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Abstract

Hyponatremia, defined as a serum sodium concentration <135 
mmol/L, is associated with significant morbidity and mortality. Hypo-
natremia occurs in one third of preterm infants in the first week of life. 
The patient was a preterm infant born to a G2P0A1 mother at 25 weeks 
of gestation. The pregnancy was complicated by chlamydia infection 
and E-coli bacteriuria (both treated), as well as severe pre-eclampsia, 
for which labor was induced. The infant was born via vaginal delivery, 
with Apgar scores of 5 and 8 at 1 and 5 minutes, respectively. He re-
ceived continuous positive airway pressure in the delivery room and 
was admitted to the neonatal intensive care unit. By Day Of Life (DOL) 
3, E.coli bacteremia was noted and treated by antibiotics for 15 days 
and was complicated by hypotension, which responded to dopamine. 
Head Ultrasound (HUS) on DOL 7 demonstrated a bilateral periventric-
ular hemorrhagic infarction (Bassan score 2). Hyponatremia developed 
at DOL 25. Hyponatremia was attributed to syndrome of inappropriate 
Secretion of Antidiuretic Hormone (SIADH) and was treated by fluid 
restriction. On DOL 28 he presented with E. Coli meningitis, which was 
treated with a 21-day course of antibiotics. Hyponatremia persisted 
along with notable natriuresis (urine Na 176-213 mmol/L). Hypertonic 
saline was provided for 16 days. Hyponatremia and high natriuresis 
eventually resolved after progressive decrease in sodium intake and 
continued fluid restriction. In summary, this patient presented with an 
unusually prolonged SIADH associated with intraventricular hemor-
rhage and meningitis. 
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Figure 1: Serial changes in serum and urine chemical measure-
ments and fluid intake and output.
To obtain international units, multiply values in mg/dl by 0.0595 
for uric acid (mmol/L), by 88.4 for creatinine (micromoles/L) and 
by 0.357 for serum (blood) urea nitrogen (mmol/L).
The vertical lines show timings of measurements of FEU rate.

Introduction

Hyponatremia, defined as a serum sodium concentration 
<135 mmol/L, is associated with significant morbidity and mor-
tality [1]. Hyponatremia occurs in one third of preterm infants 
in the first week of life [2,3]. 

Case presentation

The patient was a preterm appropriate for gestational age 
infant born to a G2P0A1 mother at 25 weeks of gestation with 
a birthweight of 780 grams. The pregnancy was complicated 
by chlamydia infection and E-coli bacteriuria (both treated), as 
well as severe pre-eclampsia, for which labor was induced. The 
infant was born via vaginal delivery, with Apgar scores of 5 and 
8 at 1 and 5 minutes, respectively. He received continuous posi-
tive airway pressure in the delivery room and was admitted to 
the neonatal intensive care unit. 

He received surfactant, caffeine, a sepsis workup, ampicillin 
and gentamicin, and parenteral nutrition. By Day Of Life (DOL) 
3, E. coli bacteremia was noted and treated by antibiotics for 15 
days (meropenem followed by cefepime) and a short course of 
dopamine for hypotension. Head Ultrasonogram (HUS) on DOL 
7 demonstrated a bilateral periventricular hemorrhagic infarc-
tion (Bassan score 2) [4]. 

Hyponatremia (Na 126-133 mmol/L) developed at DOL 25 
(Figure 1). Hyponatremia was attributed to syndrome of Inap-
propriate Secretion Of Antidiuretic Hormone (SIADH) due to 
high urine osmolality (490 mmol/kg H2O), low serum osmo-
lality (266 mOsm/kg H2O) and normal urine output (3-4 ml/
kg/hour) in the absence of high Blood Urea Nitrogen (BUN) or 
Acute Kidney Injury (AKI). Hyponatremia was treated by fluid re-
striction. High urine Na concentration (150 mmol/L) was attrib-
uted to hypervolemia secondary to SIADH. Laboratory data did 
not suggest adrenal insufficiency and ruled out hypothyroidism. 

On DOL 28 he presented with hypotension, mottling and 
clinical seizures, due to E. Coli meningitis, which was treated 
with a 21-day course of antibiotics (meropenem followed by 
cefepime), fluid boluses and a short course of dopamine. Hy-
pertonic saline was started on DOL 29 with a total Na intake of 
15 mmol/kg/day while limiting fluid intake for SIADH. The dif-
ferential diagnosis included SIADH treated with high Na intake 
from hypertonic saline versus Cerebral Salt Wasting Syndrome 
(CSW); both are associated with concentrated urine, high uri-
nary Na concentration and high Fractional Excretion (FE) of 
urate (FEUrate) [5-8]. On DOL 32 [Postmenstrual Age (PMA), 
i.e., gestational age plus postnatal age, 30 weeks] urine osmo-
lality was 735 mOsm/kg H2O) and FEU rate was 80% (normal 
up to 75% at 29-32 weeks PMA [9,10]. The presumed diagnosis 
was SIADH and the plan was to maintain fluid restriction and to 
reduce Na intake progressively. On DOL 44 serum Na concen-
tration normalized. On DOL 45 hypertonic saline was stopped 
and Na intake reduced to 10 mmol/kg/day. On DOL 47 (PMA 32 
weeks) urine osmolality remained high at 590 mOsm/kg H2O, 
FEU rate was normal at 72% with a Na intake of 8.7 mmol/kg/
day. On DOL 49 FEUrate remained at 72% with a Na intake of 
6.7 mmol/kg/day. On DOL 51 urine osmolality decreased to 242 
mOsm/kg H2O) and serum Na concentration remained normal 
with a Na intake of 5 mmol/kg/day.

The patient developed food protein-induced enterocolitis 

treated with elemental diet. He later developed retinopathy of 
prematurity requiring laser surgery, and posthemorrhagic hy-
drocephalus, for which he received a ventricular reservoir and 
later a ventriculoperitoneal shunt. He was discharged home at 
4 months of age. 

a b

Discussion

Hyponatremia in preterm infants most often results from 
either fluid overload, negative sodium balance due to insuffi-
cient intake to compensate sodium loss via immature kidneys 
or both [3]. SIADH, a dysregulation of ADH secretion by the pos-
terior pituitary gland, is characterized by hyponatremia result-
ing from water retention due to increased water permeability 
in the renal collecting ducts. Increased natriuresis often occurs 
in SIADH because of volume expansion (typically with low BUN: 
Creatinine ratio) and contributes to hyponatremia. SIADH often 
occurs as a complication of cerebral injury via meningitis, neo-
plasia, or surgical/traumatic causes [5]. The main treatment for 
SIADH is fluid restriction. High natriuresis with SIADH is initially 
caused by SIADH-mediated hypervolemia and is treated with 
fluid restriction. Hypertonic saline is reserved for patients with 
severe symptomatic hyponatremia.

CSW or renal salt wasting syndrome is a much rarer process 
in children and infants [5-8]. CSW, a dysregulation of natriuresis, 
is characterized by volume depletion, hyponatremia, hypourice-
mia, inappropriately concentrated urine, high urine Na concen-
tration and high FEUrate. Most common causes of CSW include 
cerebral injury and craniofacial surgery [5-8). The pathophysio-
logic mechanism for CSW is incompletely elucidated. Treatment 
for CSW is generally fluid and Na supplementation.

Differentiating criteria between SIADH and CSW in children 
and infants include volume status, which often is inaccurate and 
unreliable, and serial measurements of FEUrate [5-8,11-14]. Be-
cause SIADH and CSW have similar presentations, the existence 
of CSW has been questioned [13-14]. Diagnosis of CSW can only 
be made based on stringent criteria including lack of volume 
expansion and persistence of a high FEUrate for age after cor-
recting hyponatremia and progressively stopping Na supple-
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mentation. Measuring FEUrate has limited usefulness in very 
preterm infants until reaching term corrected age because of 
lack of normal values at <28 weeks gestational age and high [50 
± 21% (mean ± standard deviation)] values up to 36 weeks PMA 
in preterm infants born at 28-34 weeks’ gestation [9,10]. Mean 
values of FE Urate decrease progressively from 70% at 29-32 
weeks to 39 ± 14% at 38-40 weeks PMA [9].

Duration of SIADH-related hyponatremia (19 days) and high 
urine osmolality (22 days) in this patient was much longer than 
SIADH in published case series of children with acute non-tuber-
culous bacterial (n=28) or enteroviral (n=9) meningitis, which 
resolves, respectively, within 10 days or 1.7 ± 1.9 days [15,16].

Declarations

In summary, this patient presented with an unusually pro-
longed case of SIADH associated with intraventricular hemor-
rhage and meningitis. Hyponatremia resulted from two mecha-
nisms associated with SIADH: Dilution and hypernatriuresis. The 
persistence of high natriuresis was likely due to high Na intake, 
which was reduced progressively. Eventually fluid and electro-
lyte disturbances resolved with fluid restriction and progressive 
reduction of Na intake.  
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