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ABSTRACT

In this article, we describe the clinical picture and
follow-up of two children diagnosed as suffering from
pseudohypoaldosteronism when they were infants, and
it was later recognized as isolated aldosterone deficiency
in both. We illustrate the clinical differences between
the two patients in terms of hydroelectrolytic balance,
laboratory data and growth. In fact, while the growth
and hematological parameters of the electrolytes and
acid-base balance were normal in the first patient,
and also without treatment with fludrocortisone
thanks to very high renin activity, in the second
patient, this treatment was vitally necessary to maintain
normal growth and biochemical data. Despite the
absence of a molecular analysis which could have
confirmed this diagnosis, we believe that the des-
cription of the clinical evolution of these two cases
from the moment of the incorrect diagnosis until the
correct diagnosis and action taken, could be useful to
highlight the extreme clinical variability of this rare
disease.
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1. INTRODUCTION

Aldosterone is a key hormone which, through its effects
on the Na-K ATPase pump of the distal convolute tu-
bules, regulates electrolyte excretion and intravascular
volume. Aldosterone expression is finely regulated
through its classical pathway by the renin-angiotensin
system. Renin is a proteolytic enzyme secreted by the
juxtaglomerular apparatus of the nephron in response to
various stimuli, such as f-adrenergic activity, low blood
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pressure, sodium depletion, and above all, the decrease in
intravascular volume, which cleaves angiotensinogen to
angiotensin L.

This is converted by the ACE (angiotensin-converting
enzyme) into angiotensin II that binds to specific
receptors of the cells of adrenal Zona glomerulosa, the
site of aldosterone synthesis [1] (Figure 1).

Aldosterone synthesis deficiency may result from
chronic primary adrenal insufficiency (Addison’s disease)
due to adrenal cortex injury after an infection, an
autoimmune process, adrenal hemorrhage or infarction.
However, it can also result from a genetic disorder
involving the entire gland (such as congenital adrenal
hypoplasia or X-linked adrenoleukodystrophy) or genetic
disorders affecting converting enzymes that play a key
role in aldosterone biosynthesis, such as the 21-
hydroxylase deficiency and the 3f-hydroxysteroid dehy-
drogenase deficiency. Generally these conditions are
associated with combined deficits of gluco- and mineral-
corticoid biosynthesis [2,3].

Very few patients have aldosterone deficiency associated
with entirely normal cortisol and sex steroid synthesis:
indeed, this is a clinical condition called “isolated hy-
poaldosteronism”, an inherited autosomal recessive
disorder of terminal aldosterone synthesis, which leads to
selective aldosterone deficiency. The prevalence of this
rare disease is unknown, as well as its mortality, and

ACE: angiotensin-converting enzyme

SD: standrad deviations

PHA: pseudohypoaldosteronism

MR: renal mineral corticoid receptors

ENaC: epithelial sodium channel

AS: aldosterone synthase

CMO I: corticosterone methyloxidase deficiency type 1
CMO II: corticosterone methyloxidase deficiency type 2
FHHAZ2: familial hyperreninemic hypoaldosteronism type 2

Figure 1. List of the abbreviations used in the text.
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it is possible that cases of sudden death could be
attributed to acute electrolyte disorders consequent to the

disease if not diagnosed and treated, especially in infancy.

On the other hand, the prognosis of the patients correctly
diagnosed and treated to prevent electrolyte disorders is
generally good [2,4]. The clinical presentation of the
isolated hypoaldosteronism varies with age. In newborns
and infants it appears as a salt-wasting syndrome, charac-
terized by severe hyponatremia, hyperkalemia, metabolic
acidosis and prerenal azotemia associated with vomiting
and signs of dehydration and hypovolemia such as
generalized hypotonia, hypotension and tachycardia.
Children are usually diagnosed because of failure to
thrive, anorexia, mild dehydration and electrolyte abnor-
malities. Growth retardation may persist throughout
childhood while electrolytes usually were normalized by
4 years of age with a high-sodium diet [S]. For this
reason, it is widely believed that after childhood the
disease does not require any treatment, probably as a
result of multiple factors, including a diet rich in sodium
and a greater ability of the adult kidney to reabsorb
sodium. However, the study of Lovas and colleagues
shows that, in adults affected by the disease, the absence
of treatment was associated with a rise in serum
potassium levels together with asymptomatic orthostatic
hypotension, rendering them potentially vulnerable if
exposed to other stress such as dehydration or limitation
of dietary salt intake [6].

We present 2 observations of the neonatal-wasting
syndrome, the clinical history and follow-up of which are
compatible with a diagnosis of isolated hypoaldostero-
nism.

2. CASE REPORTS

Case 1. Q.M., Caucasian female, was born at 40 weeks
by natural delivery after an uneventful pregnancy. Her
birth weight was 3.400 Kg. She breastfed for 4 months,
followed by weaning with formula milk. From the first
week she had frequent vomiting episodes, manifesting 30
minutes after feeds, and failure to thrive, so she was re-
ferred to our pediatric ward for investigations at the age
of 4.5 months. She was pale and hypohydrated with
normal genitalia; her weight was 4.4 kg (<3°C), while
her birth weight was 3.4 kg (50°C). Blood parameters
revealed moderate renal insufficiency with urea 67 mg/dl
and creatinine 2 mg/dl, severe hyponatremia (Na 120
mEq/L) with hyperkaliemia (K 5.9 mEq/L) and low
chloride plasma concentration (Cl 93 mEq/L), greatly
increased renin activity (>50 ng/ml/h; nv 0.2 - 2.8
ng/ml/h) with normal levels of aldosterone (0.60 nmol/L;
nv 0.10 - 0.80 nmol/L). Plasma 17-OH progesterone and
cortisol levels were normal and excluded a diagnosis of
adrenogenital syndrome. Intravenous infusion of saline
began with a weight gain, improvement of her general
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condition and regular feeding. Despite normal aldoster-
one levels in the presence of a high renin activity, pseu-
dohypoaldosteronism was suspected and the therapy with
oral NaCl supplement started. Two weeks after admis-
sion she was discharged with daily NaCl 60 mEq therapy
with normal plasma sodium and potassium levels, al-
though at the limit of the normal range (Na 132 mEq/L,
K 4.9 mEq/L).

The follow-up was carried out by pediatric endocri-
nologists. The clinical examination was negative. The
serial check of the biochemical parameters showed nor-
mal serum electrolyte levels, so at the age of three years
the NaCl supplements were discontinued. However, a
persistent abnormally elevated renin activity (>50
ng/mL/h) was observed, which was inappropriate for
aldosterone levels in the presence of normal renal func-
tion, suggesting a diagnosis of primary isolated hypoal-
dosteronism. Therefore treatment with fludrocortisone
was proposed. The parents refused because of her regular
and normal growth, healthy condition and the normal
biochemical parameters of acid-base and electrolyte bal-
ance; nevertheless, during follow-up, despite good hy-
dration with normal plasma sodium, potassium and chlo-
ride levels, the renin activity remained persistently very
high (>50 ng/ml/h).

Case 2. F.A., Caucasian female, with intrauterine
growth retardation was born to a toxic-dependant mother.
Her birth weight was 2.250 kg. A few hours after birth
she suffered from tremors and irritability so was
transferred to the Neonatal Intensive Care Unit and
therapy with fenobarbital was introduced. During
recovery she had frequent vomiting, dehydration with
impaired renal function and failure to thrive. The blood
examination revealed hyperkaliemia (K 6.26 mEgq/L),
hyponatriemia (Na 127 mEq/L), a slightly increased
aldosterone level (219 pg/mlL; nv 10 - 160 pg/mIL) with
a greatly increased renin activity (74.2 and a maximum
of 154.8 ng/mL/h; nv 0.2 - 8 ng/mL/h), and with normal
cortisol, 17-OH progesterone and ACTH levels. Trans-
tubular potassium gradient was 1.1 showing low tubular
efficiency in potassium excretion [7]. She was dis-
charged four months later with the diagnosis of pseu-
dohypoaldosteronism type 1 (PHA1) and therapy with
NaCl, bicarbonates and Kayexalate (ion-exchange
resins).

During the follow-up, periodic blood examinations
always revealed normal sodium and potassium con-
centrations with sporadic modest metabolic acidosis. An
attempt at discontinuing therapy at the age of 30 months
was unsuccessful because 12 h later she suffered from
vomiting, weight loss, decreased sodium levels and
increased potassium. The clinical examination was
negative except for hyposomia; despite good metabolic
equilibrium, her growth was seriously impaired and at
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the age of 36 months she was hospitalized in order to
conduct further examinations. Her weight was 10.800 kg
(<=3 S8D), and length 86 cm (<=3 SD), target height
154.5 + 6 cm. The therapy with NaCl (2 mEq/ml 4 times
a day), Kayexalate 1.6 g 4 times a day and NaHCO; (3
mEq 4 times per day) was discontinued and her
biochemical parameters reassessed. Blood tests revealed
hyponatremia (Na 130 mmol/L), normal kalemia (K 4.6
mmol/L), increased urea (55 mg/dl), metabolic acidosis
(pH: 7.25; pCO, 47.9 mmHg; HCO; 18 mmol/L; ABE
- 6.7 mmol/L); a normal-high aldosterone level (0.44
nmol/L, nv 0.020 - 0.44 nmol/L) in the presence of a
very increased renin activity (421 microU/ml; nv 2.8 -
39.9 microU/ml) with normal cortisol, 17-OH-pro-
gesterone and ACTH levels.

As a result of these data, the final diagnosis was
changed to primary isolated ipoaldosteronism and treat-
ment with fludrocortisone administered at a dosage of
0.05 mg twice daily as soon as the previous symptomatic
therapy was discontinued. During the follow-ups, her
biochemical blood parameters moved steadily within the
normal range and catch-up growth occurred, so at the age
of 5, her weight was 16.000 kg (—1.88 SD) and her
length 101 ¢cm (—1.88 SD), according to target height.

3. DISCUSSION

The two infants were suffering from vomiting, failure to
thrive, and dehydratation, all clinical features ascribable
to salt-wasting syndromes. The blood parameters, similar
in both patients, were characterized by hyponatremia,
hyperkaliemia, normal chloride concentration, metabolic
acidosis, and permanently very high renin activity in the
presence of variable serum aldosterone levels, which
were elevated during the episodes of severe dehydration
as can be observed in Case 2, but within the normal
range after recovering the normal hydro-electrolytic bal-
ance. However, the aldosterone serum levels were al-
ways “inappropriate” with respect to the strong renin
stimulus. This clinical and metabolic picture amounts to
a deficiency of aldosterone biosynthesis.

The most common inherited disorder of aldosterone
synthesis that leads to the salt-wasting syndrome is the
“classical form” of congenital adrenal hyperplasia
(adrenogenital syndrome) due to 21-hydroxylase defi-
ciency [8]. These patients cannot efficiently synthesize
cortisol and consequently the adrenal cortex is over-
stimulated by ACTH, overproducing cortisol precursors.
Some of these precursors are diverted to sex hormone
synthesis, causing excessive secretion of adrenal andro-
gens and consequent genitalia virilization in affected
females. Infants with this salt-wasting syndrome may
have signs and symptoms of adrenal insufficiency within
the first 2 weeks of life, due to insufficient aldosterone
synthesis [8]. However, the absence of external abnormal
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genitalia in both our cases and, overall, the normal
17-OH progesterone levels allowed for excluding a
diagnosis of the adrenogenital syndrome.

Another possible cause of the salt-wasting syndrome is
pseudohypoaldosteronism (PHA), a clinical condition in
which failure to thrive, hyperkaliemia and metabolic
acidosis, urinary sodium wasting, hyperreninemia and
very elevated aldosterone levels are the leading clinical
features. The most common form of pseudohypoaldoster-
onism is PHA type 1, which is characterized by normal
adrenal responsiveness but apparent unresponsiveness of
the renal tubules to the action of aldosterone. It consists
of two forms: PHA type la and PHA type 1b. PHA type
la, which is an autosomal dominant (AD) inherited
disorder and only involves the renal mineral corticoid
receptors (MR), manifests with primary renal tubular
salt-wasting and is generally treated with sodium
supplementation, sodium bicarbonate and, if necessary,
potassium-binding resins. PHA type 1b is an autosomal
recessive (AR) inherited disorder and can be caused by
homozygous or compound heterozygous mutation in any
one of 3 genes encoding the subunits of the epithelial
sodium channel (ENaC); it is characterized by renal
salt-wasting and high concentrations of sodium in sweat,
stools, and saliva because aldosterone resistance is not
restricted to the kidneys, but involves multiple organ
systems and is particularly life-threatening during the
neonatal period [9-11]. In case 2, the first diagnosis was
PHA type la, based on a very high renin activity and,
although to a lesser extent, aldosterone levels, therefore
specific treatment was commenced with sodium bi-
carbonate, sodium chloride supplements and potassium-
binding resins. However, despite the good metabolic
response with normalization of the acid-base and
potassium balance, growth still remained very impaired
and at the age of 36 months, her weight and height
percentiles were less than 3 SD. Furthermore, the attempt
to discontinue the therapy at the age of 30 months, as is
often possible with PHA type 1a, failed and a diagnostic
reassessment at the age of 36 months showed bio-
chemical parameters in line with a diagnosis of primary
hypoaldosteronism.

Isolated primary hypoaldosteronism is characterized
by the salt-wasting syndrome, normal cortisol and 17-
OH-progesterone levels, high renin activity and low or
normal aldosterone levels. The aldosterone deficiency
with normal cortisol and sexual hormone production is a
rare congenital disease due to the disruption of the final
step of the aldosterone synthesis involving aldosterone
synthase (AS), which is uniquely expressed in the Zona
glomerulosa of the adrenal cortex, thus preventing
production of aldosterone in the other adrenocortical
zones (Figure 2).
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Figure 2. Biosynthetic pathway to aldosterone.

Two forms of aldosterone synthase deficiency have
been recognized, also called corticosterone methyloxi-
dase deficiency types 1 and 2 (CMO I and CMO II), with
a similar clinical picture, but with different secreted
steroids [1,5]. Both type 1 and type 2 of AS deficiency
are autosomal recessive disorder caused by loss-of-
function mutations in the CYP11B2 gene, a member of
the cytochrome P450 family and localized in 8q24.3
[12,13]. The type of mutation in CYP11B2 and resulting
residual enzymatic activity determines the phenotype,
which is characterized by low to normal levels of
18-hydroxycorticosterone and undetectable aldosterone
levels in type 1, and by high levels of 18-hydro-
xycorticosterone and subnormal or normal levels of
aldosterone in type 2 [5]. It has been suggested that 11-4-
hydroxylase may be responsible for the production of
18-hydroxycorticosterone in type 2 AS deficiency, since
this enzyme seems to have a weak 18-hydroxylation
activity. In fact, the AS shows a 93% similarity with
11p-hydroxylase, expressed in the zona fasciculate and
coded by the CYP11B1 gene, although weakly, the
enzymatic activity of CYP11B1, and in some cases of
CYP11B2 activity null could provide for the increased
production of corticosterone (Figure 2) [4,5,14]. The
two cases we describe here undoubtedly show the typical
clinical and biochemical features of congenital primary
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hypoaldosteronism; therefore, because the aim of our
study is to illustrate the likelihood of misunderstanding
the biochemical parameters in case of severe hydroelec-
trolytic and metabolic disequilibrium due to this very
rare disease, we can affirm his forcefulness. On the other
hand, the study is not complete due to the unavailability
of the dosage of 18-hydroxycorticosterone and corticos-
terone, which would have enabled better characterization
of the defect, and above all, the molecular analysis which
would have confirmed the diagnosis. However, it is
known that no clear correlation has been demonstrated
between the molecular defect and the clinical cones-
quences, but above all, that many cases with a clinical
diagnosis of primary hypoaldosteronism show no muta-
tions in the CYP11B2 gene, probably due to involvement
of a trams-acting factor affecting CYP11B2 expression
and/or development of the adrenal Zona glomerulosa [2].
This condition is known as familial hyperreninemic hy-
poaldosteronism type 2 (FHHA?2).

We also wish to stress another aspect arising from our
two cases. The widespread opinion regarding the evolu-
tion of primary hypoaldosteronism entails the possibility
of suspending treatment in adolescent and adult patients
because of the spontaneous improvement of the meta-
bolic function of the renin-angiotensin system and the
aldosterone activity on the renal tubulus [2].
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Conversely, recent data from literature demonstrate
that this condition needs lifelong treatment. In fact, the
precarious metabolic stability gives rise to the risk of
life-threatening metabolic disequilibrium in case of de-
hydration from various causes and when perfect per-
formance of the renal system is required to control the
hydroelectrolytic status [15]. Furthermore, despite the
fact that discontinuation of treatment had no conse-
quences on the electrolytes, acid-base or water balance,
the very significant increase in the renin activity, as hap-
pened in Case 1, could cause renal disease, due to high
angiotensin levels which, according to recent studies,
produces glomerulosclerosis [16,17].

Case 2 underscores another interesting aspect. It is
known that in infancy and childhood, growth is strictly
associated with good health, and also with a normal hy-
droelectrolytic balance. Treatment with sodium bicar-
bonate, sodium chloride and potassium-binding resins
caused the normalization of the biochemical blood pa-
rameters, but growth was severely impaired and only the
specific therapy with aldosterone analogue restored good
physical development with catch-up growth. A similar
experience is reported by Jessen and colleagues who note
that fludrocortisone replacement therapy effectively
normalizes sodium balance and growth in neonatal and
infant age [18].

4. CONCLUSION

The cases we observed confirm the great variability of
the clinical manifestations of isolated primary hypoal-
dosteronism, and emphasize the need for a reflection on
the type and duration of treatment along with other data
in literature. For this purpose, it is appropriate for pa-
tients with this rare disease to have a lifelong rigorous
follow-up.
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