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AbS’[ra t Normal sodium levels in the extracellular fluid are in the range of 135-145 mmol/L. Low serum sodium (hyponatraemia) is
a common water and electrolyte balance disorder. Dehydration and overhydration are the most common causes of
hyponatraemia in children. This paper describes a case of a 2.5-year-old boy admitted to the paediatric ward due to
pneumonia. The child showed reluctance to fluid intake, hypoosmolar hyponatraemia with hypouricaemia, and increased
urinary sodium excretion in the absence of abnormalities in hydration status. He had a family history of persistent
hyponatraemia and hypertension in his grandfather. After excluding pituitary, thyroid, adrenal cortex pathologies, kidney
disfunction, and proliferative processes in the differential diagnosis, cerebral salt wasting syndrome, the syndrome of
inappropriate secretion of antidiuretic hormone and the renal-related syndrome of inappropriate antidiuresis were taken into
account. The aim of the study was to discuss the differential diagnosis of chronic euvolemic hyponatraemia and to draw
attention to the need for genetic testing for the nephrogenic syndrome of inappropriate antidiuretic hormone secretion
caused by activating point mutations of the vasopressin 2 receptor gene (V2R).

Keywords: hyponatraemia, nephrogenic syndrome of inappropriate antidiuresis (NSIAD), syndrome of inappropriate
antidiuretic hormone secretion (SIADH), cerebral salt wasting syndrome (CSWS), children

Stres 7czenie Prawidlowe stezenie sodu w plynie pozakomérkowym wynosi 135-145 mmol/l. Niskie stezenie sodu w surowicy (hiponatremia)
jest jednym z czestych zaburzen gospodarki wodno-elektrolitowej. U dzieci najczestsza przyczyna hiponatremii jest odwodnienie
lub przewodnienie. W niniejszej pracy opisano przypadek 2,5-letniego chiopca, ktéry zostat przyjety na oddzial pediatryczny
z powodu zapalenia pluc. U dziecka stwierdzono niech¢¢ do przyjmowania ptynéw, hiponatremi¢ hipoosmolalng
z hipourykemia, zwiekszone wydalanie sodu z moczem, bez zaburzen w stanie nawodnienia. W wywiadzie rodzinnym
odnotowano utrzymujacg si¢ hiponatremig i nadcisnienie tetnicze u dziadka chlopca. W diagnostyce réznicowej, po wykluczeniu
chordb przysadki mézgowej, tarczycy, kory nadnerczy, zaburzen funkcji nerek, proceséw rozrostowych, pod uwage brano zesp6t
utraty soli pochodzenia mézgowego, zespot nieadekwatnego wydzielania wazopresyny oraz nerkopochodny zespot
nieadekwatnej antydiurezy. Cele pracy obejmuja przedstawienie diagnostyki réznicowej przewlektej hiponatremii euwolemicznej
oraz zwrdcenie uwagi na potrzebe wykonywania badan genetycznych w kierunku nerkopochodnego zespotu nieadekwatnego
wydzielania wazopresyny, spowodowanego aktywujacymi mutacjami punktowymi genu receptora wazopresyny 2 (V2R).

Slowa kluczowe: hiponatremia, nerkopochodny zespét nieadekwatnej antydiurezy (NSIAD), zesp6t nieadekwatnego
wydzielania wazopresyny (SIADH), zesp6t utraty soli pochodzenia mézgowego (CSWS), dzieci
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Hyponatraemia — diagnostic difficulties in 2.5-year-old boy with nephrogenic syndrome of inappropriate antidiuresis. Case report

INTRODUCTION

ormal sodium levels in extracellular fluid are in
| \ ‘ the range of 135-145 mmol/L. Only 7% fluctu-
ations are tolerable!). As the main extracellular
cation, sodium determines plasma osmolality, maintain-
ing proper volume of the extracellular space. In clinical
practice, abnormal regulation of extracellular water (de-
hydration or hyperhydration) and, less often, sodium ex-
cess or deficiency, are the most common cause of impaired
natraemia in children®. Low serum sodium (hypona-
traemia) is a common disorder of water and electrolyte
balance.
The classification of hyponatraemia® is based on the fol-
lowing criteria:
1. serum sodium levels:
« mild hyponatraemia - 130-134 mmol/L,
« moderate hyponatraemia - 125-129 mmol/L,
« severe hyponatraemia — <125 mmol/L;
2. progression rate:
« acute hyponatraemia, with documented duration of
<48 hours,
« chronic hyponatraemia, lasting >48 hours and where it
is not possible to determine its duration;
3. the presence of clinical symptoms:
« symptomatic hyponatraemia,
« asymptomatic hyponatraemia;
4. plasma osmolality:
« hypotonic hyponatraemia,
« isotonic hyponatraemia,
« hypertonic hyponatraemia;
5. child’s hydration status:
« hyponatraemia with hypovolaemia,
« hyponatraemia with euvolemia,
« hyponatraemia with hypervolemia.
Hyponatraemia may be responsible for a wide range of
symptoms, mainly from the central nervous system (CNS),
ranging from mild to severe and even life-threatening.
The spectrum of symptoms includes, among others, nau-
sea, vomiting, bradyphrenia, distraction, headache, som-
nolence, convulsions, coma and even status epilepticus.
Cerebral oedema, which most often develops when sodium
levels are corrected too quickly, may be a dangerous com-
plication of acute hyponatraemia.
The variety of disorders accompanied by hyponatraemia
may contribute to diagnostic and therapeutic challenges.
In 2014, the European Renal Best Practice (ERBP)® guide-
lines for the diagnosis and treatment of hyponatraemia,
developed jointly by three scientific societies: European
Society of Intensive Care Medicine (ESICM), European
Society of Endocrinology (ESE) and the European Renal
Association — European Dialysis and Transplant Association
(ERA/EDTA) were published; the Polish version of these
guidelines was published in 2015®. We present this case
report to discuss the aetiological differentiation of chronic
normovolemic hyponatraemia.
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CASE REPORT

A 2.5-year-old boy was admitted to the paediatric unit.
He had a medical history of 3-day fever of up to 40°C, which
was followed by respiratory symptoms with mild dyspnoea.
Physical examination revealed auscultatory changes over the
lung fields: rales, crackles, tachypnoea, involvement of addi-
tional respiratory muscles (diaphragmatic and intercostal re-
tractions), and tooth decay. No oedema or other signs of hy-
perhydration or dehydration were observed. He had blood
pressure of 99/59 mm Hg, heart rate of 79 bpm, and diuresis
of 300 mL. Physical development parameters: height 93 cm
(25" percentile), body weight 12 kg (3 percentile), body
mass index (BMI) of 14.2 kg/m? (10™ percentile).

The boy was born from first pregnancy, first delivery (vaginal),
full term, with a birth weight of 2,848 g and an Apgar score of
10. The childs psychomotor development has been normal so
far, without a medical history of neurological symptoms, also
in the case of febrile infections. The boy was observed to reluc-
tantly consume water, had a very low intake of fluids (about
500 mL/day), but willingly consumed milk-based meals.

His family history revealed long-term hyponatraemia of
123-130 mmol/L with hypertension in his 62-year-old ma-
ternal grandfather; other immediate family members were
healthy, without ion disorders in laboratory tests.
Laboratory tests on admission to the district hospi-
tal showed that the boy had high inflammatory mark-
ers: C-reactive protein (CRP) 44.5 mg/dL, white blood
cell count (WBC) 19.7 thousand/pL and hyponatraemia
125 mmol/L (Tab. 1). Serum potassium, creatinine and urea
levels were normal. Red blood cells (5-10 in the field of vi-
sion) and ketones (+) were present in urine; transient glu-
cosuria was also found (473 mg/dL), with serum glucose
of 98-76 mg/dL. Chest X-ray showed severe peribronchi-
al changes, while abdominal ultrasound showed small hy-
perechoic reflections in the walls of the pelvicalyceal sys-
tem, without any signs of typical ultrasound deposits, which
were not confirmed in further tests.

Antibiotic therapy (intravenous cefuroxime), antipyretic treat-
ment and intravenous hydration with 0.9% NaCl were used.
Follow-up laboratory tests performed after hydration showed
persistent hyponatraemia (132 mmol/L), with normal potas-
sium, calcium, magnesium, phosphorus, and chlorine ions.
Low uric acid (1 mg/dL) was noticeable. Serum osmolality
remained at the lower limit of normal (295 mOsm/kg H,O);
urine osmolality was 756 mOsm/kg H,O. The boy was trans-
ferred to the nephrology department.

Subsequent laboratory tests performed in a good health condi-
tion of the child revealed hyponatraemia (125-132 mmol/L),
a tendency to hypochloraemia (91-96 mmol/L), and low
uric acid (1.1 mg/dL). Serum osmolality was reduced
(275-260 mOsm/kg H,0), urine osmolality was normal
(872-860 mOsm/kg H,0). Sodium level in the urine sample
was high, ranging from 86 to 194 mmol/L.

Serum thyroid hormones, adrenocorticotropic hormone,
cortisol, renin and aldosterone were within normal limits,
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Fractional excretion of sodium FE,, - -

Serum/plasma Day 1 (aft erI:lay)('ifati on) Day 12 Day 42 1year later 13 :ra\:;ths Reference
Sodium [mmolL s [ w [ s [ wm [ ow [ w [ s |
Potassium [mmol/L] 3.9 4.6 4.6 5.1 45 4.6 3.5-5.1
Phosphorus [mg/dL] - 49 58 54 4.8 51 3.9-6.5
Total calcium [mg/dL] - 9.8 9.9 10.6 9.9 103 8.7-10.8
Magnesium [mg/dL] - 2.1 2.1 2.2 2 23 1.5-24
Chlorine [mmol/L] - 98 _ 100 - _ﬂ
Creatinine [mg/dL] 0.47 - 0.20 0.20 0.20 0.28 0.20-0.47
Urea [mg/dL] 19.7 - 28 28 144 13.5 10.7-36.4
Uricacid [mg/dL] - 1.8-5.0
Serum osmolality [mOsm/kg H,0] - 295 275 275-295
Urine — a random sample
Urine osmolality [mOsm/kg H,0] - 756 872 - 628 - 275-900
Specific gravity 1.016 1.021 1.025 1.025 1.020 1.025 1.002-1.035
Na [mmol/L] - <30 mmol/L*

Fractional excretion of urinary acid FE;, - -

Blue background — decreased biochemical parameters.
Pink background — elevated biochemical parameters.

**\lalues dependent on glomerular filtration rate and sodium intake (see®®).

* No reference values for urine sodium (depending on the diet and clinical circumstances of the patient) (see®).

<0.5%**

Tab. 1. Patient’s blood and urinary findings

whereas serum copeptin (preprovasopressin) was found to
be very low (<2.7 pmol/mL) (Tab. 2).

Due to the family history of hyponatraemia with arterial
hypertension in the boy’s grandfather, genetic tests for type
I pseudohypoaldosteronism were conducted. Next gen-
eration sequencing (NGS) of CUL3, HSD11B2, KLHL3,
NR3C2, SCNNIA, SCNN1B, SCNN1G, WNK1, WNK4 re-
vealed no pathogenic or potentially pathogenic variants for
type I pseudohypoaldosteronism. Magnetic resonance im-
aging of the brain was performed and was normal. Due to
the low serum copeptin, genetic tests for activating mu-
tation of the type 2 vasopressin receptor gene were per-
formed, the results of which are still awaited (the material
was sent to a foreign centre).

The treatment involved limited fluid intake and adding salt
to meals.

DISCUSSION

In the presented case of chronic hyponatraemia, the prin-
ciples of multi-stage diagnosis of hyponatraemia were
followed.

1. Stage I - determining actual serum sodium

Plasma glucose should be measured in all cases and if
>100 mg/dL, the measured sodium should be corrected us-
ing one of the following formulas®*:
o corrected sodium = measured sodium [Na*] + 2.4 x
[glucose level [mg/dL] — 100 [mg/dL]] : 100 [mg/dL] or
o corrected sodium = measured sodium [Na*] + 2.4 x
[glucose level [mmol/L] - 5.5 [mmol/L]] : 5.5 [mmol/L].
This should be followed by differentiation between true and
pseudohyponatraemia based on plasma osmolality:
o 275-295 mOsm/kg H,O - pseudohyponatraemia;
o >295 mOsm/kg H,0 - non-hypotonic hyponatraemia;
o <275 mOsm/kg H,O - hypotonic (true) hyponatraemia.
Pseudohyponatraemia is characterised by normal plasma
osmolality and may develop as a result of hyperlipidaemia
or hyperproteinaemia. Sodium measurement using sodium
ion selective electrodes is error-free and reliable®.
Non-hypotonic, hyperosmolar hyponatraemia may oc-
cur with hyperglycaemia or after mannitol administration.
An increase in plasma osmolality due to high levels of glucose
or other osmotically active substances causes a shift of water
into the extracellular space, which decreases sodium levels.
True hyponatraemia is always associated with decreased
plasma osmolality and is hypotonic.

- Lyi Standi . . I . .
Hormone Copeptin ald o)sllzgon e | al d:sntelrr(])?l o Lying renin | Standing renin ACTH Cortisol TSH fT4
Reference 0.81-28.2 1.76-23.2 2.52-39.2 2.8-39.9 4.4-46.1 7-67.3 1.7-144 0.66—4.65 0.89-1.72
pmol/mL ng/dL ng/dL plU/mL plU/mL pg/mL pg/dL plU/mL ulu/mL
Result <27 14.7 9.64 13.7 9 20.9 6.6 1.31 1.07

ACTH — adrenocorticotropic hormone; fT4 — free thyroxine; TSH — thyroid-stimulating hormone.
* Preprovasopressin; reference values depend on blood osmolality.

Tab. 2. Hormonal findings in the patient
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( HYPONATRAEMIA )

v

| Rule out hyperglycemia and other causes I
of hyponatraemia

!

( HYPOTONIC HYPONATRAEMIA )

v
( <100 mOsm/kg H,0 )4—( Urine osmolality )
v v

( Primary polydipsia )

( >100 mOsm/kg H,0 )

R

Urinary sodium

)—

\4
( <30 mmol/L )
( Low effective blood volume )

!

Increased ECF volume:
« nephrotic syndrome

« heart failure

« hepatic cirrhosis

~

Decreased ECF volume:
« diarrhoea and vomiting
« third-space fluid shift

« diuretics

J

The red arrows show the subsequent diagnostic steps in the boy.

ECF — extracellular fluid; SIADH — syndrome of inappropriate antidiuretic hormone secretion.

A/
( >30 mmol/L )
( Diuretics or kidney disease? )—V( YES )

Decreased ECF volume:

« vomiting

- primary adrenal insufficiency

- renal salt wasting syndrome

- cerebral salt wasting syndrome

Normal ECF volume:

« SIADH

- secondary adrenal insufficiency
« hypothyroidism

Fig. 1. Diagnostic algorithm for hyponatraemia (author’s modification according to)

The described patient had normal blood glucose, sodi-

um ranging from 120 to 132 mmol/L, no lipid disorders,

and normal proteinogram, which excluded pseudohypo-

natraemia. Borderline plasma osmolality was observed —

275 mOsm/kg H,0, and even 260 mOsm/kg H,O in sub-

sequent tests; therefore, hyponatraemia was classified as

hypotonic (true).

2. Stage II - an assessment of the patient’s hydration sta-
tus to diagnose hyponatraemia:

« hypovolemic with true sodium deficiency;

» normovolemic (euvolemic);

o hypervolemic (water intoxication; dilutional
hyponatraemia).

Since our patient showed no signs of overhydration or de-

hydration, only the causes of hypotonic, normovolemic/

euvolemic hyponatraemia were considered in further

differentiation.

3. Stage III - search for the causes of hypotonic and nor-
movolemic hyponatraemia

At this stage, urine osmolality and the amount of sodium

excreted in a random urine sample should be determined,

PEDIATR MED RODZ Vol. 18 No. 3, p. 290-296

the collection of which should be timed with blood sam-
pling, so that the interpretation of the obtained findings is
correct (Fig. 1).

The patient had urine osmolality of >100 mOsm/kg H,O
and sodium excretion of >30 mmol/L. Kidney function was
normal. It should be noted that kidney diseases make the
differential diagnosis of hyponatraemia very difficult, as
urine osmolality and sodium excretion may be disturbed
and fail to reflect normal relationships in water and sodi-
um balance.

The differential analysis of the causes of hypoosmolar, hy-
potonic and normovolemic hyponatraemia in the described
patient included endocrine disorders, salt-wasting syn-
dromes and syndromes of inappropriate antidiuretic hor-
mone secretion.

Thyroid hormones, ACTH, cortisol, renin and aldosterone
remained within the normal range, which allowed to ex-
clude hypothyroidism, pituitary, primary/secondary adre-
nal insufficiency. Genetic testing ruled out type I pseudohy-
poaldosteronism. Brain imaging was normal. Low copeptin
was noticeable.

DOI: 10.15557/PiMR.2022.0045
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Parameters CSWS SIADH NSIAD
Serum sodium 12 ¥ ¥
Urine sodium t t t

Serum osmolality Yor= 12 12

Urine osmolality tor= t tor=
Urine volume t Yor= ¥

Serum antidiuretic hormone t t ¥ / undetectable
Hydration status Yor= - -

(SWS — cerebral salt wasting syndrome; SIADH — syndrome of inappropriate antidiuretic hormone secretion; NSIAD — nephrogenic syndrome of inappropriate antidiuresis.

Tab. 3. Typical features of CSWS, SIADH, NSIAD

Copeptin (CT-proAVP) is a 39-amino acid polypeptide,
which is the C-terminal fragment of provasopressin. It is
currently considered a clinically useful surrogate marker
for arginine vasopressin (AVP) as, unlike AVDP, it has a long
half-life and does not bind to platelets™®. It is found in plas-
ma at a higher level than AVP, and its value closely corre-
lates with plasma AVP.

Further diagnosis considered the possibility of cerebral salt
wasting syndrome (CSWS), nephrogenic syndrome of inap-
propriate antidiuresis (NSIAD) and syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH) (Tab. 3)@#%19,

« CSWS

This disorder develops in patients with CNS damage, most
often after neurosurgical procedures, as a result of sub-
arachnoid bleeding; in the course of meningitis, tuberculo-
sis meningitis in particular, and neoplastic processes.

The pathomechanism of CSWS has still not been fully ex-
plained; however, increased sodium loss in the urine, lead-
ing to polyuria and reduced intravascular volume, which
stimulates baroreceptors and increases the secretion of na-
triuretic peptides, is its characteristic feature.
Hyponatraemia in CSWS is secondary to natriuresis rath-
er than increased water retention. The observed increase
in AVP may cause the transition of the hypovolemic phase
of the disorder into the euvolemic phase; therefore, CSWS
was considered in the differential diagnosis in the described
case.

The diagnosis of CSWS is based on decreased plasma os-
molality with concomitant urinary hyperosmolarity and in-
creased excretion of sodium in the urine®”. Polyuria, which
was not present in our patient, is typically seen in CSWS.
On the contrary, the boy reluctantly consumed fluids and
passed small amounts of urine.

- SIADH

Excessive secretion of antidiuretic hormone in relation to
plasma osmolality is the essence of this disorder. As a re-
sult, the amount of urine excreted is reduced by its excessive
concentration, which in turn leads to dilution hyponatrae-
mia and euvolemia with accompanying plasma hypoos-
molality. Additionally, urinary hyperosmolarity, increased
excretion of sodium in the urine, and increased fraction-
al excretion of uric acid are present (FE, >12%) (Tab. 4).
Laboratory work-up shows normal parameters of kidney,
adrenal and thyroid function.

DOI: 10.15557/PiMR.2022.0045

Cancer, injuries, CNS pathology, pneumonia, and cer-
tain medications lead to the development of SIADH.
Fluid restrictions combined with salt intake are used in
the treatment of SIADH. Once hyponatraemia is correct-
ed, additional furosemide may be used. Vaptans (tolvap-
tan, conivaptan), which may be used in adults, are not
approved for children.

Although the boy met the diagnostic criteria for SIADH,
one of its subtypes (NSIAD) was contemplated due to his
family history of hyponatraemia.

o NSIAD

NSIAD is a rare disorder caused by a point mutation
of the vasopressin receptor (V2R) gene located on the
X chromosome, most often at R137C and R137L, but also
at F229V, I130N, L3128, resulting in constitutive acti-
vation of type-2 vasopressin receptor (V2R)(C). The dis-
order manifests with hyponatraemia, euvolemia, plasma
hypoosmolality with concomitant urinary hyperosmolal-
ity, increased natriuresis and increased fractional excre-
tion of uric acid (FE,).

The clinical picture is similar to that of SIADH; therefore,
NSIAD is considered one of its subtypes. Low or undetect-
able AVP in NSIAD, which in turn is high in SIADH, is
a feature differentiating both diseases. Fluid restriction and
sodium normalisation may increase AVP, because then its
secretion is not inhibited.

Although NSIAD usually manifests in early infancy, the
diagnosis may not be reached until adulthood. Adult pa-
tients are usually asymptomatic or develop only mild symp-
toms!?). Water stress test may be useful for diagnostic pur-
poses in elderly and asymptomatic patients. Patients with
NSIAD are not able to remove excess water from the body,
which further aggravates hyponatraemia. However, the test
is not recommended for neonates and infants.

AVPR2 sequencing is performed to confirm the diagnosis.
About 30 cases of NSIAD have been described worldwide
since the first diagnosed case of the syndrome in 20050417,
A familial/genetic predisposition to NSIAD is possible, but
sporadic cases may be also observed.

The therapy is primarily based on fluid restriction, which
is most controversial in the case of newborns and small in-
fants due to the limited possibilities of reducing the intake
of breast milk or formulas while maintaining an adequate
daily caloric requirement.

PEDIATR MED RODZ Vol. 18 No. 3, p. 290-296
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Primary criteria for syndrome of inappropriate antidiuretic hormone secretion

v’ Effective serum osmolality <275 mOsm/kg H,0

v Urine osmolality >100 mOsm/kg H,0 with reduced effective
osmolality

v" Euvolemia (in clinical evaluation)

v Urine sodium >30 mmol/L with normal dietary sodium and water
intake

v" No adrenal, thyroid, pituitary or renal failure

v" No use of thiazide diuretics

Supplementary criteria

v" Serum uric acid<0.24 mmol/l (<4 mg/dL)

v/ Serum urea <3.6 mmol/L (<21.6 mg/dL)

v Failure to correct hyponatraemia with intravenous infusions (0.9% NaCl)

v Fractional excretion of sodium — FE,, >0.5%

v Fractional excretion of urea — FE,,, >55%

v Fractional excretion of uricacid - FE,, >12%

v Correction of hyponatraemia by limiting oral fluid intake

(riteria met by the patient are given in bold.

Tab. 4. Diagnostic criteria for the syndrome of inappropriate anti-
diuretic hormone secretion, taking into account the patient’s
laboratory findings (author’s modification according to™)

In the case of NSIAD, oral preparations of urea, which stim-
ulate osmotic diuresis, proved to be effective both in adults
and children®. Urea preparations reduce natriuresis by
maintaining water removal. They may be particularly use-
ful in children in whom severe fluid restriction may be dan-
gerous or difficult to achieve. They are effective, safe and in-
expensive. Additionally, they may be used over a long time.
Difficulties in diagnosing chronic hyponatraemia in the
presented case resulted from the fact that, despite meeting
the criteria for SIADH, the cause of this syndrome could
not be clearly determined due to normal brain magnet-
ic resonance imaging, lack of injuries or a history of CNS
diseases.

On admission, the boy presented with signs of pneumonia,
which theoretically may result in SIADH, but this is usually
seen in severe pneumonia with complications. Furthermore,
SIADH is a transient condition, whereas chronic hypona-
traemia was observed in the described patient.

No polyuria was found in the patient, which ruled out
CSWS.

The history of the child’s reluctance to drink water and poor
urine excretion were more typical of NSIAD than SIADH.
Low copeptin (preprovasopressin) was indicative of NSIAD.
The final diagnosis of NSIAD in this case may be confirmed
by a genetic test for an activating mutation of the vasopres-
sin receptor (V2R) gene located on the X chromosome, the
results of which are still awaited.

CONCLUSIONS
Correct determination of the aetiology of euvolemic hy-

ponatraemia may pose challenge, especially in its chronic
form, which may be determined genetically.

PEDIATR MED RODZ Vol. 18 No. 3, p. 290-296

A thorough family history may be helpful in finding the
cause of hyponatraemia.

NSIAD is a very rare disorder; however, it should be consid-
ered in a situation where the patient meets the criteria for
hypotonic hyponatraemia, euvolemic hyponatraemia and
SIADH syndrome, the cause of which cannot be explained.
Undetectable or very low levels of vasopressin are the hall-
mark of NSIAD. Genetic testing to search for mutations as-
sociated with NSIAD should be performed to confirm the
diagnosis.
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