 
P~h~ . . • . .... . ... 23 (3o) 2 ( 7) 25 (24) 
VISUal disturbance .. .. ... 16 (21) 6 (22) 22 (21) 
Intermittent paralysis ... 18 (24) 3(11) 21 (21) 
Tetany ••• •• .. .... ..... . 20 (26) I ( 4) 21 (21) 
Fatigue .•• •.... .. . . . ... 11 (22) 3 (11) 20 (19) 
Muscle discomfort . . .... . 13 (13) 3 (11) 16 (16) 
No symptoms . ... . .. . ... 4 ( 5) 2 ( 7) 6 ( 6) 

. Total . .. . . ... . . . . . . . ·176 (74) 29 (26) 103 

DIAGNOSIS OP PRIMARY HYPERALDOSTERONISM 

The differential diagnosis of hypertension and hypokalemia is 
rather extensive. The wider availability of reliable commercial 
assays for renin and aldosterone has made it possible for accurate 
hormonal confirmation of primary hyperaldosteronism by the 
demonstration of a) nonsupressible urine or plasma aldosterone 
levels, b) low plasma renin activity, and c) normal glucocorticoid 
excretion. 



Differential Diagnosis of Hypertension and Hypokalemia 

Primary hyperJ.ldosteronism 
H yperdeoxycorticosteronism 

DOC-producing adrenal tumors 
Congenital adrenal hyperplasia 

11-hvdroxvlase deficiencv 
17-h~drox~·lase deficienc~· 

Secondary hyp~r.~ldosteronis•~ 
Antihypertensive thempy 
Ethanol abuse and withdrawal 
Coexistent sodium chloride deficiency or loss or hypovolemia 
Renovascular hypertension 
Malignant hypertension 
Pheochromocvtoma 
Cushing's syn.drome· 
Primary hyper-reninism 

Ectopic 
Renin-secreting renal tumor 

Exogenous mineralocorticoid 
High dose cortisol 
Fludrocortisone 
9-alpha-Huoroprednisolone 
Carbenoxolone 
Licorice 
Chewing tobacco 

Other endogenous mineralocorticoids 
18-0H-DOC 
19-Nor-DOC 
Abnormal steroid metabolites&:" 

Liddle's syndrome 
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Prior to performing the hormonal studies it is important to a) 
discontinue medications which are known to interfere with the 
renin-angiotensin-aldosterone axis: spironolactone and estrogens 
for 6 weeks; diuretics, prostaglandin synthetase inhibitors and 
converting enzyme inhibitors for 2 weeks, calcium channel 
antagonists for 1 week; b) correct the hypokalemia which is known 
to inhibit aldosterone secretion; c) control for the sodium and 
volume status, since a low sodium diet may further stimulate renin 
activity and aldosterone secretion. 

Another important criteria which needs to be considered is the age­
related decrease in plasma aldosterone concentration and urinary 
aldosterone secretion rate {66}. The age of the patient needs 
therefore to be taken account to avoid false-negative hormonal 
studies. 
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The diagnostic investigation of primary aldosteronism is divided 
into two distinct series of studies. The first series involves the 
studies necessary to confirm the diagnosis of primary 
aldosteronism. The second series involves studies performed to 
diagnose the subtype of primary aldosteronism, especially to 
distinguish between APA and IHA. 

SALINE XNFUSXON TEST 

The saline infusion test is most helpful in demonstrating that the 
increase in plasma aldosterone concentration andjor urinary 
aldosterone excretion rate is nonsuppressible, i.e. the increase 
in aldosterone is PRIMARY and not secondary due to renin 
stimulation. 

The most optimal way to perform the test is: a) patients should be 
on a 120meq sodium diet for at least 3 days, b) patient should be 
recumbent overnight, c) baseline plasma renin, aldosterone, 18-
hydroxycorticosterone, and cortisol are drawn at 8 a.m. 4) 1250 ml 
of isotonic saline is infused intravenously between 8 a.m. and 10 
a.m., e) plasma renin, aldosterone, 18-hydroxycorticosterone, and 
cortisol are drawn again at the end of the saline infusion, f) if 
there are any cardiovascular contraindications, saline may be 
infused at a slower rate and over a longer period of time. 

In addition to demonstrating the nonsuppressibility of aldosterone 
secretion, the saline infusion test is also helpful in 
distinguishing between APA and IHA (67). 

In patients with APA: a) plasma renin activity is low and there is 
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no further reduction after saline, b) there are significant 
reductions in plasma cortisol (49%), aldosterone (24%), and 18-
hydroxycorticosterone (31%) due to the circadian decrease in ACTH 
at 10 a.m. compared to 8 a.m . 

In patients with IHA: a) plasma renin activity is also low, but 
there is a further reduction after saline, b) there are significant 
reductions in plasma cortisol (40%), aldosterone (44%), and 18-
hydroxycorticosterone (51%). The relatiyely greater reductions in 
aldosterone and 18-hydroxycorticosterone are due to the combined 
effects of the circadian decrease in ACTH and further suppression 
of plasma renin activity. 

REH:IH 
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* IHA 1.67 1.38 
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On the basis of the greater reductions in 18 OR-corticosterone and 
aldosterone in IHA, the 18 OH-corticosteronejcortisol and 
aldosterone/cortisol ratios can be useful in differentiating APA 
from IHA . The 18 OH-corticosteronejcortisol ratio is a better 
discriminating test as a ratio less than 3.0 after saline infusion 
is diagnostic of IHA, whereas a ratio greater than 3.0 after saline 
infusion is compatible with the diagnosis of APA. 
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The 18 OH-corticosteronejcortisol ratio is also helpful in 
investigating patients with PAH, which resemble APA, and AP-RRA, 
which resemble IHA in regulation of aldosterone secretion (68). 

PLASMA 18 OHBiCORTISOL RATIO 
FOLLOWING INTR

1
AVENOUS SALINE 

APA PAH. AP·RRA IHA 

FROM BIGLIERI ET AL, J STEROID BIOCHEM, 1989 
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Postural studies are most helpful in distinguishing APA from IHA. 
It takes advantage of the fact that in APA aldosterone secretion 
is sensitive to changes in ACTH, and IHA aldosterone secretion is 
sensitive to angiotensin II. 

The most optimal way to perform the test is: a) patient should be 
on a 120meq sodium diet for at least 3 days, b) patient should be 
recumbent overnight, c) baseline plasma renin, aldosterone, and 
cortisol are drawn at 8 a.m., d) patient is asked to ambulate for 
4 hours andjor 80mg furosemide is administered orally, e) at 12 
noon plasma renin, aldosterone, and cortisol are drawn again. 

In patients with primary aldosteronism the postural test has been 
very helpful in distinguishing most cases of IHA from APA. In IHA, 
compared to 8 a.m., the 12 noon aldosterone levels are higher due 
to a further stimulation by AII whereas in APA, compared to 8a.m., 
the 12 noon plasma aldosterone levels are lower due to the 
circadian decrease in ACTH level (69-70). 
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In a more recent series of 150 patients with primary aldosteronism 
the postural study has also been useful in investigating patients 
with PAH, which resemble APA, and AP-RRA, which resemble IHA in 
regulation of aldosterone secretion (68). 
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ALDOSTERONE RESPONSE TO SPIRONOLACTONE 

Spironolactone (Aldactone) is a competitive antagonist of the 
mineralocorticoid hormone receptor at the target cell, especially 
in the kidney. In vitro studies show that spironolactone or some 
of its metabolites may also inhibit aldosterone biosynthesis in 
isolated adrenal cells. Spironolactone has been successfully used 
for the medical management of primary and secondary aldosteronism. 
spironolactone corrects the hypertension and hypokalemia ih most 
patients with primary aldosteronism. · 

In a study in 24 patients with primary aldosteronism (15 with APA 
and 9 with IHA) it was found that following spironolactone therapy 
blood pressure decreased, serum potassium and plasma renin activity 
normalized in both APA and IHA patients. In IHA patients there 
were significant increases in plasma aldosterone and 18-
hydroxycorticosterone levels. In APA patients, however, both 
supine and upright plasma aldosterone and 18-hydroxycorticosterone 
levels remained unchanged. This may be due to effect of 
spironolactone to block renin andjor potassium-induced stimulation 
of aldosterone production in APA, since in an APA patients treated 
with amiloride there was an appropiate increase in plasma 
aldosterone concentration (71). 
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This unique response of plasma aldosterone response to 
spironolactone in patients with APA has also been useful in 
differentiating patients with IHA, who have an increase in plasma 
aldosterone, from APA, who have no increase in plasma aldosterone 
(68). Similarly patients with AP-RRA have an increase in plasma 
aldosterone,and patients with PAH have no significant change in 
plasma aldosterone following treatment with spironolactone (68). 
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SERUM 18-BYDROXYCORTXCOSTEROHB LEVELS 

In addition to aldosterone, several precursors of aldosterone 
including deoxycorticosterone (DOC) and 18-hydroxycorticosterone 
(180HB) have also been found to be elevated in some patients with 
primary aldosteronism. A recent study found that 22 of 23 patients 
with APA had 180HB levels greater than lOOngjdl and 9 of 9 patients 
with IHA had plasma levels less than lOOngjdl ( 72 ) • Thus, 
measurement of serum 180HB is also a useful predictor of the 
etiology of primary aldosteronism. 
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ADRENAL SCINTIGRAPHY 

[6B-131 I] iodomethyl-19-norcholesterol (NP-59) scan provides 
correlation of functional and anatomic abnormalities and 1n 
experienced centers has been very useful in differentiating APA 
from IHA (4,73-75). Dexamethasone (lmg, po, q.i.d.) is started· 7 
days before administration of NP- 59 and is continued for 5 days 
after the injection. In addition, Lugol' s solution (3 drops 
b.i . d.) is given starting 2 days before the injection of NP-s9 ·and 
is continued for 2 weeks to block tracer uptake by the thyroid 
gland. During dexamethasone suppression (to suppress NP-59 uptake 
by the normal gland) the NP-59 scan shows a) an asymmetric pattern 
in 48-72 hours in patients with APA whereas b) mild bilateral 
adrenal uptake at 72 - 10 hours in patients with IHA. As the normal 
adrenal cortex has been shown to image 120 hours or later after NP-
59 injection, bilateral uptake seen after this interval is 
considered nondiagnostic. In a recent study the NP-59 scan 
correctly identified 48 of SO subjects with APA and 35 of 37 
subjects with IHA (74). 

Sequential posterior dexa­
methasone suppression adrenal sclntl­
scans In a patient with primary aldoste­
ronism due to bllattHBI adrenal hyperpla­
Sia. A, bllattHBI adr61JBI hyperplasia, Day 
3 after NP-59. Daflnlte ri{IJt ( •rrow) ac­
tivity Is S88n. B, bilateral adrenal hyper­
Plasia (same patlept), Day 4 after NP-59. 
Both adrenals IJ/'8 visualized ( •rrows). 

Sequential posterior dexa­
methasone suppression adrenal scinti­
scans In a patient with primary aldoste­
ronism due to an adrenal adenoma. A, 
right-sided adenoma, Day 3 after NP-59. 
B, right-sided adenoma, Day 5 after NP-
59. Note the breakthrough of the normal 
contralateral adrenal ( •rrow) at this time 
Interval. 



Adlnoma 
(50 Pflllenll) 

Results of Dexa..-hasone Suppression 
NP-59 Scintigraphy In Primary 
Aldosteronism 

llllllttral Adrtnll HJPII1IIalll 
( 37 palltntl) 

Laterallzlng scanning Bilateral visualization (true negative) 
(true positive) (48) (35) (one bilateral nonvlsuallzatlon) 

Nonlaterallzlng scanning Laterallzlng scanning (false 
(false negative) (2) positive) (2) 

Sensitivity of lateral !zing seaMing (true positive/true positive + false 
negative) = 48 of 50 or 96 percent for adenoma detection. 
Specificity of bilateral visualization (true negative/true negative + 
false positive) • 35 of 37 or 95 percent for bilateral hyperplasia 
detection. 
Acetncy (overall) (true positive + true negative/true positive + 
1rue negative + false positive + false negative) = 82 of 87 or 94 
percent tor dlatlnctlon of 8denoma from bilateral adrenal hyper-

plasia. 
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The overall diagnostic accuracy of NP-59 scan in other centers is 
approximately 72%. Since NP-59 requires investigational new drug 
permission, and since the imaging takes 3-5 days, most centers do 
not utilize this diagnostic test. 

ADRENAL CT SCANN:ING 

This imaging technique is very effective in locating APA. With the 
latest generation of CT scanners, microadenomas larger than 0.7cm 
can be accurately localized ( 4, 78,79) • The patient with an adrenal 
was greater than Jcm in diameter should be suspected of having an 
aldosterone-producing adrenocortical carcinoma. Patients with IHA 
have either normal appearing adrenal glands or changes consistent 
with bilateral modular hyperplasia. 

· Adrenal Cf ~ning. A, Normal appearance of adrenal glands. The borders of 
both glands normally are either concave or straight; they never are convex. The right adrenal 
gland (arrow) typically appears linear or V shaped; it is above the upper pole of the right 
kidney, medial to the liver, lateral to the crus of the diaphragm, and posterior to the inferior 
vena cava. The left adrenal gland (arrow) usually appears triangular or Y shaped; it is anterior 
and medial to the upper pole of the left kidney and lateral to the abdominal aorta. B, Scan 
from 64-year-old man who had hypertension for 13 years. Primary aldosteronism was 
confirmed, and preoperative evaluation with adrenal Cf and a posture study suggested a left 
APA. The adenoma was 0.8 em in diameter, and the entire gland weighed 7.1 g. The patient 
has remained normokalemic, but mild persistent hypertension has required single-drug 
therapy. 



~ - Appearance of nodular IHA on adrenal cr scan from 59-year-old woman who 
had hypertension for 19 years. Primary aldosteronism was confirmed. The diagnosis of probable 
IHA was based on: (1) adrenal cr showed bilateral small adrenal nodules (arrows); (2) plasma 
aldosterone levels increased 50 per cent in the posture study (which was validated by a 36 
per cent decrease in serum cortisol level between 0800 and 1200 hours); (3) recumbent 18-
0HB level was 54 ngldl; and (4) bilateral symmetric uptake was seen with dexamethasone­
suppressed iodocholesterol (NP-59) scintigraphy. 
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A word of caution is in order about the use of CT for diagnosis of 
primary aldosteronism. Since 2 to 8% of the population have small 
benign non functioning adenomas, and approximately 0.6 to 1.0% of 
body CT scans detect incidental nonfunctioning adrenal adenomas, 
a) the finding of a mass on adrenal CT in a patient with primary 
aldosteronism is not necessarily diagnostic of APA; results from 
hormonal studies and if available NP-59 scan are needed to confirm 
the diagnosis, b) unless the patient is hypertensive with 
hypokalemic tendency, incidental adrenal adenomas do not need 
further diagnostic evaluation. 

ADRENAL MAGNETIC RESONANCE IMAGING (KRI) 

In this imaging technique the adrenal glands appear as relatively 
homogenous low-intensity structures clearly outlined by the high­
intensity retroperitoneal fat. At the present time MRI provides 
superior tissue contrast and CT superior spatial resolution, and 
the diagnostic accuracy of MRI is the same as adrenal CT (78). 

ADRENAL VENOUS SAMPLING 

Although this is the most definitive of the tests currently 
available to distinguish APA from IHA (4,76), it is a difficult 
technique and requires a skilled and experienced angiographer, and 
is therefore performed when the hormonal studies, NP-59 scan, and 
CT imaging yield conflicting data. 

During the test when both adrenal veins are successfully 
catheterized, aldosterone and cortisol concentrations are measured 
from both adrenal veins as well as the inferior vena cava. 
Administration of ACTH during the test has increased the accuracy 
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since ACTH a) minimizes stress-induced fluctuations in aldosterone 
secretion and b) further stimulates aldosterone production by an 
adenoma (79). Usually, the ratio for ipsilateral to contralateral 
aldosterone to cortisol ratio in patients with APA is grater 10. 

• ·Selective Adrenal Vein Catheterization In a Patient With Primary Aldosteronism 

Sit~ 

Inferior vena cava • . • . . . . . . . • • 
Left adrenal • . • • • . • . . . • • • • . 
Right adrenal . • • . . • • • . . • . . . 
Cosyntropin bolust • . • . . • . . . . 
Right adrenal . . . . . . . . . . . . • . 
Left adrenal • • • . . . • . . . . . . . . 
Inferior vena cava• • .....• ••. . 

•Jnferiorvenacava below adren:~l veins. 

TUM (AM) 

9:08 
9:32 

10:10 
10:18 
10:44 
10:SS 
11:10 

Plasma Plo.sma Plo.sma 
Aldmt~~ Conisol Aldost~TOMI 

("fld/) (1'8/d/) Plo.sma Corriso/ 

26 7.0 3.7 
S7 27.3 2.1 
72 104.0 0.7 

30,700 
119 
12S 

1,710.0 
S40.0 
22.9 

17.9 
0.2 
s.s 

t 250-mg IV bolus of c:osyntropin. · 
Plasma renin activity at9:08 AM was O.lng per ml per hour: serum polaSSium was 3.4 mEq per liter. The catheter remained in 

the right adrenal vein between 10: IOand 10:44 AM. 

In summary, the recommended diagnostic evaluation of a patient 
suspected to have primary aldosteronism includes: 1) hormonal 
studies, including saline infusion and postural response, 2) 
adrenal CT scan andjor NP-59 scan, 3) if above studies yield 
conflicting results, adrenal venous sampling. The accuracy of the 
non invasive tests are each better than 72%, and when the results 
of several tests are combined, they exceed 95%. 

MEDICAL MANAGEMENT OF PRIMARY HYPERALDOSTERONISM 

ALDOSTERONE PRODUCING ADENOMA (APA) 

The best available treatment for APA is surgical removal of the 
adenoma. since the current diagnostic techniques have been very 
successful in providing the precise localization of the adenoma, 
the surgical approach used is a unilateral posterior approach which 
has a very low morbidity and a mortality rate close to zero. 

Following removal of the adenoma approximately 2/3 of the patients 
become normotensive, with a decrease in plasma aldosterone, 
normalization of serum potassium and plasma renin activity. The 
rest usually require antihypertensive medications to normalize 
blood p r essure (80,81) . 
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Older age, longer history of hypertension, and evidence of renal 
damage may predict postoperative persistence of - hypertension. 
However, preoperative response to aldosterone is a most useful 
predictor. In a series of 40 patients with APA who were treated 
with spironolactone, 50mg, p.o. b.i.d. for 10 days, a reduction in 
mean blood pressure of more than 15mmHg from MAP of 137 to 114mmHg 
was observed in 29 of the 30 responders. The remaining one patient 
showed an 11mmHg reduction in mean blood pressure. On the other 
hand, none of the non responders revealed a reduction in mean blood 
pressure of more than 15mmHg (from MAP of 137 to 131mmHg) after 
spironolactone administration(82). 

The recommended preoperative management includes repletion of 
potassium stores using spironolactone, 200 to 600mg per day for 2-
3 weeks. In most cases, this treatment will also prevent 
postoperative hypoaldosteronism due to suppression of the 
contralateral adrenal gland. 

XDXOPATHXC HYPERALDOSTERONXSM (XHA) 

Medical treatment is the only effective treatment for IHA (83). 
Unilateral, subtotal, or total bilateral adrenalectomy results in 
improvement in less than 1/6 of the cases, and often with 
recurrence of the hypertension and hypokalemia in long term follow 
up (80,81). Patients with APA who decline surgery or who for other 
medical reasons are not candidates for surgery, are also treated 
medically. 
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MED:ICAT:IONS USED :IN TREATMENT OP :IRA AND APA 

CURRENT 'l'HERAP:IES 

1. ALDOSTERONE ANTAGONISTS: SPIRONOLACTONE 
2. SODIUM TRANSPORT INHIBITORS: AMILORIDE, TRIAMTERENE 
3. CALCIUM CHANNEL BLOCKERS: VERAPAMIL, NIFEDIPINE 
4. CONvERTING ENZYME INHIBITORS: CAPTORIL, ENALAPRIL 

ALTERNATE 'l'HERAP:IES 

1. STEROID BIOSYNTHESIS INHIBITORS: TRILOSTANE 
2. SEROTONERGIC ANTAGONISTS: CYPROHEPTADINE 
3. DOPAMINE AGONISTS: BROMOCRIPTINE 

POTENT:IAL TBERAP:IES 

1. ATRIAL NATRIURETIC HORMONE AGONISTS 
2. PITUITARY FACTOR INHIBITORS 
3 . OPIOID ANTAGONIST 

The mechanism of action of spironolactone has been discussed 
earlier. In addition to competitive binding to mineralocorticoid 
receptors, and inhibiting several enzymes of steroidogenesis, 
spironolactone also exhibits antiandrogenic activity which accounts 
for most of this side effects. In spite of its potential side 
effects, the medicine is well tolerated, and doses of 100 to 400mg 
daily has been very effective in correcting the hypertension and 
hypokalemia. 

· . - · The response to and side-effects of spironolactone 
treatment in 48 patients with primary aldosteronism 

Features Cases (%) 

Correction of hypokalaemia 46 (95.8) 
Correction of hypertension when 38 (79.2) 
used alone 
Menstrual irregularity 9 (18.8)• 
Gynaecomastia 8 (16.7)t 
Abdominal pain 2 (4.2) 
Maculopapular rash 2 (4.2) 
Bleeding duodenal ulcer 2 (4.2) 
Anorexia 2 (4.2) 

• Percentage of women only. t Percentage of men only. 

Alternatively, amilride and triamterene has also been used 
e ffectively in the treatment of primary aldosteronism (71) . 
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The calcium channel blockers are alterative therapeutic additions 
since they can block aldosterone production in response to AII and 
potassium, and to some extent ACTH, and also block vascular 
response to vasoconstrictors. Intravenous administration of 
verapamil has been shown to a acutely decrease plasma aldosterone 
levels in patients with IHA but not APA (85). 
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· -= · Plasma aldosterone levels in 5 IHA patients after 
Verapami/1 0 mg iv followed by a 0.04 mg I min infusion for two 
h compared with control saline infusion. A significant aldoste· 
rone decrease is observed at 90 and 120 min. 
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Plasma aldosterone levels in 6 APA patients sher 
Verapamil 10 mg iv followed by a 0.04 mg/min for two h 
compared with control saline infusion. No significant varia­
tions of plasma aldosterone were observed after Verapamil 
infusion compared with saline. 
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In two studies in this country, chronic treatment with nifedipine 
was shown to cause significant decreases in blood pressure (162/102 
to 134/85) and plasma aldosterone (46 to 20) , and a significant 
incr ease in plasma potassium (3.0 to 3.7) in patients with IHA and 
APA (86,87). 

Supine afternoon plasma aldo· 
sterone before (0 min) and 120 and 240 
min after nifedipine administration (20 
mg, sublingually) in five IHA patients 
with five AP A patients. e, Individual 
patients. Bars represent mean plasma 
aldosterone levels for each group of PA 
patients. The decrease in plasma aldo­
aterone (ALDO) was significant in both 
IHA and APA patients. 
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- Effect of 4 weeks of nifedipine therapy on morning supine plasma aldosterone, potassium, and blood pressure in si:a: subjects with p A 

Plasma aldosterone Potassium Blood pressure Patient (ng/dl) 
classification 

(meq/liter) (mmHg) 

Baseline 4 weeks• Baseiine 4 weeks Baseline 4 weeks 
IHA 58 32 3.1 3.5 170/110 150/88 IHA 29 18 3.0 4.0 144/92 122/80 IHA 28 9 3.3 3.7 136/92 118/82 IHA 33 24 3.2 3.8 185/108 140/92 APA 75 21 2.6 3.5 188/112 142/88 APA 64 17 3.0 3.7 150/96 132/80 

Mean± SE 46±8 20± 3 3.0 ± 0.1 3.7 ± 0.1 162 ± 9/102 ± 4 134 ± 5/85 ± 2 
I 

PI< O.Ql I I 
P<0.02 P< 0.01 

P< 0.001 
• Values at 4 weeks represent the mean of pooled results from 3 and 4 week visits. 

However in a study in Europe nitrendipine had no significant 
effects on plasma aldosterone and potassium, and only a minor 
effect on blood pressure ( 88) • Nevertheless calcium channel 
blockers promise to be a useful adjunct therapy to spironolactone 
andjor amiloride. 

Converting enzyme inhibitors are ideal for treatment of patients 
with IHA since IHA patients show enhanced sensitivity to AII. In 
fact in a report of 3 patients with IHA enalapril improved the 
hypertension, plasma aldosterone and serum potassium (89). 



Trilostane, a competitive inhibitor of the 3 B-hydroxysteroid 
dehydrogenase enzyme system responsible for one of the early stages 
of steroidogenesis, has been successfully used to treat 9 patients 
with APA and 9 patients with IHA, with improvement in blood 
pressure, serum potassium and plasma aldosterone (90). 

Supine plasma aldoSI~rone (PAl 
and supine plasma renin activity (PRA). 
plasma cortisol (PC), senam potauium (K •) 
and blood prnstlre (systol.ldiastol.) durin& 
trilouane administration in 9 patients with 
unilateral adenoma (~) and in 9 p3-

tients with bilateral hy~rplasia (o--~). 

Mean Vatu~ and sland:l.rd devialions :arc 
indic:nrd. 

)()() 

PRIMARY ADRENAL HYPERPLASIA (PAH) 

,_ ·w _;,;,;;.. 
r-"1..,_"' .... 

-· 

The recommended treatment is unilateral or subtotal adrenalectomy. 

ALDOSTERONE PRODUCING - RENIN RESPONSIVE ADENOMA 

The recommended treatment is unilateral or subtotal adrenalectomy. 

ALDOSTERONE - PRODUCING ADRENOCORTICAL CARCINOMA (APC) 

The recommended treatment is surgical resection, when possible, and 
when needed chemotherapy with o,p'-DDD (mitotane). 

GLUCOCORTICOID SUPPRESSIBLE HYPERALDOSTERONISM 

The recommended treatment is low dose dexamethasone (0.5 to l.Omg 
per day) and also of necessary any of the medications used to treat 
patients with IHA. 

38 
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