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Abstract

In the neonatal period, hydro electrolytic disorders
with dehydration and metabolic acidosis can cause
admission to an intensive care unit and become a
diagnostic  challenge. Among such disorders,
hyponatremia and hyperkalemia become diagnostic
challenges with hormonal involvement, including
aldosterone. Pseudohypoaldosteronism (PHA) resulting
from the lack of response to aldosterone in target cells
can be classified into three types and its suspected
diagnosis in cases of hyponatremia, hyperkalemia with
an elevation of serum aldosterone, can be confirmed
by exome sequencing with identification of a
potentially pathogenic. This study was based on the
case report of a newborn of consanguineous parents
who, after birth, evolved in the first week of life with
shock, hyponatremia, hyperkalemia, and metabolic
acidosis. An initial investigation ruled out congenital
adrenal hyperplasia. The presence of
hyperaldosteronism with increased plasma renin
activity,  associated with  hyperkalemia  and
hyponatremia difficult to control with electrolyte
replacement, led to a molecular investigation that
confirmed PHA type 1 by a mutation in the SCCN1A
gene. In neonates with severe hyponatremia that is
difficult to resolve with conventional treatment and
elevation of serum aldosterone, this pathology must be
remembered and investigated, avoiding high morbidity
and mortality.
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Introduction

Aldosterone is the main mineralocorticoid hormone
produced in humans, having a steroidal origin and
cholesterol is the basis of its biosynthesis. The
production of aldosterone occurs in the zona
glomerulosa of the cortex of the adrenal glands [1-3].
Positive regulators of aldosterone secretion are the
renin-angiotensin-aldosterone system (RAAS) and
serum potassium level. These factors are followed by
several others with minimal influence, such as
adrenocorticotropic hormone (ACTH),
proopiomelanocortins; sodium ion; dopamine, J-
adrenergic agents, serotonin, and somatostatin.
Classically, dopamine; atrial natriuretic peptide, and
heparin are known to inhibit the secretion of this
hormone [4-6].

The inadequate action of aldosterone or its final
signaling pathways generates a very heterogeneous
spectrum of manifestations [7-10]. Among them, we
can mention Pseudohypoaldosteronism (PHA) resulting
from the lack of response to aldosterone in target cells
and, thus, characterized by resistance to
mineralocorticoids [11,12]. This condition is commonly
classified as PHA type 1 (PHA1) and PHA type 2 (PHA2),
and some authors also refer to type 3 (PHA3) [13-15].

PHA1, initially described in 1958, is a rare disease

Page 1 of 7

<t
o
™
N
(9]
c
=
S~
o)
5
<
<
By
=
i
O
O



https://doi.org/10.54448/ijn22304

Vol 15 Iss3Year 2022

International Journal of Nutrology

ABRANS) International Journal of Nutrology
L\ Official Jc al of the ABRAN - Brazilian Association of Nutrition

with an incidence of about 1:166,000 births that
manifests itself with elevated levels of aldosterone and
plasma renin activity, loss of sodium, hypotension,
hyperkalemia, hyponatremia and metabolic acidosis,
and with it, has high mortality and morbidity even in the
neonatal period and was the main focus of this study
[14-16].

This study carried out a literature review and a
case report of a patient with PHA1l secondary to a
mutation in the SCCN1A gene. In addition, scientific
basis related to bio cellular, molecular, clinical aspects,
and differential diagnosis approach. The recognition and
early treatment of PHA are the main weapons to be used
to reduce morbidity and mortality and improve the
quality of life of its patients.

Methods
Study Design

The present study was elaborated according to the
rules of the CARE case report (https://www.care-
statement.org/). A descriptive literature review was also
carried out to provide sufficient scientific data for the
theoretical basis of this study. The study follows the
retrospective, secondary and descriptive model. For the
research, data from PubMed and Scielo in the last 20

years were used, using the descriptors:
“Pseudohypoaldosteronism”, “Aldosterone resistance”,
“pseudohypoaldosteronism type I”,

“Pseudohypoaldosteronism and Hyperkalemia”.

Ethical Approval

This study was analyzed and approved with the
number 3.682.724 by the Research Ethics Committee
from the University of Marilia, Faculty of Medicine,
Marilia, Sao Paulo, Brazil, and obtaining the Informed
Consent Form according to CNS/CONEP Resolution
466/12. Data from the child under study were obtained
through the collection and analysis of information
contained in the patient's medical record, duly
authorized by those responsible using signing the
Informed Consent Form.

Case report

Patient Information and Clinical Findings,
Timeline, Diagnostic Assessment, Therapeutic
Intervention, and Follow-up

Newborn, male, white, son of consanguineous
parents (first cousins), coming from the interior of Sao
Paulo. Prenatal care performed without complications
evolved into spontaneous vaginal delivery at 40 weeks
and 4 days. The hospital discharged the mother at 4
days of life, due to neonatal physiological jaundice.
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At eight days of age, he evolved with respiratory
distress, prostration, hypoxia, sweating, cyanosis,
moaning, fixed gaze, decreased responsiveness, and
cold extremities. Admitted to the emergency
department in a serious condition, where resuscitation
measures were initiated for hypovolemic shock,
requiring mechanical ventilation as respiratory support.

On admission, he had metabolic acidosis
associated with severe hyperkalemia and severe
hyponatremia, according to the tests: serum potassium
of 9.6 (Reference value (RV): 3.5 to 5 mmol/L), serum
sodium of 112 (RV: 135-145 mEqg/L) and arterial blood
gas analysis pH: 7.25; pCO2: 26.4mmHg; pO2:
69.3mmHg; bicarbonate: 11.4mEq/L; base excess: -11;
lactate 7.1 mmol/L (on mechanical ventilation and after
hydration); Electrocardiogram showed sinus
tachycardia, right bundle-branch block, QRS widening
and peaked T wave.

Transferred to the pediatric/neonatal intensive
care unit being treated with fluid replacement, antibiotic
therapy for sepsis of a pulmonary focus, management
of metabolic acidosis  requiring  bicarbonate
replacement, and correction of severe hyperkalemia
associated with electrocardiographic alterations with
calcium gluconate and potassium-depleting measures.

Due to the evidence associated with metabolic and
electrolyte alterations, Congenital adrenal hyperplasia
(CAH) was proposed as a differential diagnosis, the
exams were collected and glucocorticoid replacement
therapy with hydrocortisone and fludrocortisone was
initiated. The patient had a good initial partial clinical
response but soon returned to maintain the intensity of
the hydro electrolytic disturbances with hyponatremia
and hyperkalemia, requiring sodium and calcium
replacement.

The results of the adrenal exams arrived and the
hypothesis of congenital adrenal hyperplasia with
precursor values within the expected was not confirmed.
However, during this metabolic investigation,
hyperreninemia (plasma renin activity: 8.8 ng/mL/h
(RV: 0.32 to 1.84), hypercortisolism (Cortisol 51mcg/dL
- RV 4.46 to 22 .7) and hyperaldosteronism (Aldosterone
1000ng/dL -RV: 1.8 to 23.2).

Because of the lack of hydro electrolytic response
associated with the wvery high serum level of
aldosterone, the diagnostic hypothesis of
Pseudohypoaldosteronism was raised, and weaning off
glucocorticoids was initiated. It is worth mentioning that
in periods of metabolic stress related to infectious and
inflammatory disorders, the patient presented a
worsening of the hydro electrolytic pattern with a drop
in sodium, an increase in potassium, and a resurgence
of metabolic acidosis. After weaning from
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corticosteroids, the patient maintained a condition of
hyponatremia and hyperkalemia and required oral
sodium replacement and exchange resin, maintaining
good clinical evolution.

Given the strong clinical and laboratory suspicion
of PHA, genomic analysis was performed by exome
sequencing with the identification of a potentially
pathogenic variant in homozygosity in the SCCN1A
gene, confirming systemic type 1
pseudohypoaldosteronism. The patient was referred to
nephrology with sodium supplementation and therapy
for hyperkalemia. Directed family to a geneticist for
genetic counseling and, if possible, family molecular
assessment.

At 4 years of age, z score 0 and at the 50th
percentile of weight and height, in follow-up with a
nephrology team, using 10 grams of exchange resin
every 8/8 hours, 2 grams of bicarbonate every 8/8
hours, and 4 grams of salt a day. Serum sodium levels
were 148 mEg/L and potassium 4.8 mEq/L.

Discussion
Biocellular Basis

After synthesis and secretion stimuli, aldosterone
is released into the bloodstream and binds to

mineralocorticoid receptors (MR), located in the cytosol
of target tissue cells: distal nephron, colon, salivary, and
sweat glands [5,7,10,11].

The aldosterone-MR complex migrates to the cell
nucleus and induces the transcription of genes that lead
to the synthesis of peptide subunits that will originate
from cell membrane transporters. Among the carriers
formed are epithelial sodium channels (ENaC); sodium-
potassium ATPase (NakATPase) and
serum/glucocorticoid-regulated protein kinase 1 (SGK1)
channels. These molecules are responsible for the
elimination of potassium and conservation of sodium by
the epithelial cells of the target tissues and, thus, the
maintenance of hydro electrolytic homeostasis
[2,4,5,7].

Biological alterations in the function of aldosterone
or one of the pathways of its action have varied
manifestations with important clinical repercussions. In
the case of the aforementioned patient with PHA1, he
has aldosterone resistance secondary to inadequate
ENAC formation, as we will see in more detail below.
Loss of ENaC function decreases sodium reabsorption in
multiple organs and secondarily decreases potassium
and hydrogen excretion and water reabsorption in the
distal nephron, justifying the changes presented in the
clinical case (Figure 1).

Figure 1. Representation of the mineralocorticoid action of aldosterone on a target cell. 1- Aldosterone influx into
the cytosol and binding to the mineralocorticoid receptor (MR); 2 — migration of the aldosterone-MR complex to the
cell nucleus and stimulation of transcription of genes related to cell channels; 3 — translation and formation of cell
carrier subunits; 4 — ENaC representation; 5 - NakATPase and 6 - SGK1.
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Source: Figure developed with Servier Medical Art, provided by Servier, licensed under a Creative Commons

Attribution 3.0 unported license.
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Molecular Basis

The autosomal recessive variant, called systemic
PHA 1, is caused by inactivating mutations in the
SCNN1A (chromosome 12p13.31), SCNN1B
(chromosome 16p12.1), and SCNN1G (chromosome
16p12.1) genes. These genes, responsible for encoding
the a, B, and y subunits of ENaC, when inactivated
promote anomalous and dysfunctional coding of these
channels [17,18]. Thus, severe hydro electrolytic
disorders occur, as it promotes salt loss in various
organs and tissues such as the salivary, sweat glands,
colon, kidneys, and lungs [14,16,19,20].

The autosomal dominant variant, renal PHA 1, is
characterized by heterozygous inactivating mutations in
the mineralocorticoid receptor gene. Fernandes-Rosa &
Antonine (2017) [16] report that about 22 mutations in
the gene encoding the MR have already been described
in patients with PHA1, such as NR3C2, which is located
on chromosome 4q31.1, both in sporadic and familial
cases.

Clinical Aspects

Clinical manifestations of systemic PHA1 occur
more frequently in neonates and include severe
dehydration and hyponatremia, as reported, due to salt
loss and hyperkalemia. Changes in sodium and
potassium are further combined with elevated plasma
aldosterone and renin concentrations, reflecting target
organ resistance [15]. Pulmonary changes also occur
due to association with recurrent respiratory tract
infections, as well as cholelithiasis, skin rashes, and
polyhydramnios [20].

Laboratory tests include hyponatremia,
hyperkalemia, metabolic acidosis, and decreased
urinary potassium excretion, while adrenal function and
glomerular filtration rate are normal [20]. Clinical
aspects of renal PHA1l involve hyponatremia,
hyperkalemia, metabolic acidosis, failure to thrive, and
elevated plasma Renin and Aldosterone concentrations,
these signs appear mainly in early childhood.

In renal PHA1, metabolic acidosis is not always
present and hyperkalemia is milder than the systemic
form. The main clinical sign of renal PHA1 is insufficient
weight gain due to chronic dehydration. The spectrum
of the renal form ranges from healthy, unaffected
patients without electrolyte disturbances but with
elevated plasma renin and aldosterone levels and
patients with clinically manifest renal salt loss. Elevated
aldosterone levels are the only biochemical marker in
adulthood [15,16,20].

A fact that calls attention in the case presented is
the evolution of severe hyperkalemia, including
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electrocardiographic  alterations, accompanied by
hypovolemic shock associated with dehydration and
sepsis of pulmonary focus — factors that corroborate the
diagnosis of pseudohypoaldosteronism in the systemic
form, allowing an initial detailed empirical approach

[21-24], in due course, below. In cases of
hyponatremia associated with hyperkalemia in
neonates, the diagnosis of congenital adrenal

hyperplasia is the main diagnostic hypothesis and in
these cases, there is a good response to corticosteroid
therapy. When there is no improvement in electrolytes
and aldosterone is high, PHA should be considered
[25].

Treatment

The treatment of PHA consists of sodium
supplementation, hydration, and correction of
hyperkalemia and acidosis in the acute phase of the
disease [26]. The use of exogenous corticosteroids is
not indicated, as patients with PHA are unresponsive.
However, fludrocortisone and hydrocortisone are the
treatment of choice during the differential diagnosis with
congenital adrenal hyperplasia [18].

Patients with the renal form of PHAl show
significant clinical improvement with the replacement of
low doses of sodium chloride (1 to 2 g/day) during the
first year of life, which often becomes unnecessary
between one and three years of age. After this period,
supplementation can be discontinued and the patient
remains clinically asymptomatic [26,27].

In systemic PHA1, symptoms persist for life and
there is a need to replace a large amount of sodium for
the survival of affected individuals. Medical
management consists of salt supplementation and
potassium control, including the use of potassium-
reducing agents such as ion exchangers [15,20]. Such
treatment may have difficulty in therapeutic adjustment
at the beginning, requiring high doses of sodium.

Differential Diagnosis

Cases that evolve with severe hyponatremia and
hyperkalemia are rarely medical emergencies in
childhood and the most common cause is congenital
adrenal insufficiency, typically congenital adrenal
hyperplasia with 21-hydroxylase deficiency or
3Bhydroxysteroid dehydrogenase deficiency [21], an
investigation should be considered for Primary
Congenital Adrenal Hypoplasia and other causes of
Adrenal Insufficiency, isolated deficiency of aldosterone
synthesis and PHA.

The differential diagnosis of PHA is also based on
laboratory findings: elevated serum levels of
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aldosterone and plasma renin and normal levels of
serum cortisol and 170H pregnenolone, contrary to
what is normally observed in adrenal hyperplasia
(Table 1). In addition, a test of stimulation of cortisol
release through ACTH can be performed, failure to
increase serum cortisol levels suggests adrenal
insufficiency [17].

PHA should always be considered in a child who
has neuropsychomotor developmental delay, metabolic
acidosis, dehydration, hyponatremia with hyperkalemia,
lower respiratory tract involvement, urinary tract
malformations associated with infections, and exocrine
pancreatic insufficiency [22-24,27].

Table 1. Demonstrates the peculiarities of the systemic and renal forms of PHA1 for purposes of differential diagnosis

between conditions.

VARIABLES /PHA TYPE RENAL PHA SYSTEMIC PHA
GRAVITY Mild to moderate Severe, high morbidity and mortality
EVOLUTION Improves with age No remission with age

SALT LOSS Renal Multiple organs

SODIUM 3 to 20 mmol/kg/day — can be stopped | Up to 50 mmol/kg/day
SUPPLEMENTATION around 18 to 24 months of age.

GENETIC MUTATION Related to the mineralocorticoid receptor Related to ENac

Conclusion

Hydroelectrolytic disorders in neonates with
difficulty in hydroelectrolyte correction should arouse
motivation in search of differential diagnoses of diseases
related to aldosterone metabolism. Among the
differences pointed out in cases where aldosterone is
extremely high, PHA should be included since this
disease has high morbidity and mortality and its early
recognition is the main tool to reduce the drastic
evolution of these conditions.
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