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Abstract

charge with normal serum sodium values.

should be considered a differential.

Background Renal salt wasting (RSW) is primarily seen with central nervous disorders and is characterized
by hyponatremia, elevated urinary sodium excretion, increased urine output, and hypovolemia. Although there have
been reports of RSW in children, it has not been reported in newborns.

Case presentation A term (38 weeks 2 days) female weighing 2060 g, born via normal vaginal delivery, to a primi-
gravida mother, was admitted to our neonatal intensive care unit. At birth, the baby was non-vigorous, had aspirated
meconium, and required bag-and-mask ventilation following which the baby cried. The child was put on CPAP

and inotropes for respiratory distress and shock, respectively, along with first-line antibiotics. Over the next few days,
the child was weaned off CPAP, inotropes were stopped, and feeds were started. On postnatal day (PND) 8, the baby
developed repeated episodes of seizures requiring two-antiepileptics followed by midazolam infusion, had shock
requiring inotropes, and also had a tense anterior fontanelle with altered sensorium and tone changes, for which
mannitol and 3% saline were given. Antibiotics were upgraded, and neuroimaging (MRI) revealed left basal-ganglia
bleed with intraventricular extension and cerebral venous thrombosis. The baby showed gradual clinical improve-
ment with the above measures and was restarted on feeds. However, from PND-19 onwards the baby had repeated
episodes of hyponatremia requiring 3% saline infusions, progressive weight loss, and polyuria. Considering RSW, urine
sodium was done which was high (110 mmol/L). For polyuria and weight loss, feed volume was increased, whereas,
for hyponatremia, table salt was added to the expressed breast milk (1 gm xtds). Subsequently, all the serum sodium
values remained within normal limits, and the baby started gaining weight and was discharged on similar advice
(PND 38). On further follow-up, table salt was gradually decreased in the feeds and was stopped after 1 month of dis-

Conclusion Management of recurrent hyponatremia in a neonate is challenging. Despite its rarity, RSW in newborns
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Background

Recurrent hyponatremia, defined as a series of episodes
of low serum sodium concentration, is a challenging con-
dition in neonates. Recurrent hyponatremia in neonates
is a relatively infrequent occurrence; however, the exact
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incidence remains largely unknown [1]. Causes include
the syndrome of inappropriate anti-diuretic hormone
secretion (SIADH), renal salt wasting (RSW) syndrome,
classical congenital adrenal hyperplasia, decreased effec-
tive plasma volume, primary polydipsia, etc. [2—4]. Renal
salt wasting (RSW) is primarily seen with central nervous
disorders, including brain tumors, head trauma, hydro-
cephalus, neurosurgery, and cerebrovascular accidents.
Hyponatremia (S.Na+ <130 mmol/L) is accompanied
by elevated urinary sodium excretion (>40 mmol/L),
increased urine output, hypovolemia, normal or high uric
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acid, suppressed vasopressin, and elevated brain natriu-
retic peptide concentrations. It is necessary to distinguish
it from SIADH as both have opposite treatments; SIADH
requires fluid restriction, whereas RSW needs saline
infusion [5]. Although there have been reports of RSW in
children, it has not been reported in newborns. Hereby,
we report a case of renal salt wasting in a term, low birth
weight neonate.

Case presentation

A term (38 weeks 2 days) female weighing 2060 g, born
via spontaneous normal vaginal delivery, to a primigrav-
ida mother with gestational diabetes (on dietary modi-
fication), out of a non-consanguineous marriage, was
admitted to our neonatal intensive care unit (NICU). At
birth, the baby was non-vigorous (APGAR score 1 min-
4/10; 5 min-7/10) and had aspirated meconium. Immedi-
ate bag and mask ventilation was started, following which
the baby cried; however, she was in visible respiratory
distress (Downe’s score was 5/10). She was put on bubble
CPAP with appropriate settings. In view of the positive
sepsis screen (Table 1) and shock (CRT >3 s; MAP < 5th
centile), empirical intravenous (IV) antibiotics (ampicil-
lin, amikacin) and inotropes were started, respectively,
along with other supportive treatments. Within 24 h, the
clinical condition started improving, and there was no
need for further escalation of therapy. By day 4, the baby
was weaned off CPAP and was shifted on oxygen by nasal
prongs; inotropes were tapered and stopped on the fol-
lowing day. The baby was gradually started on feeds and
was tolerating well.

Table 1 Initial laboratory work-up of the neonate

Lab parameters Patient value

Haemoglobin (g/dL) 186
Total leukocyte count (cells/mm?) 96x10°
Absolute neutrophil count (cells/mm?) 1250
I/T ratio 03
Platelets (/ul) 22%10°
Urea nitrogen (mg/dL) 8.6
Creatinine (mg/dL) 0.46
CRP (mg/dL) 6.8

ALT (1U/L) 229
AST (IU/L) 18
Blood culture Sterile
MicroESR (in first hour) 18 mm
Serum sodium (mmol/L) 137
Serum potassium (mmol/L) 45

pH 713
Lactate (mmol/L) 125
Bicarbonate (mmol/L) 109
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On the 8th post-natal day, the baby developed gener-
alized tonic seizures followed by a dip in the alertness
level. On evaluation, blood sugar (35 mg/dL) was low,
whereas, ionized calcium (1.24 mmol/L), serum sodium
(132 mmol/L), and potassium (4.2 mmol/L) were within
the normal range. Immediate correction of hypoglycemia
was done by giving a bolus of dextrose 10% along with
an increase in the glucose infusion rate of the mainte-
nance fluid. Despite these corrective measures, the baby
had repeated episodes of seizures for which antiepileptics
(phenobarbitone, followed by phenytoin) were started.
On clinical examination, the baby was dull; anterior fon-
tanelle was tense and bulging, with increased tone and
repeated posturing episodes. Repeat blood sugar values
were normal; however, seizures continued, requiring
levetiracetam and midazolam infusions. Considering
the possibility of meningitis, antibiotics were upgraded
(meropenem) and a blood culture was sent. Baby again
developed shock requiring inotropes (dopamine, adrena-
line). On day 9 of life, a USG skull was planned however,
it was inconclusive. Seizures were controlled on mida-
zolam infusion (3 pg/kg/min). The baby required man-
nitol, acetazolamide, and 3% saline infusion for features
of raised intracranial tension. In the following days, the
child remained seizure-free with increased tone in all
limbs, midazolam infusion was stopped on day 11. Addi-
tionally, there was a disproportionate increase in head
circumference on serial monitoring (1 cm/day) with a
tense anterior fontanelle and no improvement in sen-
sorium. On day 12, a contrast-enhanced MRI brain was
planned to look for the cause of seizures and altered
mental status, which showed left basal ganglia bleed with
intraventricular extension and watershed infarcts. MR
venography revealed cerebral venous thrombosis (CSVT)
involving the superior sagittal sinus, straight sinus, and
transverse sinus (Fig. 1). Thrombotic workup revealed
normal prothrombin and activated partial thrombin
time, thrombocytopenia (107,000/mm?) and anemia (Hb
10 g/dL). Workup for inherited causes of hypercoagulable
state was not possible due to financial constraints. Met-
abolic workup, including urine GCMS and blood TMS,
was negative. Thyroid profile was normal (TSH 4.51, total
T3 1.18 ng/mL, total T4 13.96 mcg/dL). Echocardiogra-
phy was normal. Blood culture had grown Candida spp.
for which fluconazole was added. Gradually, the child
started showing some improvement in mental status
and was started on orogastric feeds, followed by paladai
feeds.

On day 19, routine lab evaluation revealed serum
sodium 129 mmol/L, which further dropped to
123 mmol/L the next day. Blood pH (7.4), serum potas-
sium (4.3 mmol/L), and other electrolytes were within
normal limits. The child also became hypotensive again,
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Fig. 1 AT1W imaging showing left basal ganglia bleed. B MRI venography showing cerebral venous thrombosis involving superior sagittal, straight,

and transverse sinus

requiring fluid boluses and inotropes. Renal func-
tions were also normal (BUN 7 mg/dL, serum creati-
nine 0.2 mg/dL). Considering the possibility of STADH,
a weight chart was reviewed, which, however, showed
progressive weight loss over the last few days. Urine out-
put monitoring revealed polyuria (urine output 6.5 ml/
kg/h). The child also started vomiting; considering it
symptomatic hyponatremia, a 3% saline bolus was given,
followed by infusion at the rate of 0.1 ml/kg/h. Repeat
serum sodium values after 24 h showed improvement (S
Na 133 mmol/L). However, the next day serum sodium
again dropped to 118 mmol/L (Fig. 2A), requiring an
increase in the maintenance of 3% saline to 0.5 ml/kg/h.
Over the next few days, there were repeated episodes of
hyponatremia (Fig. 2A), persistent polyuria (Fig. 2B), and
progressive loss of weight (Fig. 2C). In view of these find-
ings, a possibility of renal salt wasting was considered
and a urine spot sodium was sent which was 110 mmol/L
(high). Serum and urine osmolality were 255 mOsm/kg
(low) and 430 mOsm/kg (inappropriately high), respec-
tively, consistent with RSW. Hypouricemia (S. urate
1.2 mg/dL) was also noted. For polyuria and weight loss,
initially, extra fluids were given, followed by increased
feed volume. For persistent hyponatremia, the baby was
started on oral table salt 1 gm per feed three times a day
(sodium 23 mmol/kg/day) on day 33 (via paladai). There-
after, the sodium values remained within the normal
range, weight gain started and the baby was shifted out of
NICU. In the following days, the baby developed proper
rooting, sucking, and swallowing coordination, and
hence, direct breastfeeding was started. Subsequently, the
baby was discharged in satisfactory clinical condition on
day 38 (serum sodium 137 mmol/L, weight 2340 g) with
advice to give a pinch (1 gm approx) of table salt 3 times a
day mixed with expressed breast milk and review weekly.

On follow-up visits, the serum sodium remained within
the normal range and the child was gaining weight. In
view of this, sodium supplementation was gradually
tapered and stopped after one and a half months. Subse-
quent serum sodium values remained normal.

Discussion
Recurrent hyponatremia in newborns is a condition char-
acterized by repeated episodes of low serum sodium lev-
els. Although transient and self-limiting, hyponatremia is
relatively common in neonates. Recurrent cases demand
special attention due to the risk of serious complications,
such as seizures, neurological impairments, and develop-
mental delays. The etiology of recurrent hyponatremia
in newborns is multifactorial and can be attributed to a
variety of causes, including SIADH, cerebral/renal salt-
wasting syndromes, and gastrointestinal fluid losses.
SIADH in children and neonates is generally associ-
ated with underlying conditions such as CNS disorders,
malignancies, infections, or drug-induced causes. The
primary mechanism involves inappropriate secretion or
sustained elevation of ADH levels, leading to impaired
free water excretion and subsequent hyponatremia. On
the other hand, RSW is a relatively rare condition, char-
acterized by renal salt wasting, leading to hyponatremia
and hypovolemia [6, 7]. The main causes of RSW include
intracranial disorders, trauma, and neurosurgical pro-
cedures. The mechanisms contributing to RSW involve
disrupted regulation of the renin—angiotensin—aldos-
terone system, as well as the release of natriuretic pep-
tides within the brain [8]. Diagnostic criteria include
hyponatremia, hypovolemia, polyuria with elevated urine
sodium levels, and decreased vasopressin levels. These
tests aid in differentiating RSW from other hyponatremic
conditions [5, 9, 10]. Additionally, cerebral imaging, such
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as cranial ultrasound or MRI, may be useful in detecting
accompanying IVH [2].

The present case was diagnosed as RSW based on the
clinical presentation of hypovolemia, together with labo-
ratory findings of hyponatremia, polyuria, hypouricemia,
and elevated urine sodium levels secondary to intraven-
tricular bleed and CSVT [7, 11]. SIADH was ruled out
because of the absence of euvolemia (progressive weight
loss and polyuria).

The possibility of acetazolamide-induced hyponatremia
was also kept which is a relatively rare adverse effect.
However, it is primarily observed in adults and rarely
reported in pediatric or neonatal populations [12]. Fur-
thermore, our case was already on acetazolamide long
before the development of these symptoms. Additionally,
these normal levels remained even after discontinuation
of oral sodium, despite the fact that acetazolamide was
still being administered at that point, thus, favoring RSW.

Among the reported causes of RSW in children, intrac-
ranial surgery, meningoencephalitis (most frequently
tuberculous) or head injury were the most common
underlying intracranial disorders [11]. However, no
clear-cut diagnostic criteria were used for most cases. To
the best of our knowledge, this is the first case of RSW
reported in a neonate. Alzarka et al. described persistent
hyponatremia in a neonate having congenital SIADH
associated with hypothalamic anomalies with chromo-
some 1q21.1 deletion syndrome [13]. The only report
from India by Srinivasan et al. described severe hypona-
tremia in a neonate with SIADH while on therapy with
theophylline and thiazide [14].

The long-term prognosis of neonatal RSW var-
ies depending on the severity of the initial brain injury,
timely intervention, and adherence to proper treatment
[15]. Longitudinal studies assessing the neurodevelop-
mental outcomes of affected neonates are necessary to
gain insights into the lasting effects of RSW on the devel-
oping brain [16, 17].

Conclusion

Recurrent hyponatremia in neonates presents a diag-
nostic challenge, necessitating a thorough evaluation of
potential underlying causes. While SIADH, genetic dis-
orders, and RSW can all contribute to hyponatremia in
neonates, careful clinical assessment, appropriate diag-
nostic criteria, and the exclusion of other aetiologies are
crucial in diagnosing and managing these cases. Fur-
ther research is required to understand the exact inci-
dence and optimal management strategies for recurrent
hyponatremia in this population.
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CPAP Continuous positive airway pressure
CRT Capillary refill time

CSVT Cerebral sinus venous thrombosis
\% Intravenous

IVH Intraventricular hemorrhage

MRI Magnetic resonance imaging
NICU Neonatal intensive care unit

PND Post-natal day
RSW Renal salt wasting
SIADH  Syndrome of inappropriate anti-diuretic hormone secretion
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