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Abstract

Aldosterone Synthase Deficiency (ASD) is a rare cause of hy-
ponatremia, commonly found in infancy and if is early diagnosed 
it has a very good prognosis. ASD has been classified in 2 types, 
type 1, which is the rarest form and type 2. Patients with ASD usu-
ally present with salt-wasting, insufficient release of potassium in 
the urine, metabolic acidosis and failure to thrive in early infancy. 
This paper reports on one ASD case of a 6 weeks old female who 
presented with salt-wasting crisis, hyperkalemia, metabolic acido-
sis and failure to thrive. During the initial Intensive Care Unit (ICU) 
admission phase, ASD was not suspected due to nonspecific signs. 
During the second admission in the ICU, two weeks after the initial 
admission, guided by the pediatric endocrinologist, empiric fludro-
cortisone therapy was started with improvements in weight gain. 
Genetic testing identified two heterozygous pathogenic and likely 
pathogenic variants in the CYP11B2 gene, which confirmed corti-
costerone methyloxidase deficiency. Plasma steroid profile showed 
high plasma renine activity, inappropriate normal aldosterone se-
cretion and normal 18-hydroxycorticosterone, compatible with 
type 1 aldosterone synthase deficiency. Through this study we aim 
to underline the importance of early recognizing this life-threaten-
ing pathology, by hormonal investigations, followed by genetic test-
ing to facilitate the clinical management of the patient.
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Introduction

Aldosterone synthase is expressed in the adrenal cortex and 
catalyses the final three steps of the aldosterone biosynthesis: 
from 11-deoxycorticosterone to corticosterone, then to 18-hy-
droxycorticosterone and finally to aldosterone [1]. Aldosterone 
synthase deficiency is a rare autosomal recessive disorder [2], 
that has an unknown prevalence [1], characterized by excessive 
sodium release in the urine, associated with insufficient release 
of potassium in the urine, usually starting in infancy [3]. This 
condition has a potential life-threatening risk, so it is necessary 
to conduct hormonal investigations, along with genetic testing 
in suspected patients to facilitate clinical management [2]. Al-
dosterone synthase deficiency is classified in type 1 and type 
2 depending on the production of 18-hydroxycorticosterone, 
which is increased only in type 2 ASD. Aldosterone synthase de-
ficiency type 1 occurs less frequently and typically results in low 
or absent aldosterone production and is more severe than ASD 
type 2 [4]. Aldosterone synthase deficiency manifests in the first 
weeks of life with nausea, vomiting, feeding problems and fail-
ure to thrive. Clinical severity improves with age, patients being 
frequently asymptomatic during adulthood despite not receiv-
ing mineralocorticoid therapy [1].

Case Presentation

We describe a 6-week-old infant, female, who came from a 
pregnancy obtained via IVF, with physiological evolution, deliv-
ered via cesarean section, at 38 weeks gestational age, with a 
birth weight of 3070 g, birth length of 51 cm and an Apgar Score 
of 10, who was breastfed combined with formula one month, 
then switched to formula only. After birth, she had an extended 
neonatal metabolic screening (including cystic fibrosis), which 
was negative. Both her parents were healthy, with no chronic 
illnesses. From the patient’s medical history, we found that she 
presented first at the pediatrician at 2 weeks old, for not regain-
ing her birth weight (2900 g at 2 weeks) and breast enlarge-
ment, so she was referred to the endocrinologist. Four weeks 
later, she came back to the pediatric department, where the 
pediatrician concluded that she gained only 280 g in 6 weeks 
and he also collected an arterial blood gas test, which showed 
hyponatremia (125 mmol/l) and hyperkalemia (6.5 mmol/l), 
so she was referred to a multidisciplinary care unit for further 
investigations. At the first evaluation in our clinic, clinical ex-
amination showed mottled skin, systolic murmur grade II/VI, 
mildly bloated abdomen and axial hypotonia and laboratory 
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tests showed hyponatremia (127 mmol/l), hyperkalemia (6.5 
mmol/l) and the 24 h urine collection showed that sodium was 
60 mmol/l, potassium was 14.50 mmol/l and urine density was 
1005. Additional investigations were made and at the cardiac ul-
trasound we found out that she had patent foramen ovale, with 
a left-right shunt and small persistent ductus arteriosus. During 
neurologic evaluation, the pediatric neurologist concluded that 
the infant had axial hypotonia and mild left-sided plagiocephaly. 
During hospitalization, the infant received age-appropriate for-
mula feeding, in progressively increasing amounts, hydroelec-
trolytic rebalancing infusion and oral sodium chloride 5.85%, 
with favorable evolution and good weight gain (330g/10 days).

Two weeks later, she came back to the emergency room with 
decreased appetite and one episode of vomiting. Laboratory 
investigations were repeated and the electrolyte test showed 
hyponatremia (128 mmol/l), hyperkalemia (6.50 mmol/l) and 
hypercalcemia (1.48 mmol/l), 17-hydroxyprogesterone was in 
the normal range (1.27 ng/ml), so we excluded the majority of 
congenital adrenal hyperplasia forms and the thyroid function 
showed that the infant had subclinical hypothyroidism. During 
hospitalization, sequential blood gas analyses were collected 
revealing persistent hyponatremia and hyperkalemia (Table 1).

The pediatric endocrinologist recommended additional tests 
for the hypothalamic-pituitary-adrenal (HPA) axis - cortisol and 
ACTH were in the normal range, excluding primary adrenal in-
sufficiency, aldosterone level had inappropriately normal value 
(14.9 ng/dl), and renin value was above the detection limit (> 
5000 uUI/ml), the fasting blood glucose was in the normal range 
(84 mg/dl), plasmatic osmolality was 259.11 mOsm/kg and the 
urine osmolality was inappropriately high (207.38 mOsm/kg). 
The endocrinologist requested additional pediatric nephrol-
ogy evaluation and genetic counselling (searching for causes of 
aldosterone synthase (CYP11B2) deficiency/aldosterone resis-
tance) and started empiric fludrocortisone therapy.

During nephrology evaluation, a renal ultrasound was per-
formed and there were no features of nephrocalcinosis. Based 
on laboratory findings, a tubulopathy of Gitelman syndrome or 
Bartter syndrome was ruled out, which could have been sugges-
tive in the context of growth failure and hyperreninemia. Both 
pediatric endocrinologist and nephrologist strongly suggested 
genetic testing (WES).

The geneticist concluded that the patient had a weight gain, 
but she was only on the 5th percentile, she was alert, cried vigor-
ously and had axial hypotonia. The geneticist also recommend-
ed genetic testing (WGS/WES). Genetic testing was performed, 
and two heterozygous pathogenic and likely pathogenic vari-
ants were identified in the CYP11B2 gene. If variants in the com-
pound heterozygous state (in trans), the genetic diagnosis of 
autosomal recessive corticosterone methyloxidase deficiency is 
confirmed.

The infant was reevaluated at the endocrinology department 
and the laboratory tests found that cortisol and electrolyte test 
had normal values and the renine value dropped at 648.2 uUI/
ml, so it was possible to calculate the aldosterone-to-renine ra-
tio, which was low (0.009), suggestive for primary hypoaldoste-
ronism. The endocrinologist also requested the 18-hydroxycor-
ticosterone value, which was normal, suggestive for ASD type 1.

During the management process of this case of hyponatre-
mia, we tried to exclude other endocrine causes like congeni-
tal adrenal hyperplasia, primary adrenal insufficiency, cerebral 
salt wasting syndrome or inappropriate anti-diuretic hormone 
secretion, renal causes like tubulopathy of Gitleman or Barter 
syndromes, nephrotic syndrome and gastrointestinal causes 
(Figure 1) [5].

In our patient, treatment with oral sodium supplementation 
and fludrocortisone was initiated in October 2023, with pro-
gressive increasing doses and the infant rapidly started to catch 
up growth (Figure 2).

At 6 months old, the endocrinology reevaluation showed the 
evolution of the renine value which became normal after ap-
proximately 3 months of treatment (Figure 3&4).

Figure 1: Differential diagnosis and treatment of hyponatremia in 
infancy [5].

Table 1: Sodium and potassium values before treatment initiation.
Day 1 Day 2 Day 4 Day 7 Day 8

Sodium (nmol/l) 131.6 131 134 133.9 132.5

Potassium (nmol/l) 7.19 5.4 5.9 5.88 5.50

Figure 2: Weight evolution from birth to 3 months old.

Figure 3: Renine evolution.
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Discussions

We described a 6-week-old infant who presented with a 
salt-wasting crisis, failure to thrive and feeding difficulties. The 
clinical presentation along with typical biochemical alterations 
like hyponatremia, hyperkalemia, high plasma renin levels and 
inappropriate normal aldosterone suggested the underlying di-
agnosis, which was confirmed by genetic analysis.

In infancy, clinical presentation can be dramatic, with sig-
nificant hemodynamic impact and life-threatening episodes of 
seizures and coma. Usually, this condition improves with age, 
adults being frequently asymptomatic despite no mineralocor-
ticoid therapy, this fact being associated with a gradual declin-
ing dependency on aldosterone during lifetime for the normal 
ionic imbalance due to possible extra-adrenal compensatory 
mechanisms and alternative ACTH-dependent pathways for 
mineralocorticoid biosynthesis [1].

It is important to underline that high aldosterone plasma 
levels in infancy do not rule out aldosterone insufficiency and 
might mislead differential diagnosis with pseudohypoaldoste-
ronism. Therapeutic requests and growth impairment in hy-
poaldosteronism vary even with a common genetic background 
[6].

The aldosterone synthase enzyme is involved in a series of 
three chemical reactions that produce aldosterone from other 
precursor molecules [3] (Figure 5).

ASD has been classified in [2]:

¾¾ Type 1 – the enzymatic CYP11B2 activity is completely 
abolished, with low to normal levels of 18-OHB [2];

Figure 4: Aldosterone evolution.

Figure 5: Enzymatic reactions catalyzed by CYP11B2 enzyme [7].

¾¾ Type 2 – the mutation in the CYP11B2 gene only de-
creases 18-hydroxylase and 18-oxidase activities, but not 11 
β-hydroxylase activity and 18-OHB levels are markedly elevated 
[2].

In our case, after dosing 18-OHB, which had a normal value, 
type 1 ASD deficiency, which is rarer, was confirmed.

Conclusions

Aldosterone synthase deficiency is a rare autosomal re-
cessive disorder, characterized by a disruption in aldosterone 
synthesis, that clinically manifests in salt-wasting crisis, failure 
to thrive and feeding difficulties, in infancy. It is important to 
recognize this condition as it has a good long-term prognosis 
when adequate fludrocortisone and oral sodium supplementa-
tion is instituted. Therefore, genetic confirmation in suspected 
adults and their partners is essential in assessing the genetic 
implications in their offspring and to minimize the potentially 
life-threatening risks of this condition.

In our case, fludrocortisone therapy administered in progres-
sively increasing doses associated with oral sodium supplemen-
tation determined weight gain and resolution of the biochemi-
cal abnormalities.
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