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Pseudo hypoaldosteronism (PHA) is a type of chan-
nelopathy leading to life-threatening hyperkalemia,
hyponatremia and metabolic acidosis in neonates.
Type | PHA (PHAI) is characterized by either mutation
in NR3C2 (MLR) gene or genes related to subunit of
ENaC channel, whereas Type Il (A to E) PHA is due to
mutations in other genes. Type | PHA is further divided
into systemic and renal forms based on the gene and
organ involved. Systemic PHAI is a rare, multisystem
disease presenting as severe salt wasting in neonates.
In this article, we report a case of systemic pseudohy-
poaldosteronism type 1 in a 2 days old neonate with
a novel mutation involving SCNN1B gene. Our patient
appears to be the first reported case of systemic PHAI
due to SCNN1B mutation from India.
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INTRODUCTION

Pseudo hypoaldosteronism (PHA) is a rare genet-
ic disorder characterized by severe hyperkalemia
associated with hyponatremia and metabolic ac-
idosis. It is of two types: Type | PHA (PHAI), which
can either be autosomal recessive or autosomal
dominant and Type Il (PHAII), further subclassi-
fied in A to E based on genetic etiology, all have
an autosomal dominant mode of inheritance
with type IID being inherited in autosomal reces-
sive manner also.

Autosomal dominant PHAI results from mutation
in mineralocorticoid receptor (NR3C2 gene or
MLR gene), whereas autosomal recessive PHAI
results from mutation in any of the three subunits
(alpha, beta, gamma) of epithelial sodium chan-
nels (ENaC)(1,2). Autosomal dominant subtype
involves only the kidneys and is a milder form
without systemic involvement, also known as re-
nal PHAI. Autosomal recessive PHAI is a severe
form, associated with multisystem involvement
including kidneys, salivary glands, sweat glands,
digestive glands and is called systemic PHAI As a
result of salt wasting from multiple systems, the
patients develop renal manifestations like hyper-
kalemia, hyponatremia, pulmonary manifesta-
tions like wheezing, recurrent pulmonary infec-
tions, skin manifestations like miliaria, etc. (1,2).
This disorder was first reported by Cheek and
Perry in 1958 (3). Systemic PHAI is a very rare dis-
ease and only a few cases are reported to date.
The estimated incidence of pseudohypoaldoste-
ronism type 1 is around 1 in 80,000 individuals
and that of systemic PHAI is 1 in 166,000 new-
borns (4,5).

Here we report a case of systemic pseudohy-
poaldosteronism type 1 in a neonate due to a
novel variant detected in the gene SCNN1B.

CLINICAL CASE

A preterm (34 weeks) female neonate, full term,
appropriate for gestational age with low birth

weight, born of non-consanguineous marriage
presented with thread like discharge from eyes
and rashes all over the body on day 2 of life.
The neonate had a history of sibling death due
to sepsis and severe hyperkalemia at 28 days of
life. Physical examination showed ropy discharge
with crystallization of discharge from bilateral
meibomian glands, miliaria all over the body
with normal female genitalia and normal respira-
tory examination. (Figure 1)

Investigations revealed severe hyperkalemia
(K* 6.7 mmol/L) and hyponatremia (Na*131
mmol/L). Sepsis parameters were negative. A
salt wasting disorder was suspected and further
investigations were done. As history of a sibling
death was present, congenital adrenal hyper-
plasia was suspected and 17 alpha hydroxypro-
gesterone levels were determined, which was
normal. On day 4 of life, the patient became le-
thargic with increased secretions from eyes and
increased skin rashes. Investigations revealed
worsening hyperkalemia (K* 7.3 mmol/L), hypo-
natremia (Na* 129mmol/L), metabolic acidosis.
A possibility of systemic pseudohypoaldoste-
ronism type 1 was kept and investigations were
done, revealing elevated renin and aldosterone
levels.

Genetic testing was done on day 5 of life in view
of systemic PHAI, which revealed a homozygous
NM_000336.2:c.585+1G>A mutationinintron
3 of SCNN1B gene. This variant is not reported
in 1000 genomes and has an allele frequency
of 0.0004% in gnomAD database. The gene
SCNN1B has a low rate of benign loss of func-
tion variants as indicated by a high LoF variants
Z-Score of 2.68. The ¢.585+1G>A variant is a loss
of function variant in the gene SCNN1B, which is
intolerant loss of function variant, as indicated
by the presence of existing pathogenic loss of
function variant NM_000336.2:¢c.1542+1G>A
and 4 others. There are 6 downstream patho-
genic loss of function variants, with the farthest
being 402 residues downstream of the variant
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¢.585+1G>A. Based on the above evidence, this
variant has been classified as likely pathogenic
according to ACMG guidelines (6) (Figure 2).

Sequencing of the protein coding regions in
genes associated was performed using lllumina
next generation sequencing (NGS) systems at a
mean coverage of 80-100x in the target region.
GATK best practice framework was followed for
variant identification. BWA-mem aligner was
used to align the obtain sequences to human

Figure 1 Pedigree chart

reference genome (GRCh37/hg19). Duplicate
reads identification and removal, base quality
recalibration and re-alignment of reads based
onindels were done. Sention’s haplotypecaller
module has been used to identify the variants
which are relevant to the clinical indications (7).
Along with this, deep variant analysis pipeline
on Google cloud platform was used as a second-
ary pipeline to call genetic variants using inbuilt
Sentieon modules (8). A total of 1425 genes

/

Figure 2

Next generation sequence findings of the case
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related to the neonate’s phenotype were cov-
ered. Quality checks (QC) were performed on all
to exclude variants where sequencing is of poor
quality. Additional QC metrics included total ho-
mozygous and heterozygous calls (SNVs and in-
dels), proportion of variant calls that were com-
mon, number of variants falling into different
annotated consequence categories, number of
extreme heterozygotes (alternate allele propor-
tion 0.8).

As the patient had worsening hyperkalemia and
metabolic acidosis, insulin, NaHCO, and calcium
polystyrene sulphonate were started. On day 24
of life, the patient had tachycardia, tachypnea,
retractions and increased secretions, which was
managed with chest physiotherapy, nebulization,
O, therapy and antibiotics. Respiratory distress
settled on day 29 of life. Oxygen requirement

decreased and the patient was discharged on
day 34 on sodium supplements, sodium bicar-
bonate, calcium polystyrene sulphonate, nebu-
lization with N-acetyl cysteine. The patient was
on regular follow up. Eye discharge was persist-
ing with persistent miliaria but no signs of re-
spiratory distress. On day 70 of life, the patient
went into sudden cardiac arrest at home. The
cause was attributed to severe hyperkalemia
but no laboratory investigations could be done
to confirm the cause of death (Table 1).

DISCUSSION

Pseudo hypoaldosteronism type 1 was described
first by Cheek and Perry in 1958. It is further
of two types, namely renal PHAI and systemic
PHAI. Renal PHAI occurs due to mutation in
mineralocorticoid receptor (MLR). It is a milder

Laboratory parameter ([Lzymoii;gifc?nz) Day of life 5 | Day of life 17 33322:1::32)4
Sodium (mmol/L) 131 129 141 140
Potassium (mmol/L) 6.7 7.3 5.5 4.2
Urinary sodium (mmol/L) 472
Urinary potassium(mmol/L) 9
17-alpha hydroxyprogesterone 39
(ng/ml)
Plasma Renin (ulU/ml) 267.2
Aldosterone (ng/dL) 1065
Clinical exome SCNN1B
(Next generation sequencing) mutation
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variant as only kidneys are involved. Systemic
PHAI is a more severe type characterized by a
defect in any of the three subunits (alpha, beta,
gamma) of ENaC sodium channels. Aldosterone,
the principal mineralocorticoid of human body
acts through mineralocorticoid receptors (MLR)
and ENaC channels. ENaC is expressed in mul-
tiple tissues: sweat glands, meibomian glands,
colon, salivary glands, etc. Hence, its mutation
leads to multisystem involvement. Due to the
impaired action of aldosterone, the renal reg-
ulation of sodium and potassium is disturbed
leading to a triad of hyperkalemia, hyponatre-
mia, and metabolic acidosis.

Systemic PHA type 1 is an autosomal recessive
disease caused due to mutation in any of the
three genes, namely SCNN1A (chromosome
12p13.31), SCNN1B (chromosome 16p12.1) or
SCNN1G (chromosome 16p12.1). The risk in-
creases in neonates born as a result of consan-
guinity (inbreeding). However, there was no in-
breeding in our case. But there was an history of
similar illness in sibling leading to death. Further
genetic analysis of parents is required to know
the carrier status.

To date, only about 35 cases of systemic pseudo-
hypoaldosteronism have been reported around
the world and only 2 cases in India. Out of
which, the majority are due to mutation in
SCNN1A gene and less than 10 cases are due
to SCNN1B gene mutation. No case of SCNN1B
mutation has been reported from India.

Most of the cases of systemic pseudohypoaldo-
steronism were reported in neonatal age groups,
mostly in first two weeks of life. Neonates pres-
ent with severe salt wasting manifestations,
growth failure, letharginess and is associated
with high mortality rates. As the age increases,
salt wasting episodes tends to decrease and the
patient might be asymptomatic and may lead a
healthy life.

Investigations should include serum electrolytes,
urinary electrolytes and a blood gas. Further
investigation shows increased levels of serum
aldosterone and renin activity. Genetic analysis
can be done for confirmation of the disease and
for any novel mutations.

Management includes sodium supplementation,
combating hyperkalemia with albuterol nebuli-
zation, insulin, calcium gluconate infusion (with
ECG monitoring), potassium binders and sodium
bicarbonate for metabolic acidosis. Patients gen-
erally require lifelong treatment. As the age in-
creases, the salt wasting manifestations decreas-
es and patient may lead a normal healthy life.

LEARNING POINTS

e When a neonate presents with severe life-
threatening hyperkalemia, a possibility of
systemic pseudohypoaldosteronism should
be kept.

e Systemic PHAI has high mortality rate when
presented during infancy and mortality,
morbidity decreases as age increases.

e Treatmentincludes management of hyper-
kalemia, hyponatremia and metabolic acido-
sis. Prompt treatment might lead to the sur-
vival of patient and may lead a healthy life.
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