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1. ABSTRACT 

 
Hyponatremia and hypernatremia are complex 

clinical problems that occur frequently in full term 
newborns and in preterm infants admitted to the Neonatal 
Intensive Care Unit (NICU) although their real frequency 
and etiology are incompletely known. Pathogenetic 
mechanisms and clinical timing of hypo-hypernatremia are 
well known in adult people whereas in the newborn is less 
clear how and when hypo-hypernatremia could alter 
cerebral osmotic equilibrium and after how long time brain 
cells adapt themselves to the new hypo-hypertonic 
environment. Aim of this review is to present a practical 
approach and management of hypo-hypernatremia in 
newborns, especially in preterms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION 

 
Sodium, an element essential to growth, is 

contained in bone, cartilage and connective tissue and is 
indispensible for the development and operation of the 
central nervous system.During intrauterine life the foetus 
lives in a warm, watery environment where it receives a 
constant supply of water and electrolytes from the mother. 
On the contrary, following birth the neonate must adapt to a 
relatively cold, dry environment with much wider 
fluctuations than those experienced in the uterus (1-
2).Variations in the hydro-electrolytic balance in the 
preterm neonate of very low weight are extreme due to the 
immaturity of the different organs. The immature kidney in 
particular leads to high toxicity caused by fluids: in excess 
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Figure 1. The brain-kidney-skin connection in preterm neonate aquaporins (AQP). 
 

when the supply of water is abundant and scanty when the 
supply of water is insufficient (3).An abundant supply of 
fluids is the cause of generalized oedemas and insufficient 
lung activity brought about by the increase in interstitial 
liquid directly or indirectly through maintenance of a patent 
Botallo duct (4). On the contrary, the insufficient 
administration of fluids may lead to hypovolemia, 
hyperosmolarity, metabolic anomalies and kidney 
insufficiency (5).Since the concentration of sodium in the 
serum is the main indicator of the water balance in the 
preterm infant, this group of patients presents a particular 
frequency of hyponatremia and hypernatremia 
(6).Recently, serious sequels associated with hyponatremia 
and variations in sodium concentration in preterm infants 
have been reported (6-7). Hyponatremia is most frequently 
caused by an excessive supply of water rather than by a 
reduced sodium intake, while hypernatremia is most 
frequently secondary to a reduced supply of water or 
increased losses of water rather than by a excessive supply 
of sodium (8).The questions and controversies in 
neonatology concern the supply of liquids in the first days 
of life and the amount of the sodium supplement. 
 
3. HYPO- AND HYPERNATREMIA IN THE 
PRETERM INFANT: DEFINITION AND 
FREQUENCY 
 

Hyponatremia is defined as a serum 
concentration of sodium of < 133-135 mEq/L, although the 
several case histories give a natremia of < 125mEq/L as 
clinically significant.We speak of hypernatremia when the 

serum sodium concentration is > 150mEq/L, even though it 
would be better not to exceed 145 mEq/L.In clinical 
practice the neonatologist must make great efforts to ensure 
that the very low weight preterm neonate maintains an 
optimal natremia between 135 and 145 mEq/l. Sodium 
variations are in fact often iatrogenic and can be avoided 
(5). Hyponatremia affects about two thirds of the Very Low 
Birth Weight infants (VLBW) while hypernatremia 
presents with a frequency that varies, depending on case 
histories, between 4 and 30%(4) of VLBW neonates and of 
low gestation age (<27 weeks) (3,8). 
 
4. THE BRAIN-KIDNEY-SKIN CONNECTION IN 
PRETERM NEONATE AQUAPORINS (AQP) 
 

Aquaporins are tetramers that perform extremely 
important functions in maintaining the water balance of the 
organism. At least thirteen varieties of them have been 
discovered. Each monomer has a hydrophile foramen 
through which water passes following a local osmotic 
gradient. Some (AQP3-AQP7, AQP9) also transport 
glycerol and other small polar molecules. In preterm 
neonates the most important are AQP4, AQP3 and AQP2 
(Figure  1). AQP4 is the aquaporin most expressed in the 
brain; it is situated in the cells of the blood-brain or blood-
cerebrospinal fluid interfaces, settling in the cytoplasmatic 
extensions of the glial cells, in the ependymal cells and in 
the supraoptic and suprachiasmatic cells of the 
hypothalamic nuclei. The expression of AQP4 is reduced in 
the immature brain. This protein plays an important role in 
hyponatremic cerebral oedema, hydrocephalus, stroke and 
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infections of the nervous system (9-10). Its scanty 
expression probably represents a defence mechanism 
against cerebral oedema.AQP2s are normally located inside 
the cytoplasm of the cells of the kidney collector ducts. 
They move until they reach the apical plasmatic membrane 
of the collector duct, thus favouring the reabsorption of 
water in response to vasopressin (AVP). AQP2 is the 
primary target in water regulation by vasopressin (11). In 
the neonate there is a reduced sensitivity to AVP, not 
connected with the reduction of V2 receptors, located at the 
level of the baso-lateral membranes of the collector tubules, 
already expressed during foetal life, but in connection with 
the immaturity of the structures designated to respond to 
the AVP-receptor ligand with the consequent reduction of 
the expression of AQP2 at the level of the apical plasmatic 
membrane of the kidney collector duct. This explains the 
reduced capacity of the immature kidney to concentrate 
urine.The most important hormones in kidney maturation 
are the glucocorticoids. Besides favouring the maturation of 
sodium transporters, they also favour the postnatal 
maturation of kidney aquaporins (12).Finally, AQP3s allow 
the passage of water from the derma to the basal layer of 
the epidermis and are abundantly expressed in the cutis of 
the premature, thus favouring the loss of water by 
evaporation (2). 
 
5. HYPO- AND HYPERNATREMIA AND THE 
WATER BALANCE 
 

Premature birth requires a sudden adaptation to a 
gaseous environment with low humidity, and in the first 
week of life the premature infant presents a physiologically 
negative sodium and water balance caused by the 
contraction of extracellular liquid. The neonatologist has 
several ways in which to help or hinder this transition 
phase. Establishing the daily water quotient in very low 
weight premature infants is a dynamic rather than a static 
process. Thus the amount of liquids in the first, second, 
third and subsequent days of life cannot be established 
beforehand (13). Although in intensive therapy units the 
protocols ensure a certain internal coherence, the amount of 
water must be decided case by case and must take into 
account the gestational age, environmental humidity and 
clinical conditions (14). The water balance in the 
immediate neonatal period is influenced by the gestational 
age and intrauterine growth) the lower the gestational age, 
the greater will be the post-natal weight loss.The youngest 
in gestational age, even when they present more mature 
skin, lose more weight than appropriate since they present a 
higher water content and little fat (15).The premature infant 
loses a very large amount of water through the cutis: The 
cutaneous surface of very low weight premature infants is 
ample with respect to their weight (4). The premature 
infant’s cutis is not completely developed. AQP3s, are 
abundantly expressed in the cutis of the premature infant 
(2). The premature neonate has a transparent and gelatinous 
skin containing only two or three strata of epidermic cells 
with absence or scarce development of the corneal layer. 
The cutis of the very immature neonate is thus more 
permeable and its water content is higher.Prenatal steroids 
reduce imperceptible losses since they favour maturation of 
the cutis and improve kidney perfusion, thus causing an 

increase in diuresis (16).Cutaneous maturation is 
accelerated by delivery: the air induces cutaneous 
maturation in very low weight neonates in normal 
environmental humidity conditions (following birth there is 
an exponential loss of water at the cutis level and the cutis 
reaches a level of maturation similar to that of term infants 
after two to three weeks (17). The water balance is also 
influenced by intrauterine growth and gestational age. 

 
In the premature infant of very low gestational 

age, the daily insensible water losses through the 
respiratory tract (30-40%) and cutis (60-70%) are quite 
high and may reach 1.5 times the haematic volume in the 
preterm infant (150 ml/kg/day) (3).Insensible losses 
through the cutis vary also as a function of the vapour 
pressure of environmental water (13). Indeed, high 
environmental humidity (80-100%) during the first week of 
life contrasts the loss of water through the cutis and is 
effective in reducing the risk of dehydration and 
hypernatremia, but may represent a greater risk of hospital 
infections caused by Pseudomonas (18). Strong 
condensation (with the “rain-out” effect, as if it had just 
stopped raining on the inside walls of the incubator) 
represents the ideal “pabulum” for this kind of germ (19).In 
2009, Baumgart recommended a prudential maintenance of 
humidity between 60 and 80% (20).It is thus auspicious to 
have an environment with high humidity in the first and 
second weeks of life, but the times and ways of reducing 
environmental humidification are still the subject of studies 
(3). Plastic polyurethane sheets, some of which containing 
antibacterial substances, have proved to be effective in 
reducing water loss through the cutis and in bringing about 
a reduction in the incidence of hypernatremia and mortality 
in very immature infants (21-22). However, problems of 
skin maceration and hyperthermia have been reported. 
These possible side effects can be avoided only by means 
of proper nursing assistance: nurses must perform 
additional axillary and rectal temperature measurements. It 
is also indispensible to avoid such sheets coming into 
contact with the neonate’s skin, possibly by using rolls of 
cotton placed around the infant so that a thin layer of air 
separates the soft and delicate skin of the neonate from the 
plastic film (20).Emollients, used in the past to reduce 
transepidermic water loss in extremely low weight 
preterms, are today not advisable since they favour 
bacterial sepsis (23) and candidiasis (24). 

 
For the neonatologist, the hydroelectrolytic 

balance is a real challenge: the clinical situation must 
necessarily be evaluated hour after hour, shift after shift, 
especially in the first week of life. It is often necessary to 
readjust the volumes two or three times a day with 
evaluation of hydroelectrolytic gains and losses. The role of 
the nurse is indispensible and consists of controlling 
temperature, environmental humidity and that of the gases 
in the ventilator circuit, of keeping to a minimum the time 
required for changing diapers and of any treatment that 
may be required. The nurse must also be sure that the 
infant’s skin does not present excoriations, must report any 
signs of dehydration (such as depressed fontanelles with 
imbricate sutures) or excess water (oedemas) (25). When 
diuresis is evaluated through diaper weight, in the very 
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small it must be recalled that a part of the urine may 
evaporate if the incubator is not well humidified.In the first 
days following birth, all neonates present natriuresis 
favoured by different mechanisms such as the increase in 
haematic concentration of the atrial natriuretic factor 
produced by the myocardial cells following secondary 
stretching with the increase in the left atrial venous return 
caused by reabsorption of pulmonary liquid and the fall of 
resistance in the pulmonary vascular pressure (26). The 
neonatal kidney is not a reduced version of the adult kidney 

(12). The mechanism of tubular transport of sodium is 
functional in the neonate, but reaches a less mature stage 
(27). Preterms have a reduced number of sodium 
transporters, a smaller reabsorption surface and inadequate 
hormonal control (28). In the uterus the foetus produces 
urine rich in sodium. The fractioned excretion of sodium 
(FENa), that is, the amount of sodium eliminated in the 
urine compared to the filtered part, is inversely correlated 
with gestational age (29).FENa is higher in preterms (up to 
12.5%) compared to term births (3.4% in the first hours of 
life, 1.5% afterwards) and adults (1%).The loss of sodium 
is the cause of the negative sodium balance and the weight 
loss in the first days of life. Very Low Birth Weight infants 
have a longer period of negative sodium balance. In 
preterms having a gestational age of < 32 weeks, the higher 
natriuresis is caused by a defect in reabsorption at the level 
of the proximal tubule with a subsequent higher load at the 
level of the distal convoluted tubules (30). 

 
In the neonate there are high levels of 

aldosterone (the hormone that controls the expression and 
activity of different sodium, potassium and water 
transporting proteins such as Na-K ATPasi and AQP2), but 
the is also a partial physiological resistance (31). In the 
preterm the reabsorbtion of sodium at the intestinal level is 
also reduced (29).In the preterm there is a poor response to 
the antidiuretic hormone (ADH) in the secondary distal 
convoluted tubule due both to deficient secretion and 
reduced tubular sensitivity. The low osmotic pressure 
present in the extremely low weight premature infant may 
also hinder the secretion of ADH and contribute to the very 
high diuresis that is often observed in the third and fourth 
day of life (3).Losses of water and sodium that take place in 
the first week of life are probably part of an adaptive 
process from aquatic intrauterine life where the 
reabsorption of sodium is unnecessary to the extrauterine 
environment where sodium reabsorption becomes essential 
(31). The liquids administered to very low weight preterms 
should correspond to amounts strictly necessary to avoid 
both dehydration and hyperhydration.An initial rational 
amount of water in preterms weighing <1000g, suggested 
by Modi, may be represented by the sum of urinary losses 
and estimated losses through the cutis equivalent to 
approximately 100ml/Kg/day in an environment with a 
humidity of 70% (14). 

 
Lorenz recommends an initial, more customized 

amount of water that varies with gestational age and in an 
environment with 50% humidity (Table 1).Subsequently 
the supply of liquids and sodium will depend on the post-
natal phase. During the prediuretic phase(from birth to two 
or three days), diuresis is scanty: there may be 

hyponatremia caused by water retention (expansion of 
LEC) or hypernatremia caused by an excessive loss of 
insensible water. Sodium excretion is minimum. The 
diuretic phase (defined as a volume of urine exceeding 
more than 80% of the volume of liquids administered) (32) 
takes place between the first and the fifth day and is 
characterized by a sharp increase in diuresis (5-7 
ml/Kg/day) and natriuresis. Natremia is often reduced. 
Clinically, it is revealed by a weight loss and follows the 
reabsorption of foetal pulmonary fluid with expansion of 
the LEC. Finally the homeostatic phase is characterized by 
normal diuresis (2-3 ml/Kg/day).The three phases do not 
take place at the same postnatal age in all neonates (4). The 
diuretic phase, for example, is delayed in the case of 
Respiratory Distress Syndrome (RDS) while the use of 
antenatal steroids causes a fairly marked diuresis starting 
from the first day (16). On the average, very low weight 
preterm infants lose 2% of their body weight per day up to 
a maximum of 15% in the first week. Fluids must be 
increased if the daily weight loss is above 2% or the 
cumulative loss exceeds 15% and when natremia exceeds 
145mEq/L.On the contrary, fluids must be reduced if 
weight is decreasing less than 1% per day and if there is 
hyponatremia associated with a weight increase (13).Some 
Neonatal Intensive Cares Unit (NICU) adopt a sodium 
restriction and administration of routine large amounts of 
water as an expedient to avoid hypernatremia, but in the 
long run this may not prove to be useful, considering the 
risk of pathologies such as Patent Ductus Arteriosus 
(PDA), Chronic Lung Disease (CLD) and 
Bronchopulmonary Dysplasia (BPD) (4). Excessive 
hydration causes an increase in interstitial liquid with a 
subsequent alteration in ventilation, a reduced response to 
the administration of exogenus surfactant (33).The 
neonatologist’s task is thus that of allowing a weight loss of 
10 to 15%.Recently, Sung reported an improvement in 
growth in the first twenty-eight days, a better sodium 
balance and a lower incidence of severe bronchopulmonary 
dysplasia in 95 preterms weighing < 1000g kept in 
incubators (Giraffe Omni bed) with 70-80% humidity in the 
first week of life, 50-60% afterwards, with respect to 
controls (87 cases) kept in non-humidified incubators. The 
amount of water prescribed in the first day was 100-
120ml/Kg/day with daily increases of 20 ml/Kg/day up to a 
maximum of 160-180ml/Kg/day at five days. The fluids 
administered varied so as to allow a weight loss of 10-15% 
and to maintain a natremia between 135 and 145 
mEq/L.The frequency of hypernatremia (positively 
correlated with brain haemorrhage) as also the insensible 
loss of water, diuresis and consequently the daily water 
requirement were higher in controls (34). 
 
6. HYPONATREMIA AND PATENT DUCTUS 
ARTERIOSUS 
 

During the diuretic-natriuretic phase which starts 
between the second and third day of life, natremia begins to 
decrease. This is a crucial time for the very immature 
neonate because it is necessary to reduce fluid intake in 
order to prevent the overload which could promote a 
significant PDA during the next fourth or fifth day of life. 
The restricted fluid intake should be kept on during the  
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Table 1. Guidelines for initiating fluid therapy in newborns 
Gestational age  Postnatal day 1 
<25 wk 150ml/Kg 
25 to 27 wk 120ml/Kg 
28 to 30 wk 100ml/Kg 
31 to 36 wk 80ml/kg 

 
Table 2. Variations in natremia and outcome in low weight preterm infants 

Baraton (2009) (6)  
Variations in natremia >8mEq/L G.A: <33 weeks Motor and/or cognitive outcomes 

Gawloswski (2006) (8) Natremia>150mEq/L G.A: 27 weeks Mortality*, CLD*, IVH*, PDA*, NEC* 

Bhatty (1997-2002) (51) 
Rapid correction of hyponatremia ELBW 

Spastic cerebral paralysis 
Hypotonia 
Neurosensorial hearing loss 

Murphy (1997) (45) 
Natremia<125mEq/L VLBW Spastic cerebral paralysis 

Leslie (1995) (55) 
Natremia<125mEq/L ELBW Neurosensorial hearing loss 

Ertl, Sulyok (2001) (44) 
Natremia<125mEq/L VLBW Neurosensorial hearing loss 

*more hypernatremic patients experienced such complications but this was not significant 
 
treatment with indomethacin or ibuprofen as it is often 
complicated by hyponatremia, excessive gain of weigh and 
oliguria (20,32). 

 
During this phase should be necessary to reduce 

fluid intake until 60-80 ml/Kg or until natremia is higher 
than 145-150 mEq/L. To optimize nutrition it is 
advisable to concentrate the infused solutions. 
Furosemide promotes the prostaglandin (PGE2) synthesis 
and reduces the ductal response to ibuprofen therefore 
appears to be contraindicated or not recommended (35-
38). 
 
7. HYPO- AND HYPERNATREMIA: PRATICAL 
MANAGMENT 
 
7.1. When to begin supplementing sodium? 

The addition of salt to solutions must take into 
account the phase (39). In particular, the sodium 
supplement must not be given in the prediuretic phase since 
it may lead to a further expansion of LEC with the risk of 
pulmonary and peripheral oedema. Sodium must be added 
to the infused solution after the beginning of the 
contraction of LEC (40) or after a weight loss of 6% (14).  
Early administration of sodium causes a persistent 
expansion with retention of interstitial fluid and a possible 
increase in the frequency and seriousness of respiratory and 
cardiac problems such as CLD and PDA. When on the 
contrary the intake of sodium begins after the weight loss 
has taken place, the frequency of CLD appears to be lower 
(17,41-42). 
 
7.2. How much sodium? 

The premature infant requires large amounts of 
sodium secondary to kidney losses and the great need for 
rapid bone mineralization. Generally speaking, at least 4 
mEq/Kg/day are needed unless the mother has been treated 
with steroids. According to Kloiber, preterms weighing less 
than 1000g may require from 3 to 8 mEq/Kg/day and 
sometimes even more. Initially, the sodium is to be 
administered intravenously, followed by means of milk 
fortification. 

8. HYPO- AND HYPERNATREMIA IN THE 
PRETERM INFANT: THE CLINICAL PICTURE 
Hyponatremia and hypernatremia are often asymptomatic 
but sometimes produce symptoms such as anorexia, nausea, 
vomiting, headache, disturbance of equilibrium, cramps, 
hyporeflexia, convulsions and death in older children and 
adults. In preterm and term neonates: apnea, bradicardia, 
lethargy or irritability and convulsions (43). When 
hyponatremia is chronic, that is, if it appears over a period 
of days or weeks, the only symptom may be a delay in 
growth. Hyponatremia or ample variations in sodium 
concentration represent a risk factor independent of 
adverse outcome (cerebral paralysis, behaviour and 
memory disturbance) (6,44-45), cerebral haemorrhage (46) 
and mortality (47) (Table 2). The speed with which 
hyponatremia takes place significantly influences the 
severity of neurological manifestations. Hyponatremia is 
acute and severe when natremia rapidly decreases in less 
than 48 hours to below 120mEq/L: in this case the cerebral 
homeostatic mechanisms do not act quickly enough to 
compensate for such rapid variations. This form is 
potentially dangerous: the first symptoms are irritability or 
lethargy. If the hyponatremia is not immediately and 
aggressively treated it may lead to cerebral oedema, 
irreversible neurological damage, respiratory arrest, hernia 
of the cerebral trunk and even death. The cerebral reactions 
to serum variations of natremia vary with age.In the adult 
brain hyposmolarity of LEC, secondary to hyponatremia, 
causes an unbalance in Intracellular Liquid (LIC) and LEC. 
The interior of the cell becomes hyperosmolar compared to 
the exterior and, owing to the law of osmotic balance, 
draws water with a consequent intracellular oedema. After 
a few hours (the rapid adaptation phase), the cells extrude 
electrolytes, especially potassium, but also sodium and 
chlorine, to the outside so as to increase the osmolarity of 
LEC and lose the excess water. After some days (the slow 
adaptation phase), the cells eliminate amino acids such as 
taurine, glutamate, but also myoinositol and phosphates. 
The brain adapts so as to minimize the symptoms (48).The 
immature brain presents different phases of adaptation 
compared to the adult: It is incapable of controlling the 
volume of cells through the extrusion of ions, but instead
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Table 3. Do and don’t in neonatal hypo-hypernatremia 
DO DON’Ts 

In the first week of life encourage, and not hinder, a weight loss of at least 10-12% Use humidification of 90-100% (“rain out” danger of infections) 
Limit cutaneous water losses by using preferably humidification of 60-80% Use a high routine water load 
In the first 3-4 days of life check weight and supply of liquids at 8-hour intervals; increase 
by 10-20 ml/Kg/day if: sodium tends to increase and/or there is a weight loss in excess of 
2%/day 

Apply a routine sodium restriction 

Sodium must be added to infused solutions following a contraction of LEC Perform a rapid correction of hypo- or hypernatremia  
(>8mEq/L in 24 hours) 

Check the amount of “hidden” sodium in the medicines administered Use concentrated (3%) saline solutions 
Optimize hydration through nutrition  

 
uses the extrusion of organic osmolites (especially taurine). 
Consequently the rapid adaptation phase is not mediated by the 
ions but by the intervention of other mechanisms such as the 
reduced expression of AQP4. This protein is composed of four 
monomers, each of which presents a foramen through which 
water freely flows. The AQP4 is situated in the cells of the 
blood-brain or blood-liqueur interfaces (ependymal, glial cells 
and astrocyte processes) (9). Other defence mechanisms 
against oedema are represented by high compliance of the 
secondary cranium in presence of the then not yet joined 
fontanelles and sutures.  

 
In the case of hypernatremia, the hyperosmolarity of 

LEC calls for fluids from the cells, thus leading to cell 
dehydration. The very first compensation phase has been 
described in the adult and in older children and takes place 
within an hour if the hyponatremia is not very acute: sodium, 
potassium, amino acids and organic substances penetrate into 
the cells and need water. Generally speaking, within a week 
the brain regains 98% of the water content lost. Naturally, if 
the hypernatremia is acute and severe the brain is incapable of 
increasing the intracellular content of solutes enough to 
preserve its volume. When the cerebral volume is reduced, 
even by 10-15%, a physical distance is formed between the 
meninges and the cranium with the possible rupture of the 
bridge veins and consequent subarachnoid, subdural or even 
intracerebral haemorrhages (5). If hypernatremia sets in 
slowly, the neurons have the possibility of re-establishing their 
intracellular volume and adapting to the situation. The 
osmolites produced inside the cells cause a gradient of 
diffusion that brings water into the cells. Retrospective studies 
demonstrate that the neurological sequels in cases of 
hypernatremia are significant and include cognitive delay. 
Mortality varies between 10 and 16% depending on the case 
history, even with the proper amount of rehydration (43). 
 
9. CORRECTION OF HYPO- AND 
HYPERNATREMIA AND THE BRAIN 
 

The best practice in the treatment of hypo- and 
hypernatremia must take into account the risks of 
hyponatremia against those of the therapy. The best 
treatment of dysnatremias is represented by the slow 
correction of the electrolytic unbalance. Brain damage may 
ensue following rapid correction of a chronic 
hyponatremia. Extracellular Liquid, following 
administration of solutions with a high sodium content, 
becomes relatively hypertonic and this may cause rapid cell 
dehydration with rupture of the close connections between 
the endothelial cells, the passage of complementary proteins 
and cytokines with damage to the oligodendrocytes and 
demyelination (49). Osmotic myelinolysis may take place 

 
when the speed of the correction exceeds 0.5/mEq/L/h or 12 
mEq/L in 24 hours. Bridge and extra-bridge osmotic 
myelinolysis has been described in adults and children, but 
cases concerning the unweaned are now beginning to appear in 
the literature (50). In very low weight preterm infants in whom 
natremia had been rapidly corrected, a higher incidence of 
spastic cerebral paralysis, neurosensorial auditory damage and 
behavioural problems has been observed (51). At present there is 
no clear consensus concerning the best treatment of symptomatic 
hyponatremia. In acute forms, where the risk of sequels is greater 
than that of myelinolysis, the correction must be rapid and, for this 
reason, according to some authors, it is necessary to consider the 
use of 3% saline solutions (0.5mEq/cc ev).According to others, the 
3% saline solution should be banned in asymptomatic VLBW 
or Extremely Low Birth Weight (ELBW) preterms with 
serum sodium <125 (20).Natremia must be monitored 
every two hours (52). Even in emergency cases the 
natremia target must be that which allows the patient to 
become asymptomatic in all certainty; following this, a 
more gradual correction is to be applied. Plasmatic sodium 
should not increase more than 8-10 mEq/L in the first 24 
hours so as to avoid both cerebral oedema and the risk of 
myelinolysis. In chronic forms an isotonic saline solution, 
possibly associated with the use of diuretics, should be 
preferred.For the reasons given above, also in patients affected 
by hypernatremia the nervous system may be involved during the 
rehydration phase when this is performed too quickly (with speed 
of natremia >0.5-1.0 mmol/L/h) (53).  If the natremia is very high, 
>160mEq/L, it is advisable to administer a 0.9% saline solution so 
as to reduce the natremia slowly. Subsequently a 0.45% saline 
solution in 10% glucosate is recommended (54). 
 
10. PERSPECTIVE 
 

Neonatologists must thus encourage, and not 
hinder, a physiological weight loss of 10-15%. They must try 
to limit insensible losses in the first week of life by means of 
appropriate environmental humidification and gases 
administered.The relationship between sodiemia, weight and 
diuresis must be monitored frequently. Before the beginning of 
the diuretic phase, sodium must not be added to the solutions 
(caution in the use of bicarbonate).In calculating the water 
balance, it is to be kept in mind that children born of mothers 
who have taken steroids will have skin and kidneys more 
mature at birth and therefore they will have lower insensible 
losses of water, but an earlier and more marked diuresis.The 
younger in gestational age (G.A.) lose more weight than do 
those born at term owing to their higher water content. Since 
the correction of a hyponatremia or a hypernatremia may 
not be a process as innocent as appears, it is best to prefer a 
slow correction to allow for the shifting of the osmolites 
and to allow the brain to adjust (Table 3).  
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