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INTRODUCTION

The sodium and water balance is regulated by many hormonal and neuronal circuits that cooperate
for the maintenance of serum sodium and osmolality within the normal ranges [1-7]. This smart
regulation explains the fact that sodium homeostasis imbalance represents the commonest
electrolyte alteration in hospitalized children [8-9]. Sodium is the main electrolyte in the
extracellular fluids and it is fundamental for many tissues wellness, above of for neurons and for the
growth plate cartilage; its derangements influence neuropsychomotor development and growth in
very young patients [10-13]. Rapid fluctuations in sodium serum levels are associated with
symptoms that vary in relation to hypo or hypernatremia severity, ranging from asymptomatic states
to failure to thrive, anorexia, nausea, vomiting, headache, seizures, irritability, confusion,
hallucinations, seizures, coma, and even death.

In patients with hypothalamic-pituitary lesions, the cerebral tumor mass harms the neuroanatomical
circuits of AVP release and exposes these children to sodium metabolism derangement in higher
ratio with respect to pediatric patients affected by blood cancer, solid non-cerebral tumors or even
other cerebral tumors not affecting the pituitary region (e.g. medulloblastoma or ependimoma). On
the other hand, the medical/surgical treatment enhances the risk to develop sodium metabolism
disorders by influencing the AVP system release. The most frequent tumor masses of the pituitary-
suprasellar region are craniopharyngioma, ganglioglyoma and germinoma, accounting for about
10% of all brain tumors in childhood [14]. Pediatric patients affected by these types of tumors are at
high risk of hyponatremia and hypernatremia at any time, before tumor diagnosis, during and after
neuro-surgery, during chemotherapy or radiotherapy and in case of disease relapse [13-15]. The
major risk factors are related to the age, i.e. the younger is the patient the more frequent and severe
is the hyponatremia or hypernatremia, to the tumor site, i.e. more frequent in case of pituitary and
stalk involvement, to the neurosurgery of pituitary or suprasellar area, to the neuroanatomical
integrity of thirst circuits, to the type of chemotherapy drugs, i.e. vincristine, cyclophosphamide,
carbamazepine, opioids, methotrexate, and even to the hypotonic fluids usually prescribed during
chemotherapy and radiotherapy. The often associated nausea promotes AVP secretion, leading to a
hyponatremic state further worsened by the vomiting.

The syndrome of inappropriate ADH secretion (SIADH) and the cerebral/renal salt wasting
syndrome (C/RSW) represent the most frequent hyponatremic disorders in oncologic pediatric
patients [16-23]; conversely, central diabetes insipidus (CDI) and the adipsic CDI are the main
hypernatremic ones [13,15,24].

These conditions can acutely or chronically occur, can be transient or persistent and may be

associated with any hormonal deficiency from the anterior pituitary (ACTH, TSH, GH or LH/FSH



deficiency), hypothalamic obesity or more rarely with precocious puberty, gonadotropin-dependent
or B-human Chorionic Gonadotropin (BhCG)-induced.

Since either hyponatremia and hypernatremia can be associated with severe neurological symptoms
and cellular damage, a prompt diagnosis and treatment are fundamental to overcome the related
sequelae. Recent literature data indicate that sodium homeostasis maintenance has a prognostic role
in term of disease survival, therapeutic response, hospitalization rate and even mortality [10-13, 25,
26].

The aim of this paper is to review the management of sodium homeostasis disorders in children
affected by pituitary-suprasellar tumors and to discuss about the main challenges in the diagnosis
and treatment of these conditions on the basis of literature data and of over 30 years of clinical
experience at our Pediatric Endocrinology Department.

HYPONATREMIA CLINICAL MANAGEMENT.

Definition.

Hyponatremia is defined by serum sodium below 135 mmol/L; it can occur in case of sodium net
loss or volume overload. In relation to the volemic state hyponatremia may be euvolemic,
hypovolemic or hypervolemic, whereas by considering the severity it can be classified as mild (134-
130 mmol/L), moderate (129-124 mmol/L) and severe (<124 mmol/L).

Clinical and biochemical evaluation.

The clinical management of hyponatremia is represented in figure 1. Urinary output and sodium
content of eventually administered intravenous fluids, as well as orally ingested fluid amounts have
to be accurately quantified; any drug interfering with serum sodium levels have to be considered as
well. At first, evaluation of thyroid and adrenal dysfunction is needed to exclude hypothyroidism or
hypocortisolism, and has to be corrected. Further biochemical evaluations should include blood
count, serum potassium, creatinine, urea, osmolality and copeptin values, urine density and

osmolality, and sodium excretion.

Clinical management of the main hyponatremic conditions
Hypothyroidism or hypocortisolism. Primary or secondary hypothyroidism or hypocortisolism
may occur in patients affected by brain tumors due to hypothalamic/pituitary surgical or radiation

injury or chemotherapy agents [24]. Thus, thyroid and adrenal function have to be assessed in case



of hyponatremia and eventual substitutive treatment has to be started as soon as possible, with L-

Thyroxine (1-4 mcg/kg/daily) and/or Hydrocortison (10 mg/m?/daily).
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Figure 1. Clinical management of hyponatremia in children with pituitary-suprasellar tumors
Tabella:

Prima box in basso 2recurrent episodes of severe hyponatremia
Quarta Box in basso =2 evaluate in relation to...

Quinta box in basso = drug; otherwise fluid restriction and sodium supplementation

Syndrome of inappropriate secretion of ADH (SIADH). The syndrome of inappropriate
secretion of ADH (SIADH) is a condition of euvolemic hyponatremia [35]. The typical presentation
includes hyponatremia (<135 mmol/l), low serum osmolality (<275 mOsm/kg), inappropriate high
urine osmolality (>100 mOsm/kg) and euvolemia with diuresis contraction and lowered osmotic
threshold for thirst. No water retention symptoms are usually present, as normally only one third of
the body water content is in the extra-cellular compartment. SIADH is mainly a chronic condition,
but in oncologic patients it often represents an acute and dramatic event, difficult to manage.

The treatment of chronic hyponatremia due to SIADH requires fluid restriction (20 ml/kg/24 hours
or about 500 ml less than daily urinary output), while the treatment of acute and severe
symptomatic hyponatremia may need intravenous sodium supplementation through hypertonic

solutions [37-45]. Obtaining or maintaining fluid restriction is often a challenge for the poor



compliance of these subjects that have a lower thirst threshold [45]. In our experience, many times
fluid restriction is difficult to achieve also for the concomitant use of other therapeutic agents (e.g.
antibiotics or chemotherapics needing larger amounts of fluids) or for the high proportion of fluids
administrated to preserve kidney function. In these cases orally sodium supplementation (1-2 g/day)
could also be necessary.

When the underlying disease responsible for the SIADH is a chronic condition, i.e. a large tumor
mass in the suprasellar region, a chronic hyponatremia with potential severe neurological symptoms
as seizures and consciousness alteration may occur. This complication is the one that may drive the
decision to use a drug-class called vaptans, aquaretic agents able to induce poliuria [46-47]. For that
regimen children have to be hospitalized, starting with a low-dose; afterwards, the dosage should be
modulated by monitoring serum sodium and urine output for at least 48-72 hours. To avoid rapid
fluctuation of serum sodium level, during this regimen patients can have free access to water, but
should be strictly monitored for sodium and osmolarity changes, and previous hyponatremia
treatments need to be progressively withdrawn. Usually serum sodium normalized in 24-48 hours,
while urinary output stabilized in 15-20 days, for the electrolyte-free aquaresis caused by
tolvaptans. However, few studies have so far been published on tolvaptan utilization in the pediatric
age; for patients under 18 years of age, both in Europe and in the USA, nowadays it is considered
an off-label drug. In euvolemic SIADH-related hyponatremia in the pediatric age, even if actual
data indicate a good efficacy and safety, further studies are needed to strengthen these preliminary
results [46-50].

Cerebral/renal salt wasting syndrome (C/RSW). The cerebaral salt wasting (CSW) syndrome,
more correctly defined as cerebral-renal salt wasting syndrome (C/RSW), is a hypovolemic
hyponatremic acute condition whose pathogenetic mechanism is still controversial. It seems related
to a reduction of renal sympathetic stimulation, in which brain natriuretic peptides are also
involved, through the suppression of renin, aldosterone and AVP secretion [13, 19-22, 36]; the final
result is renal sodium resorption decrease, with consequent hypovolemic state. In C/RSW, the
hypovolemic stimulus is more effective on AVP secretion than the hypo-osmolar one; the AVP
release is then responsible of the hyponatremic state despite the low serum osmolality. Typical
features of this condition are hyponatremia, hypovolemia and renal sodium loss with consequent
increased diuresis and high urine osmolality. In some cases, it is very challenging to distinguish
C/RWS from SIADH, as the volemic state is the only marker that allows the definite diagnosis;
hypovolemia is present in the C/RSW, whereas euvolemia is typical of the SIADH condition. The

main clinical and biochemical features of SIADH and C/RSW are represented in Table 1.



Table 1. Main clinical and biochemical differences between SIADH and C/RSW [13, modified].

SIADH C/RSW
Body weight Increased Stable or decreased
Arterial blood pressure Stable or increased Decreased
Dehydration No Yes
Serum sodium Decreased Decreased
Urine sodium Increased Increased
Urine output Decreased Increased
Serum osmolality Decreased Decreased
Urine osmolality Increased Increased
Urine osmolality/serum osmolality >1 >1
Serum urea Decreased Normal/Increased
Serum uraete Decreased Increased
Hematocrite Decreased Normal/Increased
Serum ADH Increased Firstly decreased and then increased
(but lower than in SIADH)
Firstly decreased and then increased
Serum copeptin Increased )
(but lower than in SIADH)
Serum natriuretic peptide Increased Increased
Serum copeptin/urinary sodium
<0.3 >0.3

ratio

The C/RSW treatment requires fluid and salt supplementation in order to sustain circulation and
renal sodium loss [13,15]. Daily sodium supplement is showed in Table 2, whereas fluid need is
larger, amounting at 80-100 ml/kg/day. When hyponatremia persists fludrocortisone at 0.025-1
mg/day may be used.



Table 2. Daily sodium intake in relation to hyponatremia.

Serum sodium (mmol/l) Sodium daily administration
130-135 2-3 mmol/kg/day
124-130 5-6 mmol/kg/day

<124 6-10 mmol/kg/day

A rapid serum sodium correction has to be avoided; the gold standard sodium correction over time
should be of 4-6 mmol/l in the first 4-6 hours, of 10-12 mmol/l in the first 24 hours, <18 mmol/l in
the first 48 hours [13, 50].

Hypotonic fluids and drug-related hyponatremia

To avoid sodium and water homeostasis imbalance and to promptly adapt the d-DDAVP dosage in
patients affected by CDI, serum sodium and osmolality, urinary osmolality and urinary output have
to be carefully monitored during chemotherapy or radioteraphy. The main risk factors during
chemioterapy are the high rate of hypotonic maintenance fluids at which the subject are subjected,
the use of potential ADH-like drugs (e.g. vincristine, vinblastin, iphosphamide and cysplatin) and
the nausea/vomiting-induced SIADH; during radiotherapy, the neuronal tissue inflammatory state
and/or the tumor mass volume modification may lead to C/RSW in exceptional cases [34].

Indeed during chemotherapy large amounts of fluids are required to preserve kidney functionality
and to avoid chemotherapics toxicity; however, hypotonic fluids have to be avoided in patients
affected by brain tumors in pediatric age, especially when the neuroanatomical circuits of thirst and
AVP release are injured. From our personal experience, even supported by literature data, in that
situation the gold standard maintenance fluids are represented by isotonic solutions [52, 53].

In patients with CDI and concomitant SIADH, fluid restriction is needed and 1-deamino-8-D-
Arginine-Vasopressin (d-DDAVP) dosage reduction or temporary withdrawal is indicated; in case
of C/RSW the main challenge is to interpret the worsening of polyuria, by differentiating an
insufficient d-DDAVP dosage from coexisting of the CDI and C/RSW conditions [54-56]. Low
urine sodium and low urine osmolality should help in orienting towards a d-DDAVP dose increase;
high urine sodium and high urine osmolality should drive the decision to administer fluids and
sodium and eventually reduce the d-DDAVP dosage.




HYPERNATREMIA CLINICAL MANAGEMENT
Definition.
Hypernatremia is defined as serum sodium levels above 145 mmol/L and occurs in presence of

sodium excess, pure water loss or low fluid intake.

Clinical and biochemical evaluation.

The clinical management of hypernatremia is represented in figure 2. Urinary output and sodium
content of eventually intravenous administered fluids as well as the oral ingested fluid amount and
the thirst sensation have to be accurately quantified. Any drug interfering with serum sodium levels
have to be considered as well. The further biochemical evaluation should include a serum sample
for blood count, potassium, creatinine, urea, osmolality and copeptin and an urine sample for

density, osmolality and sodium.
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Figure 2. Clinical management of hypernatremia in children with pituitary-suprasellar tumors
Tabella:
Ultima box in alto a dx = fixed fluid ingestion and d-DDAVP administration



Seconda fila, box centrale = evaluate intravenous fluid with sodium rate and content
Terza fila, ultima box a dx = d-DDAVP treatment in patients with CDI

Clinical management of the main hypernatremic conditions

Central Diabetes Insipidus (CDI). Central diabetes insipidus (CDI) is clinically characterized by
polyuria-polydipsia with extremely diluted urine excretion, inability to concentrate urine due to
AVP deficiency, and consequent compensatory polydipsia [27,33,57,59]. When the compensatory
mechanism of polydipsia fails, dehydration, vomiting, fever, irritability, sleep disorders and failure
to thrive develop.

Serum sodium, osmolality and copeptin and urine osmolality are required as a first step biochemical
evaluation when CDI is suspected [27, 33, 57]. Serum sodium >145 mmol/l, serum osmolality >300
mOsm/kg and urine osmolality <300 mOsm/kg are indicative of the condition. The standard
diagnosis of CDI requires water deprivation test and desmopressin (1-deamine-8-D-arginin-
vasopressin, DDAVP) test to distinguish CDI from nephrogenic DI or primary polidipsia, but in
patients with already diagnosed brain tumors it is not necessary. The most frequent tumoral lesions
on the pituitary area causing CDI are germinoma, Langerhans cells histocytosis and pinealoma [13].
Neurosurgical injury of the pituitary stalk and/or of the neurohypophysis is another common cause
of acquired CDI, especially when a large tumor in the sellar/suprasellar region is present, as in case
of ganglioglyoma or craniopharyngioma. The CDI onset mostly depends by the neuro-surgeon
approach (trans-cranial vs trans-sphenoidal) and by the resection wideness (conservative vs
destructive). CDI may be permanent in case of AVP-releasing neuronal loss or transient during the
neurosurgery or in the next post-operative hours. In 3.4% up to 22.5% of cases a “triphasic” pattern
which can be present: transient CDI is present in the first 24-48 hours after the surgery, for the
edema and pituitary stalk inflammation; subsequently, a 1-10 days lasting phase is characterized by
neurohypophyseal cell necrosis and consequent AVP-stored secretion causing SIADH; the third
phase, occurring when more than 90% of neurohypophyseal function is lost, is characterized by a
permanent CDI and happens in up to 75-85% of patients undergoing sella/suprasellar neuro-surgery
[13, 15, 27-28, 33, 55]. Patients that have experienced the “triphasic” pattern usually develop
permanent CDI [28]; thus, neurosurgery is an important step in pituitary/suprasellar tumors
treatment and sodium and fluids management during the intra and post-operative phase is quite
challenging as both hypernatremia or hyponatremia may occur [61].

In children with pre-existing CDI, d-DDAVP is regularly administered in the 6-12 hours before

surgery, whereas in children without pre-existing CDI, copeptin measurement may orientate



10

towards the probability of developing CDI [60]. To avoid intra-operative water intoxication in
patients with CDI, in the morning of surgery the d-DDVAP treatment should be interrupted.
Regardless of previous conditions of sodium metabolism imbalance, during neurosurgery fluids
infusion rate and concentration are calculated on the basis of hourly registered serum sodium,
diuresis and urinary osmolality; when serum sodium is >147 mmol/l and urine osmolality <300
mmol/kg H20 and urinary output >2.5 ml/kg/h for more than 2 hours, in children < 2yrs or > 2 yrs
of age 0.5-1 mcg of d-DDAVP should be intravenously administered, respectively.

In the 24 hours after surgery, serum sodium and osmolality, urinary osmolality and output are
measured and recorded every 4 hours; hydro-electrolytic infusion is calculated on the basis of the
aforementioned criteria as during the neuro-surgery and intravenous d-DDVAP is administered
when necessary, until patients wake-up and experience a sense of thirst.

Furthermore, during the intra-and post-operative period (24-48 hours) continuous intravenous
hydrocortisone at stress dosage is administered.

When the clinical conditions allow oral ingestion, the hydro-electrolytic infusion should be
progressively reduced, oral intake of fluids progressively increased and eventual hormonal
substitutive treatment for hypothyroidism, hypocortisolism and CDI administered again by mouth
[14].

To detect and treat late hyponatremia or transient/permanent diabetes insipidus, sodium and water
metabolism should be then evaluated up to 7-14 days after surgery [15,16,58].

The treatment of permanent CDI consists of d-DDAVP, which can be orally, sublingually,
intranasally or intravenously administrated [27, 33, 57, 59]. Actually, the most used way for oral
treatment is the sublingual formulation, with an initial dose of 1-4 mcg/kg/day in 2-3
administrations, starting with the lowest dose for the high renal response to increase it later, on the

basis of polyuria-polydipsia signs and serum sodium levels.

Adipsic central diabetes insipidus (aCDI). The adipsic central diabetes insipidus (aCDI) is a
particular form of CDI caused by hypothalamic osmoreceptors, supraoptic/paraventricular or
neurohypophyseal nuclei injuries. Despite serum osmolality increase, patients lacks thirst sensation,
thus becoming hypernatremic and dehydrated. This condition is often associated with septo-optic
dysplasia or with massive suprasellar cerebral tumors, especially after neurosurgical intervention.
To maintain eunatremia the standard treatment is represented by DDAVP administration and
frequent supply of liquids in relation to body weight (40 ml/kg + 300 ml/mq perspiratio) [13, 15,
27, 33].
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Hypertonic fluids and drug-related hypernatremia

To avoid secondary hypernatremia, fluids intravenously administered have to be always assessed
for their sodium rate and content; hypertonic solutions should be changed in isotonic fluids in
relation to the volemic status and to the sodium correction rate [52]. Drug-related hypernatremia
may be present when osmotic diuretics are administered. In children with prior CDI diagnosis, in

case of persisting hypernatremia, d-DDAVP dosage has to be corrected.

CONCLUSIONS

Sodium homeostasis disorders are the most frequent electrolyte derangements observed in
oncologic pediatric patients. Among these conditions, pituitary-suprasellar tumors are at higher risk
of developing such complications for injuries in the neuroanatomical circuits of thirst and AVP
release. Sodium homeostasis maintenance is fundamental not only for the neuropsychomotor
development, but also for a better response to treatment and for the disease survival rate. Only a
close multidisciplinary cooperation between pediatric oncologists and endocrinologists allows the

achievement of the best management in such severe and complex disorders.
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