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Introduction

Pseudohypoaldosteronism type 1 (PHA 1) presents in the
first few weeks of life with life-threatening salt-wasting
syndrome, hyperkalemia, and metabolic acidosis. PHA 1
includes both an autosomal dominant (AD) and a reces-
sive form (AR). PHA 1 is rare, with a reported incidence
ranging from 1:47,000 to 1:80,000 newborns [1, 2]. PHA
1(AD) is caused by mutations in the mineralocorticoid
receptor encoded by the NR3C2 gene (chr4:148999915-
149363672; NM_000901), with the salt-wasting syndrome
involving only the renal tubules. Typically, the extent of
salt wasting improves over time, with resolution of the
disease [3-5].

In contrast, PHA 1(AR) is caused by loss of function of
the amiloride-sensitive epithelial sodium channel (ENaC).
This is a highly conserved channel which is expressed in
the kidneys, lungs, colon, salivary and sweat glands. In
the kidneys, ENaC regulates sodium reabsorption and
electrolyte balance, while in the lungs it regulates lung
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We present a 27-month-old male infant with pseudohypoaldosteronism, with
two novel a-subunits, epithelial sodium channel (ENaC) mutations. Despite the
presence of the ENaC in the lungs, kidneys, and exocrine glands, he continues
to only have renal and exocrine involvement, stressing differential effects of the
mutation in each organ.

ENaC, epithelial sodium channel, hyperkalemia, hyponatremia, pseudohypo-
aldosteronism, salt-wasting, SCNNIA.

fluid. The ENaC is a trimeric channel, consisting of 3
genetically unique subunits assembled as alpha (), beta
(f), and gamma (y) (encoded by the genes SCNNIA,
SCNN1B and SCNNIG, respectively). Each subunit has
two transmembrane segments, an extracellular loop, and
an intracellular N- and C- terminus region. The a-subunit
has been described as the main sodium conductor, while
the f and y-subunits are involved in channel flow regula-
tion [6-9].

The classic presentation of PHA 1(AR) is thought to be
lifelong and severe. In addition to severe salt wasting,
affected patients may have symptoms very similar to cys-
tic fibrosis (chronic pulmonary symptoms, elevated sweat
chloride secretion, and failure to thrive) [3, 10]. The
availability of genetic testing has shown that regardless of
which subunit is mutated, there appears to be variability
of phenotypic presentation. Here, we report a new case of
PHA 1(AR) with 2 novel mutations and discuss its clini-
cal and genetic characteristics and compare it to previ-
ously described cases.

© 2014 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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Clinical Report

A 27-month-old boy presented at 7 days of age with
severe hyperkalemia, hyponatremia, and dehydration. He
was born via C-section due to premature rupture of
membranes at 36 weeks, with birth weight of 2.021 kg
(3.5% ile), length of 40.6 cm (0.2% ile, and head circum-
ference of 33 cm (55% ile). The parents were nonconsan-
guineous, of Caucasian descent, and mother was gravida
4 para 1 (the other 3 pregnancies ended in elective abor-
tions). At birth, the baby had no respiratory difficulty,
had normal electrolyte panel (Na 141 mmol/L, K
5.1 mmol/L, HCO; 22 mmol/L), and remained under
routine care due to prematurity. At 1 week of age, he was
noted to have mottling, jaundice, and difficulty feeding
which were associated with marked electrolyte distur-
bances (Na 123 mmol/L, K 9.0 mmol/L, HCO3; 17 mmol/
L). Urine electrolytes analysis revealed Na of 69 mmol/L,
K 2.6 mmol/L, Cl 42 mmol/L. The patient’s sepsis work-
up and metabolic newborn screening including cystic
fibrosis were negative. Electrocardiography, renal func-
tion, renal ultrasound, and VCUG examinations were
normal. He was treated with an IV hyperkalemia cocktail
consisting of sodium bicarbonate, calcium gluconate,
insulin, and glucose. He also received sodium polystyrene,
increased sodium delivery, hydrocortisone, and fludro-
cortisone. Further investigations revealed a cortisol level
of 12.7 mcg/dL (2-11 mcg/dL), 17-hydroxyprogesterone
20 ng/dL  (11-170 ng/dL), progesterone 3.13 ng/dL
(7-52 ng/dL), plasma renin activity 93.96 ng ml/h (2—
35 ng ml/h), and aldosterone 587.6 ng/dL (<217 ng/dL)
(Table 1). A preliminary diagnosis of pseudohypoaldoste-
ronism was then made. By day 12 of life, the patient sta-
bilized clinically while receiving sodium supplementation
at 8.5 mmol kg/day. On day 25 of life, he then had recur-
rence of poor feeding and severe electrolyte imbalance
(Na 126 mmol/L, K 10 mmol/L) in addition to failure to
thrive (2.085 kg). Patient was put on the acute hyperkal-
emia cocktail, aggressive sodium and fluid resuscitation.
Due to a markedly increased urine output volume
(16 cc kg/h with urine Na 175 mmol/L, urine K < 2),
urine replacement with normal saline was set at 1:1. Dur-
ing this time, the sodium intake was approximately
61 mmol kg/day, resulting in normalization of his sodium
levels. The patient continued to tolerate oral feeds, and
both hemodynamic and respiratory functions remained
stable. Once a new steady-state had been achieved, the
patient’s daily sodium requirement remained at
42.5 mmol kg/day (total of 118 mmol Na given orally,
with 56 mmol from oral sodium chloride, 32 mmol from
oral sodium citrate, and 32 mmol from oral sodium poly-
styrene.). For emergency access and ease of medication
administration, a gastrostomy tube was placed. At 40 days
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Table 1. Laboratory findings in the patient.

Normal values Day 2 Day 7 Day 40
Na (mmol/L) 135-145 141 123 145
K (mmol/L) 3.5-4.5 5.1 9 4.4
HCO3 (mmol/L) 20-28 22 17 23
Urine Na (mmol/L) 69 265
Urine K (mmol/L) 2.6 <2
Cortisol (mcg/dL) 2-11 12.7
17-OH progesterone 11-170 20
(ng/dL)
Plasma renin 2-35 93.96
activation
(ng/mL/h)
Aldosterone (ng/dL) <217 587.6
Sweat chloride <29 104; 118
(<29 mmol/L) on repeat

Day 7 of life represents the age of presentation. On day 40, the infant
started to have respiratory difficulty, despite normalization of electro-
lytes. The multisystem form of PHA was genetically confirmed shortly
after.

of age, the patient developed tachypnea and lowered
oxygen saturation requiring oxygen supplementation via
nasal cannula. Chest X-ray examination showed mild pul-
monary congestion. He responded quickly to a small dose
of hydrochlorothiazide. While the congestion may have
been the result of high salt and fluid intake, a systemic
form of PHA was entertained. A sweat chloride test was
obtained and repeated. Both measurements were markedly
elevated at 104 and 118 mmol/L (normal <29 mmol/L).

He was discharged at 3 months of age on an oral regi-
men of sodium chloride, sodium citrate, and sodium
polystyrene (total 17 mmol kg/day). He is currently
27 months old and has not required hospitalization
despite occasional self-limited upper respiratory tract
infections. Minimal dose adjustments have been made on
his medication regimen. His dietary management of
sodium and potassium has been complicated by the fam-
ily’s preference of a vegan diet. He is gaining weight well,
although continues to be small for his age, and is attain-
ing appropriate milestones.

Due to abnormally elevated sweat chloride despite nor-
mal IRT (immunoreactive trypsinogen) levels on state
newborn screening for cystic fibrosis, CFTR mutation
analysis using the CFTR-InPlex™ 40-mutation panel (Ho-
logic-Third Wave, Madison, WI, USA) was done. No
mutation was found in this limited panel offered as a sec-
ond tier test by the state of Kansas newborn screening
laboratory. In addition, the patient did not have cutane-
ous lesions (such as milaria rubra), nasal discharge or
gastrointestinal problems. Mutation analysis of the o-
ENaC gene encoded by SCNNIA [chrl2:6456009-
6484905, NM_001038] revealed two potentially deleteri-
c416G>A  (p.Argl39Lys) and

ous novel mutations:
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¢.1360 + 1G>T. Since the mutations lie within the exon/
intron splice consensus sequence, the mutations were pre-
dicted to destroy the normal splicing of exon 2 and 8
donor sites, respectively (Fig. 1). This was not confirmed
via RT-PCR since we did not have access to the patient’s
RNA. Since the mutation being described is an AR one,
neither parent was tested as they were expected to be
asymptomatic carriers.

Discussion

Over the past decade, the number of patient reports on
PHA 1(AR) had increased somewhat significantly, allow-
ing better understanding of the disorder. In 2005, Edel-
heit et al. reported 3 new patients, with 22 independent
mutations in the coding region of the oENaC subunit
known worldwide. Abnormal phenotypes have been
reported in all 3 subunits ranging from mild to severe
disease, but o-subunit involvement was most common.
Most of the mutations reported were typically single-base
deletion/insertion, or splice site mutation, all of which
were associated with severe phenotypes. Those patients
with missense mutations seemed to have a milder course
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[11, 12]. Numerous other novel mutations have been
since been reported in the literature, with varying disease
severity [13, 14]. In our patient, two novel splice site
mutations in SCNNIA were identified, both of which are
predicted to cause exon skipping and a shorter unstable
transcript. As expected, and while the patient had an
abnormal sweat chloride test, CFTR mutation analysis
was negative, therefore excluding cystic fibrosis as a possi-
ble explanation. In addition, his newborn screen for cystic
fibrosis using IRT was normal. This illustrates the fact
that patients with PHA 1(AR) are not expected to be
identified via abnormal newborn screening for cystic
fibrosis. CFTR gene analysis was not performed on the
whole gene, but this was not felt to be necessary, as the
gold standard for the diagnosis of CF remains to be a
compatible clinical diagnosis plus abnormal sweat chlo-
ride test. The clinical presentation (electrolyte abnormali-
ties), negative newborn screening (IRT) test as well
negative CFTR mutation panel strongly argue against CF
as a diagnosis.

The disease severity has been defined in the literature
as requiring frequent hospitalizations, persistent critical
salt wasting and potentially life-threatening hyperkalemia,
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Figure 1. Genomic DNA analysis of SCNNTA in the proband. Analysis shows a missense mutation in exon 2 (c.416G>A [p.Arg139Lys], left panel)
and a mutation in exon 8 (c.1360 + 1G>T, right panel), both of which are predicted to destroy splicing resulting in exon skipping. Mutated
nucleotide is highlighted and its position is indicated at the bottom of the tracing which is shown in duplicate.

328

© 2014 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.



G. K. Ahluwalia et al.

significant respiratory dysfunction and growth failure
[11]. The respiratory dysfunction is due to the inability to
absorb airway fluid properly, with resulting increased air-
way liquid volume, and impaired mucociliary function.
This results in a high incidence of lower respiratory tract
involvement, with repeated episodes of coughing, cyano-
sis, dyspnea, wheezing, and fever, similar to cystic fibrosis
[15, 16]. Based on our experience and review of the liter-
ature, we propose to define severity based on the presence
of sustained pulmonary disease and electrolyte imbalance,
as the outcome and long-term management can be drasti-
cally different. Our patient had a severe initial presenta-
tion; however, it was predominantly an electrolyte issue.
While still continuously needing sodium supplementation
(chloride, bicarbonate, and polysterene), he did not need
medication adjustments for almost 2 years. The patient
has had a few mild upper respiratory tract infections from
which he recovered fully within a few days and without
hospitalization, typical of any healthy infant.

Absence of significant pulmonary involvement in a
patient with severe salt wasting illustrates the complexity
of ENaC. Traditionally, the a-subunit is considered to be
the major component of the channel. For example, o-sub-
unit knockout mice die within 40 h of birth secondary to
respiratory distress [17]. However, transgenic manipula-
tion of the a-subunit in these knockout mice resulted in
low levels of ENaC that were sufficient to avoid pulmo-
nary demise yet, severe salt wasting persisted [10]. Clearly,
while ENaC is a major determinant of fluid and electro-
lyte balance in both lungs and kidneys, the presence of
other mechanisms unique to each organ may alter the
effect of a mutation [17, 18].

To go one step further in evaluating the broad pheno-
typic spectrum of PHA 1(AR), the experience with sponta-
neous clinical amelioration has been described. Hanukoglu
described a patient with a missense mutation, who had
clinical improvement after infancy, with smaller sodium
chloride supplementation requirements after 9 years of
age [12]. Dirlewanger et al. reported a preterm infant with
a homozygous missense mutation of the «-ENaC and salt-
wasting syndrome which resolved completely by 6 months
of age [19]. Interestingly, that patient’s sibling, born at
term with the same mutation was completely asymptom-
atic. A possible important compensatory mechanism
responsible for the clinical improvement was demon-
strated in a patient with mild AR-PHA, where investiga-
tors found an increased expression of the thiazide-
sensitive transporter (NCC), leading to increased absorp-
tion of sodium in upstream nephrons [20].

Overall, our experience, in addition to evidence
assessed in the literature, indicates a dichotomy of disease
severity and effect between renal and pulmonary manifes-
tations. While PHA1 (AR) is typically associated with

© 2014 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.
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multiorgan involvement, this may not be the case in every
patient, and the lack of pulmonary involvement certainly
improves long-term prognosis. Reporting of additional
patients with PHA1 (AR, AD) and long-term follow up,
in vitro studies of various ENac subunit mutations and
the identification of other genetic modifiers will likely
help us better understand this potentially life-threatening
disease and improve its management. Multiorgan involve-
ment should always be considered in infants presenting
with Type 1 PHA, and a positive sweat test supports this
AR form.
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