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Abstract

Children who required intensive care are vulnerable to electrolyte derangement and hyponatremia is the most common

electrolyte abnormality among this population. Hence its implication is so much important with perfect interpretation. Abnormality

of hyponatremia occurs in a variety of condition and results in morbidity or mortality; especially in acutely sick children indicate

a poor prognosis. Moreover, a precise information on pathophysiologic implications and outcome of hyponatremia in sick children

is lacking. In this review, we provide an update focused on the association between hyponatremia and critically sick hospitalized

children and related concern.
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Introduction

Abnormalities of sodium homeostasis are common electrolyte
disorder encountered in sick children who need intensive care
[1,2]. It has been reported that hyponatremia, occurring 3% to
30% among hospitalized patients [3-5]. Abnormality occurs in a
variety of conditions and results in mortality and morbidity [3,6].
The causes of and treatments for hyponatremia can only be under-
stood by having a grasp of the size of the body fluid compartments
and sub-compartments and their regulation; how under normal
circumstances the body is able to maintain the sodium concen-
tration within a narrow range (homeostasis of body fluid osmo-
lality); conditions can cause that feedback system to malfunction
(pathophysiology) and the consequences of the malfunction of
that system on the size and solute concentration of the fluid com-

partments [7].

Normal homeostasis

There is a hypothalamic-kidney feedback system which nor-

mally maintains the concentration of the serum sodium within a
narrow range. This system operates as follows: in some of the cells
of the hypothalamus, there are osmoreceptors which respond to
an elevated serum sodium in body fluids by signaling the posterior
pituitary gland to secrete antidiuretic hormone(ADH) (vasopresin)
[8]. ADH then enters the bloodstream and signals the kidney to
bring back sufficient solute-free water from the fluid in the kidney
tubules to dilute the serum sodium back to normal, and this turns
off the osmoreceptors in the hypothalamus. Also, thirst is stimu-
lated [9]. Normally, when mild hyponatremia begins to occur, that
is, the serum sodium begins to fall below 135 mEq/L, there is no
secretion of ADH, and the kidney stops returning water to the body
from the kidney tubule. Also, no thirst is experienced. This two act

in concert to raise the serum sodium to the normal range [10-12].

Hyponatremia

Hyponatremia occurs 1) when the hypothalamic-kidney feed-

back loop is overwhelmed by increased fluid intake; 2) the feed-
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back loop malfunctions such that ADH is always "turned on"; 3) the
receptors in the kidney are always "open" regardless of there being
no signal from ADH to be open; or 4) there is an increased ADH
even though there is no normal stimulus (elevated serum sodium)

for ADH to be increased.

Hyponatremia occurs in one of two ways: either the osmore-
ceptor-aquaporin feedback loop is overwhelmed, or it is inter-
rupted. If it is interrupted, it is either related or not related to ADH
[11]. If the feedback system is overwhelmed, this is water intoxica-
tion with maximally dilute urine and is caused by infantile water
intoxication. "Impairment of urine diluting ability related to ADH"
occurs in various situations: 1) arterial volume depletion, 2) hemo-
dynamically-mediated, 3) congestive heart failure, 4) cirrhosis, 5)
nephrosis, 6) Addison's disease and 7) syndrome of inappropriate
antidiuretic hormone secretion (SIADH). If the feed-back system
is normal, but an impairment of urine diluting ability unrelated to
ADH occurs, this is 1) oliguric kidney failure, 2) tubular interstitial
kidney disease, 3) diuretics or 4) nephrogenic syndrome of antidi-

uresis [11].

Sodium is the primary positively charged ion outside of the cell
and cannot cross from the interstitial space into the cell. This is
because charged sodium ions attract around them up to 25 wa-
ter molecules, thereby creating a large polar structure too large
to pass through the cell membrane: "channels” or "pumps" are re-
quired. Cell swelling also produces activation of volume-regulated
anion channels which is related to the release of taurine and gluta-

mate from astrocytes [13].

Symptoms

Hyponatremia is a common electrolyte disturbance occurring
in critically ill patients [14]. Unusual weight gain and decrease
urine output is the most important sign to predict hyponatremia
clinically [15]. Symptoms range from nausea and malaise, with
mild reduction in the serum sodium, to lethargy, decreased level of

consciousness, headache, seizures and coma [16].

Classification

A blood test demonstrating a serum sodium less than
135mmol/L is diagnostic for hyponatremia [17]. Hyponatremia
can be classified on the basis of serum osmolality, volume status

and urinary sodium into hypertonic, isotonic and hypotonic types.
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Hypotonic hyponatremia is further classified into hypervolemic,

euvolemic and hypovolemic as follows [18]:

¢ Hypovolemic hyponatremia: Decreased total body sodium
and decreased total body water. The sodium deficit exceed-

ing water deficit e.g. diarrhea.

¢ Euvolemic hyponatremia (dilutional): Normal body sodium
with increase in total body water e.g. severe sepsis, severe

perinatal asphyxia, pneumonia, meningitis, encephalitis.

e Hypervolemic hyponatremia(edematous): Increase in total
body sodium with greater increase in total body water e.g.

renal failure, cardiac failure, liver cirrhosis.

Sodium and its accompanying anions, chloride and bicarbon-
ate, are the principal solutes in the extracellular fluid (ECF). They
are the main determinant of ECF volume, since changes in its con-
centration cause changes in water intake and in renal water excre-
tion, due to stimulation or suppression of thirst and antidiuretic
hormone secretion, respectively. The ECF sodium concentration is
normally held within narrow limits and the normal range is 135
- 145 mmol/1 [19]. A low serum sodium concentration reflects ei-
ther an excess of water or primary sodium depletion. Water reten-
tion may occur with an increased, normal, or reduced total body
sodium content. Elucidation of the cause of hyponatraemia first
requires consideration of the regulation of sodium and water bal-
ance in the newborn. After birth, extracellular fluid volume con-
tracts, and this is accompanied by net negative sodium and water
balance and weight loss. This period is of variable duration, but by
the third or fourth postnatal day, sodium and water balance have
become positive, and remain so until adult life [20]. Hyponatraemia
is common in inpatients and this includes newborns in neonatal
intensive care units. Surveys from around the world suggest that
up to a third of very low birth weight infants are hyponatraemic
in the first week after birth and between 25% and 65% thereaf-
ter [21]. It was found three times higher among the neonates with
perinatal asphyxia and MAS. Most of the clinical symptoms were
not significantly associated with hyponatremia. It was found two
times and four times higher with neonates presented with unusual
weight gain and decrease urine output respectively. Mortality was
found three times higher among neonates who developed hypona-
tremia. Large number of neonate developed hyponatremia in ICU.
Unusual weight gain and decrease urine output are the most impor-

tant signs to predict hyponatremia clinically. Mortality was found
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higher among neonates with hyponatremia. Prior to establishing
a cause of hyponatremia, a detailed history should be obtained in
order to exclude the numerous disorders capable of causing hypo-
natremia. Helpful historical details in identifying the responsible
mechanism for hyponatremia include diet, fluid intake, gastroin-
testinal losses, amount of urinary output, and medications. His-
torical information can give important clues in deciding whether
the hyponatremia is from an acute or chronic condition. This may
help the physician in correlating the degree of hyponatremia with
the patient’s neurologic condition and influence the rate of sodium
correction. Signs and symptoms of hyponatremia are primarily
related to the dysfunction of the central nervous system and cor-
relate with severity and rapidity of development of hyponatremia.
These occur as osmotic fluid shifts result in cerebral edema and in-
creased intracranial pressure. Whereas most patients with serum
sodium concentration above 125 mEq/L are asymptomatic, those
with lower levels typically have symptoms, especially in the set-
ting of a rapid decrease. When sodium concentration drops below
105 mEq/L, life-threatening complications are likely to occur [3].
Symptoms generally occur only when hyponatremia is severe and
may include vomiting, restlessness, irritability, hyporeflexia, sei-
zure, coma, oliguria and weight gain [22-24]. Acute alterations in
serum sodium concentrations contribute to neurological morbidi-
ty in sick neonates. Central pontine and extrapontine myelinolysis,
regarded as the histopathological hallmark of hyponatraemia, has

only occasionally been described in infants [5].

The presence of hyponatremia, its severity, and delay in initiat-
ing adequate treatment appear to be the main indicators for both
morbidity and mortality. The fatality rate of patients with hypona-
tremia (when defined by a sodium concentration of < 130 mEq/L)
is 60-fold compared to that of patients without documented hypo-
natremia. Morbidity and mortality rates are higher in hospitalized
patients and those with acute onset or severe hyponatremia [25].
Serum Sodium were estimated by automated analyzer made by Di-
mentionRXL MaxUSA [15].

Hyponatremia in critical illness

Hyponatremia in acutely ill children attending our pediatric
emergency service was associated with a higher mortality and pro-
longed hospitalization. Although, the study did not aim at defining
various factors which could have contributed to the higher mortal-
ity, several factors including the underlying cause, the severity of

the illness, and the severity and the rate of development of hypona-
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tremia could have contributed. Possibly the severity of illness itself
could have determined the severity of hyponatremia too, as shown
in our subsequent studies on children hospitalized for meningitis
and pneumonia [26]. Findings of various authors [27-29] suggest
that hyponatremia is an indicator of severe underlying disease and

a pointer to poor prognosis.

Hyponatremia is also common in neonate in ICU and it is found
25% among very low birth weight neonate and common during first
week of life [21]. In a study hyponatremia was present in 22.8%
cases [15]. Hossain,, et al. [30] found 16.6% hyponatremia in criti-
cally ill neonates in ICU. The reason for low incidence is that they
excluded mild hyponatremia (serum sodium 130 - 135 mmol/l)
cases from their study. The incidence of hyponatremia is unaccept-
ably high in neonates in the ICU. This is attributable in large part
to the administration of excessive amounts of water as hypotonic
saline as maintenance fluid in situations in which ADH is secreted
for non-osmotic reasons. Similar conclusion was drawn by Hoorn.,
etal. [31] from their study. The original guidelines for maintenance
fluid may not be applicable in an era when the complexity and the
severity of illness are seen. It puts neonates at risk for the develop-
ment of adverse neurologic events and is largely preventable. The
current teachings and practical guidelines for maintenance fluid
infusions are based on caloric expenditure data in healthy children
that were derived and published more than 50 years ago. A re-eval-
uation of these data and more recent recognition that hospitalized
children are vulnerable to hyponatremia, with its resulting mor-
bidity and mortality rates, suggest that changes in paediatrician,
approach to fluid administration are necessary [32]. Perinatal as-
phyxia, neonatal sepsis and preterm low birth weight contributed
majority of hyponatremia among very sick neonates but these dis-
eases were found weakly associated with hyponatremia. Lane., et
al. [33] and Modi, et al. [21] showed high incidence of hyponatre-
mia among babies born after fetal distress and difficult deliveries.
Hyponatremia was present in 5.2% among surgical cases. Bell,, et
al. [34] found 11% hyponatremia among surgical cases. Hypona-
tremia was found significantly high among the neonates who were
less than 7 days of age. Modi., et al. [21] showed high prevalence
of hyponatremia during 1st week of life. Hyponatremia was found
significantly high among the sick neonates weighing > 2500g. Lam-
bert., et al. [35] showed high occurrence of hyponatremia among
low birth weight babies. Mean gestation was 36.83 + 2.94 weeks

in hyponatremia patients and 35.72 + 3.51 weeks in neonates hav-
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ing no hyponatremia. Modi., et al. [21] showed high incidence of
hyponatremia in premature neonates. Hyponatremia often mim-
ics the clinical manifestations of various disorders and is difficult
to diagnose. Symptoms generally occur only when hyponatremia
is severe [3,5]. Extracellular hypotonicity leads to intracellular
oedema and severe symptoms may result from cerebral oedema
[3]. Most of the clinical signs were weekly associated with hypo-
natremia but relative risk of development of hyponatremia among
the neonates with unusual weight gain and decrease urine output
were higher than that of not having those signs. Fluid retention
due to inappropriate ADH secretion causes the weight gain and
decrease urine output. Milionis., et al. [36] in their study found as-
sociation between hyponatremia and weight gain. No relation was
found between hyponatremia and hospital stay. But Sherlock., et
al. [37] found increase length of hospital stay among the patients
with hyponatremia. Mortality was found three times higher among
neonates who developed hyponatremia. Different studies have
found that hyponatraemia is associated with significant mortality
[38,39].

Among hospitalized patients with hyponatremia, the reported
mortality rate evolving over the course of more than 48 hours has
varied between 10% and 27% (17) [40]. This is similar to mortal-
ity of 17% in severe hyponatremia [41]. Therefore, sick children
needing emergency care and hospitalization have as high a risk of

mortality as observed in adult patients.

Treatment of hyponatremia

The treatment of hyponatremia depends on the underlying
cause [42], also depends on the duration of hyponatremia and
volume status of the patients. How quickly treatment is required

depends on a person's symptoms [42]:
Fluids are typically the cornerstone of initial management [42].
Sodium deficit = (140 - serum sodium) x total body water [43]

Total body water = kilograms of body weight x 0.6.

Fluids

Options include: Mild and asymptomatic hyponatremia is treat-
ed with adequate solute intake (including salt and protein) and flu-
id restriction starting at 500 ml per day of water with adjustments
based on serum sodium levels. Long-term fluid restriction of 1,200
- 1,800 mL/day may maintain the person in a symptom free state
[44].
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Moderate and/or symptomatic hyponatremia is treated by rais-
ing the serum sodium level by 0.5 to 1 mmol per liter per hour for a
total of 8 mmol per liter during the first day with the use of furose-

mide and replacing sodium and potassium losses with 0.9% saline.

Severe hyponatremia or severe symptoms (confusion, convul-
sions, or coma): Consider hypertonic saline (3%) 1 -2 ml/kgIVin 3
- 4h. Hypertonic saline may lead to a rapid dilute diuresis and fall in
the serum sodium. It should not be used in those with an expanded

extracellular fluid volume.

There is serious neurologic sequel if hyponatremia is inappro-
priately treated [45]. Untreated hyponatremia may lead to cerebral

swelling and its consequences because of hypotonicity [46].

Associated electrolyte abnormalities

In persons with hyponatremia due to low blood volume (hypo-
volemia) from diuretics with simultaneous low blood potassium
levels, correction of the low potassium level can assist with correc-

tion of hyponatremia [47].

Precautions

Raising the serum sodium concentration too rapidly may
cause pontine and extrapontine myelinolysis termed as osmotic
demyelination syndrome_[48-51]. It is recommended not to raise

the serum sodium by more than 10 mEq/L/day [52].

Conclusion

Large number of sick children developed hyponatremia in In-
tensive Care Unit. Unusual weight gain and decrease urine output is
the most important sign to predict hyponatremia clinically. Mortal-
ity was found higher among children with hyponatremia, hence it's
a marker of critically sick hospitalized children especially in acute

condition.

Bibliography
1. Morgan DB and Thomas TH. “Water balance and hyponatre-
mia”. Clinical Science 56 (1979): 517-522.

2. Sterns Rh. “Severe symptomatic hyponatremia: Treatment and
outcome- A study of 64 cases”. Annals of Internal Medicine 107
(1987): 656-664.

3. Moritz ML and Ayus ]C. “Disorder of water metabolismin chil-
dren: Hyponatremia and Hypernatremia”. Pediatric Review 23
(2002): 371-379.

Citation: Mir Mohammad Yusuf. “Hyponatremia in Sick Children: A Marker of Critical Illness". Acta Scientific Paediatrics 3.9 (2020): 27-32.


https://en.wikipedia.org/wiki/Central_pontine_myelinolysis
https://en.wikipedia.org/wiki/Central_pontine_myelinolysis
https://pubmed.ncbi.nlm.nih.gov/3662278/
https://pubmed.ncbi.nlm.nih.gov/3662278/
https://pubmed.ncbi.nlm.nih.gov/3662278/
https://pedsinreview.aappublications.org/content/23/11/371
https://pedsinreview.aappublications.org/content/23/11/371
https://pedsinreview.aappublications.org/content/23/11/371

Hyponatremia in Sick Children: A Marker of Critical Illness

10.

11.

12.

13.

14.

15.

16.

17.

Farrel C and Rio MD. “Hyponatremia”. Pediatric Review 28
(2007): 426-428.

Upadhyay A., et al. “Incidence and prevalence of hyponatre-
mia”. The American Journal of Medicine 119 (2006): 30-35.

Goh KP. “Management of hyponatremia”. American Family Phy-
sician 69 (2004): 2387-2394.

Sterns S. “Antinatriureic peptides”. In Seldin and Giebisch’s
The Kidney (5th Edition) (2013): 1511-1513.

Antunes-Rodrigues J., et al. “Neuroendocrine control of body
fluid metabolism”. Physiological Reviews 84.1 (2004): 169-
208.

Baylis PH and Thompson CJ. “Osmoregulation of vasopressin
secretion and thirst in health and disease”. Clinical Endocrinol-
0gy 29.5 (1988): 549-576.

Ball SG and Igbal Z. “Diagnosis and treatment of hyponatrae-
mia”. Best Practice and Research. Clinical Endocrinology and
Metabolism 30.2 (2016): 161-73.

Sterns RH,, et al. “Hyponatremia”. In Alpern, Robert ]J. Moe,
Orson W. Caplan, Michael (eds.). Seldin and Giebisch’s The
Kidney Physiology and Pathophysiology (5th ed.) Burlington:
Elsevier Science (2013).

Kwon TH., et al. “Physiology and pathophysiology of renal
aquaporins”. Seminars in Nephrology 21.3 (2001): 231-238.

Diringer M. “Neurologic manifestations of major electrolyte
abnormalities”. Handbook of Clinical Neurology 141 (2017):
705-713.

DeVita MV, et al. “Incidence and etiology of hyponatremia in
an intensive care unit”. Clinical Nephrology 34 (1990): 163-
166.

Mamun MAA, et al. “Incidence and immediate outcome of hy-
ponatremia in neonate in intensive care unit”. DS (Child) H |
29.1 (2013): 3-8.

Babar S. “SIADH Associated With Ciprofloxacin” . The Annals of
Pharmacotherapy 47.10 (2013): 1359-1363.

Sabatine, Marc S. Pocket medicine (Fifth ed.) [S.1.]: Aspen Pub-
lishers, Inc (2014).

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31
Adrogue H] and Madias NE. “Hyponatremia”. The New England
Journal of Medicine 342 (2000): 1581-1589.

Haycock GB. “Hyponatremia: Diagnosis and management”. Ar-
chives of Disease in Childhood 91 (2006): 37-41.

Modi N. “Renal function, fluid and electrolyte balance”. In: Ro-
berton NRC, Rennie JM, editors. Textbook of Neonatology. 3rd
ed. Edinburgh: Churchill Livingstone (1999): 1009-1036.

Modi N. “Hyponatremia in newborn”. Archives of Disease in
Childhood 78 (1998): 81-84.

Baylis PH. “The syndrome of inappropriate antidiuretic hor-
mone secretion”. The International Journal of Biochemistry and
Cell Biology 35 (2003): 1495-1499.

Greenbaum LA. “Electrolytes and acid base disorder”. In: Klieg-
man RM, Behrman RE, Jenson HB, Stanton BF, editors. Nelson
Textbook of Pediatrics. 18th ed. Saunders Elsevier: Philadel-
phia (2008): 267-309.

Zamboli P, et al. “Hyponatremia secondary to inappropriate
antidiuretic hormone secretion”. Giornale Italiano di Nefrolo-
gia 25 (2008): 554-561.

Rivkees SA. “Differentiating appropriate antidiuretic hormone
secretion, inappropriate antidiuretic chormone secretion
and cerebral salt wasting: the common, uncommon and mis-
named”. Current Pediatric Ophthalmology 20 (2008): 448-452.

Dhawan A, et al. “Hyponatremia and the inappropriate ADH
syndrome in pneumonia”. Annals of Tropical Paediatrics 12
(1992): 455-456.

Anderson R],, et al. “Hyponatremia: A prospective analysis of
its epidemiology and the pathogenetic role of vasopressin”. An-
nals of Internal Medicine 102 (1985): 164-168.

Baran D, et al. “The outcome of hyponatremia in a general hos-
pital population”. Clinical Nephrology 22 (1984): 72-76.

Samadi AR, et al. “Consequences of huponatremia and hyper-
natremia in children with acute diarrhea in Bangladesh”. Brit-
ish Medical Journal 296 (1983): 1313-1316.

Hossain MM., et al. “Electrolyte abnormalities in neonates
admitted in Intensive Care Unit”. Bangladesh Journal of Child
Health 28 (2004): 13-17.

Citation: Mir Mohammad Yusuf. “Hyponatremia in Sick Children: A Marker of Critical Illness". Acta Scientific Paediatrics 3.9 (2020): 27-32.


https://www.researchgate.net/publication/6942819_Incidence_and_Prevalence_of_Hyponatremia
https://www.researchgate.net/publication/6942819_Incidence_and_Prevalence_of_Hyponatremia
https://www.researchgate.net/publication/6942819_Incidence_and_Prevalence_of_Hyponatremia
https://www.researchgate.net/publication/6942819_Incidence_and_Prevalence_of_Hyponatremia
https://pubmed.ncbi.nlm.nih.gov/3075528/
https://pubmed.ncbi.nlm.nih.gov/3075528/
https://pubmed.ncbi.nlm.nih.gov/3075528/
https://jasn.asnjournals.org/content/10/3/647
https://jasn.asnjournals.org/content/10/3/647
https://www.researchgate.net/publication/259455215_Neurologic_complications_of_electrolyte_disturbances_and_acid-base_balance
https://www.researchgate.net/publication/259455215_Neurologic_complications_of_electrolyte_disturbances_and_acid-base_balance
https://www.researchgate.net/publication/259455215_Neurologic_complications_of_electrolyte_disturbances_and_acid-base_balance
https://pubmed.ncbi.nlm.nih.gov/2257702/
https://pubmed.ncbi.nlm.nih.gov/2257702/
https://pubmed.ncbi.nlm.nih.gov/2257702/
https://pubmed.ncbi.nlm.nih.gov/24259701/
https://pubmed.ncbi.nlm.nih.gov/24259701/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1720751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1720751/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4438352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4438352/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4438352/
https://pubmed.ncbi.nlm.nih.gov/18622203/
https://pubmed.ncbi.nlm.nih.gov/18622203/
https://pubmed.ncbi.nlm.nih.gov/18622203/
https://pubmed.ncbi.nlm.nih.gov/18622203/
https://pubmed.ncbi.nlm.nih.gov/1283678/
https://pubmed.ncbi.nlm.nih.gov/1283678/
https://pubmed.ncbi.nlm.nih.gov/1283678/
https://pubmed.ncbi.nlm.nih.gov/3966753/
https://pubmed.ncbi.nlm.nih.gov/3966753/
https://pubmed.ncbi.nlm.nih.gov/3966753/
https://pubmed.ncbi.nlm.nih.gov/6478674/
https://pubmed.ncbi.nlm.nih.gov/6478674/
https://pubmed.ncbi.nlm.nih.gov/6402197/
https://pubmed.ncbi.nlm.nih.gov/6402197/
https://pubmed.ncbi.nlm.nih.gov/6402197/

Hyponatremia in Sick Children: A Marker of Critical Illness

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Hoorn EJ., et al. “Acute in-hospital hyponatremia in children: an
observational study”. Critical Care 6 (2002): 168.

Skippen P and Add R. “Iatrogenic hyponatremia in hospitalized
children: Can it be avoided?” Paediatric Child Health 13 (2008):
502-506.

Lain ], et al. “Type of fluid disorder in children with bacterial
meningitis”. Acta Paediatrica 80 (2008): 1031-1036.

Bell M]., et al. “Development of hyponatremia in children admit-
ted to the Pediatric Intensive Care Unit”. Journal of Paediatrics 152
(2008): 33-38.

Lambert H]J., et al. “Does positive pressure ventilation increase ar-
ginine vasopressin in preterm neonates?” Archives of Disease in
Childhood 78 (1998): 38-42.

Milionis HJ.,, et al. “The hyponatremic patient: a systemic approach
to laboratory diagnosis”. CMAJ 167 (2002): 1056-1052.

Sherlock M., et al. “The incidence and pathophysiology of hypona-
traemia after subarachnoid haemorrhage”. Clinical Endocrinology
(0xf) 64 (2006): 250-254.

Stelfox HT, et al. “The epidemiology of intensive care unit-ac-
quired hyponatraemia and hypernatraemia in medical-surgical
intensive care units”. Critical Care 12 (2008): 162.

Waikar SS., et al. “Mortality after hospitalization with mild, mod-
erate, and severe hyponatremia”. The American Journal of Medi-
cine 122 (2009): 857-865.

Berl T. “Treating hyponatremia: Damned if we do and damned if
we don’t”. Kidney International 37 (1990): 1006-1018.

Sunit S. “Hyponatremia in hospitalized critically ill children: Cur-
rent concepts”. The Indian Journal of Paediatrics 71 (2004): 803-
807.

Dineen R, et al. “Hyponatraemia - presentations and manage-
ment”. Clinical Medicine 17.3 (2017): 263-269.

Black RM. “Diagnosis and management of hyponatremia”. Journal
of Intensive Care Medicine 4 (1989): 205-220.

Schiirer L., et al. “Water and Electrolyte Regulation”. In Lumenta,
Christianto B. Di Rocco, Concezio Haase Jens., et al. “Neurosur-
gery”. European Manual of Medicine (2010): 611-615.

45.

46.

47.

48.

49,

50.

51.

52.

32
Rajesh P. “Hyponatremia in Critically ill patients”. Indian
Journal of Critical Care Medicine 18.2 (2014): 83-87.

Natti EE and Edwards WH. “Brain and CSF water in new-
born during acute hypo and hypernatremia”. Journal of Ap-
plied Physiology 51 (1981): 1086-1091.

Filippatos TD., et al. “Ten pitfalls in the proper manage-
ment of patients with hyponatremia”. Postgraduate Medi-
cine 128.5 (2016): 516-522.

Bernsen HJ and Prick M]. “Improvement of central pontine
myelinolysis as demonstrated by repeated magnetic reso-
nance imaging in a patient without evidence of hyponatre-
mia”. Acta Neurologica Belgica 99.3 (1999): 189-193.

Ashrafian H., et al. “A review of the causes of central pon-
tine myelinosis: yet another apoptotic illness?”. European
Journal of Neurology 8 (2000): 103-109.

Abbott R, et al. “Osmotic demyelination syndrome”. BM]
331.7520 (2005): 829-830.

Laureno R and Karp BI. “Pontine and extrapontine myelin-
olysis following rapid correction of hyponatremia”. Lancet
1(1988): 1439-1441.

Patrick C. “Physician Assistant Review”. Lippincott Wil-
liams and Wilkins (2012): 245.

Assets from publication with us

Prompt Acknowledgement after receiving the article
Thorough Double blinded peer review

Rapid Publication

Issue of Publication Certificate

High visibility of your Published work

Website: www.actascientific.com/

Submit Article: www.actascientific.com/submission.php
Email us: editor@actascientific.com

Contact us: +91 9182824667

Citation: Mir Mohammad Yusuf. “Hyponatremia in Sick Children: A Marker of Critical Illness". Acta Scientific Paediatrics 3.9 (2020): 27-32.


https://ccforum.biomedcentral.com/articles/10.1186/cc1627
https://ccforum.biomedcentral.com/articles/10.1186/cc1627
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2532902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2532902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2532902/
https://pubmed.ncbi.nlm.nih.gov/1750336/
https://pubmed.ncbi.nlm.nih.gov/1750336/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1720733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1720733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1720733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC100882/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646327/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646327/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646327/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033702/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033702/
https://pubmed.ncbi.nlm.nih.gov/2179612/
https://pubmed.ncbi.nlm.nih.gov/2179612/
https://link.springer.com/article/10.1007/BF02730718
https://link.springer.com/article/10.1007/BF02730718
https://link.springer.com/article/10.1007/BF02730718
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6297575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6297575/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943132/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3943132/
https://pubmed.ncbi.nlm.nih.gov/7298447/
https://pubmed.ncbi.nlm.nih.gov/7298447/
https://pubmed.ncbi.nlm.nih.gov/7298447/
https://pubmed.ncbi.nlm.nih.gov/27153450/
https://pubmed.ncbi.nlm.nih.gov/27153450/
https://pubmed.ncbi.nlm.nih.gov/27153450/
https://pubmed.ncbi.nlm.nih.gov/10544728/
https://pubmed.ncbi.nlm.nih.gov/10544728/
https://pubmed.ncbi.nlm.nih.gov/10544728/
https://pubmed.ncbi.nlm.nih.gov/10544728/
https://pubmed.ncbi.nlm.nih.gov/11430268/
https://pubmed.ncbi.nlm.nih.gov/11430268/
https://pubmed.ncbi.nlm.nih.gov/11430268/
https://pubmed.ncbi.nlm.nih.gov/16210283/
https://pubmed.ncbi.nlm.nih.gov/16210283/
https://pubmed.ncbi.nlm.nih.gov/2898591/
https://pubmed.ncbi.nlm.nih.gov/2898591/
https://pubmed.ncbi.nlm.nih.gov/2898591/
https://www.actascientific.com
https://www.actascientific.com/submission.php
mailto:editor%40actascientific.com?subject=

