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Hypernatremic Dehydration in Newborn Infants
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Background: Hypernatremic dehydration is a lethal condition in neonate which adversely affects central
nervous system. Important causes of this condition in neonate are vomiting, diarrhea, improper preparation of
infant formula, inadequate breast feeding and diabetes insipidus. Hypernatremic dehydration presents usually
around tenth postnatal day. Clinical presentation is variable. Some present with lethargy; others are alert and
hungry. Some are dehydrated whereas other are apparently hydrated. Treatment of hypernatremic dehydration
consists of an emergency phase where restoration of vascular volume with 10 to 20 ml/kg of isotonic
intravenous fluid is achieved followed by rehydration phase where sum of free water deficit and maintenance
fluid volume is administered slowly.

Conclusion: Rehydration is achieved with 5% dextrose in 0.2% normal saline, 5% dextrose in 0.45% normal
saline or 0.9% normal saline according to serum sodium level. However, if the serum sodium is greater than 175
mmol/L, various amounts of 3% normal saline should be added. The daily maximum correction rate of serum
sodium level should be 15 mmol/L. Addressing the etiological factors timely may be the proper way of

prevention of such condition in neonate.
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Introduction

ypernatremia, a frequently encountered electrolyte

disorder, is defined as a serum sodium level greater
than 145 mmol/L [mEg/L]. Serum sodium of >160mmol/L
is often regarded as severe hypernatremia. The condition
represents a deficit of water in relation to total body
sodium (1). In neonate, hypernatremic dehydration may
be suspected as a weight loss of more than 10% of birth
weight at the end of first week of life or if there is clinical
findings of dehydration with hypernatremia (2,3).
Hypernatremic dehydration is a potentially lethal
condition in neonate which adversely affects central
nervous system, leading to devastating consequences like
intracranial hemorrhage, thrombosis, and even death (4).
Incidence of hyprernatremic dehydration varies in

different geographical areas. In the West prevalence of
this condition is 1.8% (81/4280) in breast feed newborn
infants (5). In Turkey, 5.6% neonates experience serum
sodium concentrations of >145 mmol/L (6). Recently
there are increasingly appearing reports of hypernatremic
dehydration (7,8). However, surprisingly fewer cases of
this condition is reported in India. Probably, this is due to
decreased awareness regarding this clinical entity as a
result of which many such cases tend to be missed or
wrongly diagnosed as sepsis due to common non-specific
clinical features associated with both conditions (8). In
our area work on this condition on neonate is very
lacking. Our health personals may not fully acquaint of
this condition on newborn infant. But appropriate
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management can improve outcome of hypernatremic
dehydration. The review is written to orient our health
professionals particularly pediatricians and neonatologists
regarding some fundamental aspects of such important
issue for early diagnosis and timely management of this
condition so that devastating consequences in terms of
morbidity and mortality in neonate can be avoided.

Etiology

The etiological list of hypernatremic dehydration in
newborn infant is not long. Depending on amount of
deficit in total body fluids, hypernatremia is described as
either hypovolemic, euvolemic or hypervolemic. Infants
are worst affected, because of (a) immaturity of the
kidney that hinders its ability to excrete an excess sodium
load (b) babies have limited or no ability to express thirst
and (c) infants can't feed themselves and depend on
caregivers to provide adequate and appropriate fluids and
feeds (9). Hypernatremic dehydration may be caused by
pure water loss (diabetes insipidus), hypotonic fluid loss
(vomiting or diarrhea), or hypertonic sodium gain
(hypertonic feeding preparations such as improperly
prepared infant formula). Sodium content of breast milk
at birth is high and declines rapidly over subsequent days.
Sodium content of colostrum in the first five days is
(22+12) mmol/L, and of transitional milk from day five
to ten is (13+3) mmol/L, and of mature milk after 15 day
is (7£2) mmol/L. The Breastfeeding hypernatremic
dehydration results when a mother-infant feeding
interaction is inadequate. Here, human milk production is
limited, and the physiologic decline in human milk
sodium concentration does not occur. The infant becomes
dehydrated while the kidneys are mature enough to retain
sodium ions (1).

Clinical Presentation

The clinical presentation of hypernatremic
dehydration is usually around ten days with a range from
3to 21 days. Parents may fail to identify that the infant is
ill, and professionals may also falsely reassure about
infant’s apparent well-being. Signs may be non-specific,
including lethargy and irritability. Occasionally there is
an acute deterioration which precipitates the infant’s
emergency admission to hospital. During acute
isonatremic or hyponatremic dehydration clinicians may
rely on sunken eyes and depressed anterior fontanelle as
signs of total body water loss. In hypernatremic
dehydration however there may be changes in brain cell
osmolality and cerebral oedema, and the resultant fullness
of the anterior fontanelle may mislead the underlying
dehydration. Clinical examination of these infants at
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presentation is variable. Some present with lethargy;
others may be alert, hungry and clinically dehydrated (1).
There may be jaundice, seizure and excessive weight
loss (4). In moderate to sever hypernatremic dehydration,
skin turgor is normal, there may be fever, tachycardia
with poor perfusion and hypotension with hypovolemia.
Skin is thick, doughy and may even feel moist due to
perspiration. Mucous membrane is dry. An important
observation of hypernatremic dehydration is intense
thirst (9).

Complications

Brain is the most wvulnerable organ from
hypernatremia. Plasma hypertonicity and the subsequent
intracellular water loss causes the brain cells to shrink,
leading to rupture of bridging vessels with hemorrhages
in subarachnoid and brain parenchyma and thrombosis
(10). Brain responds, over a period of several hours,
by acquiring new intracellular solutes known as
‘idiogenic osmoles’, to protect intracranial volume (9). If
rehydration is rapid with relatively hypotonic intravenous
fluids, excess water enters cerebral cells leading
to rebound cerebral oedema. Permanent cognitive
impairment, cerebral dysfunction, spastic paralysis, and
seizure disorders have been described (9). Extensive
pontine and extrapontine myelinolysis have also been
reported (11,12). Children with early onset of seizures or
impairment of consciousness have a 50% chance for
neurologic sequel (9), Other recognized complications of
hypematremia include hyperglycemia, hypocalcemia,
renal tubular injury and renal vein thrombosis (13).
Mortality in acute cases with serum sodium >160 mmol/L
is around 45%, while it is around 10% in chronic
hypernatremia (9).

Treatment

Some complications, especially seizures, occur
most frequently during treatment. It is recognised that the
mainstay of treatment is to rehydrate the child very
slowly. If anyone attempts to correct the high sodium
concentration quickly, there is severe risk of osmotic
changes in the brain of newborn infant which can
exacerbate cerebral edema, thus leading to potential brain
damage (9). In general, recommendations for treating
hypernatremic dehydration consist of an emergency
phase (restoration of vascular volume with 10 to 20
mL/kg of isotonic intravenous [IV] fluid such as
Ringer’s lactate solution with 130 mmol/L of sodium or
normal saline with 154 mmol/ L of sodium) followed
by a rehydration phase (the sum of the free water deficit
and maintenance fluid requirements administered evenly
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over 48 hours)(14). Assuming 70% of the infant’s body
weight is water, the free water deficit (L) = 0.7 x WT (kg)
[1-current sodium/desired sodium]. During rehydration
phase, 5% dextrose in 0.2% normal saline (31 mmol/L of
sodium) is the usual 1V fluid composition (14). In case of
higher serum sodium level, 5% dextrose in 0.45% normal
saline is usually considered (1). Edema in brain, seizures,
and death can occur if hypernatremia is corrected
too rapidly (15).

The optimal treatment of hypernatremic dehydration
has been debated for years (1). In cases of severe
hypernatremic dehydration, management plan is more
difficult. If serum sodium is >175 mmol/L, traditionally
isotonic 1V fluids, which is actually hypotonic in relation
to patient’s serum is considered. Free water content of IV
fluid can be calculated from the formula: Free water (%)
= 1- (IV fluid sodium/serum sodium). Thus, when serum
sodium is 154 mmol/L, 0.9% normal saline has 0% free
water, but if serum sodium is 195 mmol/L, it provides
21% free water. If a patient has a serum sodium
level of 195 mmol/L and a large amount of 0.9% normal
saline is given to restore vascular volume, serum
osmolality may fall rapidly, leading to cerebral edema
and death (16). Therefore, if the serum sodium is
greater than 175 mmol/L, various amounts of 3% normal
saline (513 mmol/L sodium) should be added so that the
IV fluid sodium concentration is approximately 10 to 15
mmol/L lower than the serum sodium level (14). If
history is suggestive of a potential case of severe
dehydration in a breastfed infant, it is likely that serum
sodium exceeds 175 mmol/L. In this case, preparation of
hypertonic  fluids for support and maintenance
of volume should be considered. The maximum
rate of decrease of serum sodium level should be 0.6
mmol/L per hour or 15 mmol/L per day. The free water
deficit should be calculated to lower the serum
sodium level byl5 mmol/day. The correction time may
take longer than 48 hours (16). If serum sodium
level is >200mmol/L, peritoneal dialysis should be
considered (5).

Frequent monitoring of serum electrolytes (4-6
hourly) along with adjustment of rate of infusion or
composition of IV fluid is essential to avoid too rapid
correction of serum sodium level (1,5). Addressing the
existing complication if any, is important. Clinical
examination including close monitoring of vital signs
with regular weight recording is definitely important (5).
Addressing the underlying factor is another important
stream of management strategy.
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Prevention

Prevention of hypernatremic dehydration is very
important as it is a devastating condition. Diarrhea,
pathological vomiting, hypertonic formula feeding should
be addressed properly. Injudicious use of sodium
bicarbonate in neonate should be prohibited. If diabetes
incipidus is existent, it should be well-cheked.
Prevention of hypernatremic dehydration secondary
to lactation failure should be emphasized. Physician
should alert himself regarding possibility of hyper
natremic dehydration in breast-fed newborn infant.
Instruction should be given to the mother regarding breast
feeding techniques. Parents should inform about ‘ten
steps of successful breast feeding’. Follow-up visit of
mother and newborn infant is to be conducted to
reinforce the signs of successful breast-feeding as well as
to detect any problem of baby earlier (17). All breast-fed
infant should be weighed at least once several days after
discharge (18). If there is a weight loss of greater than
10%, the infant should be weighed on a daily basis until a
normal growth velocity can be recorded. Doctors,
midwives, community nurses and health visitors should
be trained to identify ‘at risk’ infants, whose feeding is
not progressing normally (18).

Conclusion

Hypernatremic dehydration in infancy is a medical
emergency with high rates of mortality and morbidity.
Early diagnosis and prompt appropriate treatment
is crucial for survival and better prognosis.
However, diagnosis is often difficult and dehydration
is underestimated. Judicious management of the
condition is essential. During treatment of the
condition, it is essential to see that complications do not
occur from hypernatremia itself and correction of it
through fluid therapy.

Addressing the etiological conditions timely is
another important step in the management of
hypernatremic dehydration. Women should be educated
about the signs and symptoms of dehydration during
prenatal visits and before discharge after delivery of
newborn infant. Early discharge demands follow-up the
neonate including mother to detect breastfeeding
problems before onset of hypernatremic dehydration.
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