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Severe hyponatraemia: Current concepts on pathogenesis
and treatment

ABI ABRAHAM M., CHAKKO KORULA JACOB

ABSTRACT
Severe hyponatraemia (serum sodium <120 mEq/L) is a serious
electrolyte disorder associated with life-threatening neurological
complications. It develops most often when the ability of the
kidney to excrete free water is impaired. The initial adaptation
of the brain to hyponatraemia includes loss of water, sodium,
potassium and chloride into the cerebrospinal fluid and the late
adaptation consists of the loss of organic osmolytes. Adaptation
of the brain to hyponatraemia causes potential problems during
therapy, as re-adaptatlon requires a considerably longer time.
Rapid correction ofhyponatraemia may lead to the development
of the osmotic demyelination syndrome. Though the ideal treat-
ment for severe hyponatraemia remains controversial, a consen-
sus regarding therapeutic guidelines has emerged. The rate of
correction and the type of infusate depend on the duration and
cause of the hyponatraemia, clinical presentation, volume status,
renal function and the serum potassium level. The prognosis of
the osmotic demyelination syndrome is rather dismal although
several therapeutic modalities have been tried.
Natl Med J India 2001;14:277-83

INTRODUCTION
Hyponatraemia is the most frequent electrolyte disorder observed
in general medical practice.'> In almost all cases, it is due to an
excess of water rather than sodium depletion. In the majority of
instances, hyponatraemia is mild and patients are asymptomatic.
However, severe hyponatraemia, arbitrarily defined as a serum
sodium concentration <120 mEq/L, is a serious electrolyte disor-
der which exposes patients to the risk of developing major neuro-
logical complications.' Uncorrected severe hyponatraemia pro-
duces cerebral oedema, an increased intracranial pressure and
may cause tentorial herniation. On the other hand, rapid or over-
correction of hyponatraemia could lead to the development of
demyelinating lesions and permanent neurological damage.r" In
the past few years, considerable advances in the field of brain
physiology and various brain adaptive mechanisms have im-
proved our understanding of the neurological events associated
withhyponatraemia. Though the ideal treatment for hyponatraemia
is still debated, a consensus regarding the therapeutic guidelines
has emerged.
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PATHOGENESIS
Hyponatraemia develops most often due to the retention of excess
water rather than sodium depletion. It is either a result of ingestion
of water beyond the maximal excretory capacity of the kidney or
when water excretion by the kidney is impaired, even with
consumption of lesser amounts of water. In an individual who
consumes 4 g of salt and 70 g of protein (700 mOsm solute/day),
at minimal urinary concentration (50 mOsm/kg) the maximal
urine volume possible is 14 L/day (700/50=14). Hyponatraemia
would develop if the daily fluid intake exceeds this limit." This
situation, although rare, can occur due to compulsi ve water drink-
ing in the setting of a severe psychiatric illness." This condition is
called primary polydipsia and most patients who have this disor-
der suffer from schizophrenia+'? Severe hyponatraemia can also
be induced with an acute waterload of 3-4 L. This has been
reported in anxious patients waiting for a radiological examina-
tion or urine testing. II

In most instances, hyponatraemia occurs as a result of reduced
renal free water clearance. The kidney is able to generate free water
only if all of the following conditions are satisfied:

1. Delivery of salt and water to the thick ascending limb of the
loop of Henle must be intact. This requires an adequate renal
plasma flow (RPF) and glomerular filtration rate (GFR) as well
as an adequate delivery of salt and water out of the proximal
convoluted tubule.

2. The thick ascending limb of the loop of Henle must be intact so
that sodium can be removed without water.

3. Antidiuretic hormone (ADH) must be suppressed so that the
collecting ducts do not reabsorb the water generated in the
proximal segments.

A defect involving any of the- above could result in hypo-
natraemia. The important causes of severe hyponatraemia and its
pathogenesis in each of the conditions are discussed later. Hypo-
natraemia caused by hyperglycaemia, and pseudohyponatraemia
seen in hyperlipidaemia and paraproteinaemia are virtually never
severe.

Syndrome of inappropriate ADH secretion and cerebral salt-
wasting syndrome
The syndrome of inappropriate ADH secretion (SIADH) is charac-
terized by primary water retention induced by excessive ADH for
the level of plasma osmolality .12 Inappropriate ADH release due to
any cause produces hyponatraemia by interfering with urinary
dilution and preventing the excretion of ingested water. The ADH
increases water reabsorption predominantly in the collecting ducts
by increasing the expression of aquaporin-2. Various central ner-
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vous system disorders including stroke, infection, trauma and
psychosis can enhance ADH release. 13The other important causes
of SIADH include vasopressin-producing tumours, pulmonary
diseases such as pneumonia and tuberculosis, and a variety of
drugs. The common neoplasms reported to cause SIADH include
small cell carcinoma of the lung and cancer of the pancreas and
duodenum. Drugs which enhance ADH release or its effect include
chlorpropamide, carbamazepine, cyclophosphamide and vincris-
tine.":" Inhibitors of serotoninre-uptake such asfluoxitene, sertraline
and citalopram have also been reported to cause SIADH.I6-18
Hyponatraemia due to SIADH has been reported with quinupristin-
dalfopristin as well. 19Exogenously administered vasopressin can
also cause hyponatraemia, as can desmopressin (dDAVP), a short-
acting analogue of vasopressin used in the treatment of von
Willebrand's disease=" (Table I).

In SIADH, overt signs of hypervolaemia do not accompany
water retention as only one-third of the water is distributed in the
extracellular space. However, a modest expansion of intravascular
volume results in an increased RPF and GFR. Volume expansion
results in reduced proximal tubular absorption of sodium, and the
plasma concentration of substances (uric acid and urea) that are
reabsorbed along with sodium in the proximal convoluted tubule
also tend to be reduced. Once a steady state is reached, urinary
sodium excretion becomes equal to the dietary sodium intake.

Cerebral salt-wasting syndrome (CSWS) is relatively rare and is
described in patients with cerebral disease. It is characterized by
severe renal saltwasting, hyponatraernia=" and volume depletion, in
contrast to SIADH inwhich there iseuvolaemia.22.23Other differences
between the two disorders are given in Table II. The aetiology of this
disorder is not clear. It has been postulated that the release of a
natriuretic peptide (brainnatriuretic peptide) by thehormone-produc-
ing neurones in the brain is largely responsible for the natriuresis."

Postoperative hyponatraemia
The development of postoperative hyponatraemia is attributed to

TABLEI. Causes of syndrome of inappropriate secretion of
antidiuretic hormone (SIADH)

Central nervous system disorders

Mass lesions
Haemorrhage

Stroke
Trauma

Psychosis
Infections

Cancer

Pulmonary tumours Cancer of the pancreas and duodenum

Pulmonary conditions

Pneumonia
Acute respiratory failure

Tuberculosis

Drugs

Chlorpropamide
Carbamazepine
Desmopressin

Vincristine
Serotonin-reuptake inhibitors
Quinupristin-dalfopristin

TABLEII. Differential diagnosis of syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) and cerebral salt
wasting syndrome (CSWS)

Feature SIADH CSW
Extracellular fluid volume
Haematocrit
Bood urea nitrogen
Uric acid
Uric acid after correction ofhyponatraemia

i J,
Normal t

J, r
J, J,

Normal J,
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two factors: (i) infusion of excessive amounts of hypotonic fluids
such as dextrose and hypotonic saline in the acute postoperative
period; and (ii) a high level of ADH in the postoperative period due
to pain, nausea, anxiety, stress and drugs such as morphine, which
prevent the excretion of electrolyte-free water. Under the influence
of ADH, the urine becomes hypertonic and administration of even
isotonic fluids may result in hyponatraemia. 25.26The entire amount
of sodium in 2 L of isotonic saline (300 mmol) can be excreted in
1 L of hypertonic urine, leading to a positive balance of 1 L of
electrolyte-free water in the body resulting in hyponatraemia. This
process is equivalent to 'desalination' of 2 L of isotonic saline.

Severe renal failure
Hyponatraemia can occur in both acute and chronic renal fail-
ure.27.28Patients with severe renal failure have a relative inability
to excrete free water. In such patients, the minimum urine osmo-
lality may be reduced to 200-250 mOsm/kg, despite appropriate
suppression of ADH.29 Fluid intake exceeding the maximum
diluting capacity of the kidney will result in hyponatraemia.

Diuretic-induced hyponatraemia
Almost all cases of diuretic-induced hyponatraemia are due to
thiazide diuretics and not loop diuretics." Thiazides act exclu-
sively in the distal tubule and do not interfere with urinary
concentration or the ability of ADH to promote water retention.
Further, the use ofthiazide diuretics results in the loss of effective
solutes (Na' and K+)in excess of water. Diuretic-induced volume
depletion, which results in impaired water excretion due to en-
hanced ADH release, and decreased fluid delivery into the diluting
segment also contribute to hyponatraemia.

Endocrine disorders
Hypothyroidism, hypoadrenalism and glucocorticoid deficiency
occurring as a result of hypopituitarism may interfere with the
excretion of free water resulting in hyponatraemia. 31-34In all these
conditions water retention is predominantly ADH dependent.v"
Hyponatraemia in primary adrenal deficiency is related to both
hypocortisolism and hypoaldosteronism. However, severe hypo-
natraemia is unusual in isolated hypo aldosteronism as other
hormones such as angiotensin II and norepinephrine may com-
pensate for aldosterone deficiency. Hypersecretion of ADH in
hypocortisolism may be related to a reduction in blood pressure
and cardiac output which is induced by a deficiency of cortisol. In
addition, ADH secretion may be directly stimulated by corticotro-
phin-releasing hormone (CRH) from the paraventricular nuclei of
the hypothalamus. 37Antidiuretic hormone is an adrenocorticotro-
phin hormone (ACTH) secretagogue, and cortisol deficiency
leads to stimulation of CRH secretion and thus ADH production.

Congestive heart failure (CCF) and cirrhosis of the liver
Hyponatraemia in CCF is due to the relati ve inability ofthe kidney
to excrete ingested water." A fall in the cardiac output and mean
arterial blood pressure stimulates the secretion of ADH, renin-
angiotensin and norepinephrine. Angiotensin and norepinephrine
limit the distal water deli very by reducing the renal perfusion and
GFR. Antidiuretic hormone prevents the excretion of free water in
the collecting tubules. Angiotensin II is also a potent stimulus for
thirst, leading to increased water intake. As in CCF, hyponatraemia
due to liver disease is a consequence of the inability to excrete
ingested water." In CCF and cirrhosis, hyponatraemia is often
mild, but it can be severe and its degree depends on the severity of
the primary disorder. 28
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Hyponatraemia due to reduced solute intake
Occasionally, decreased solute intake may also lead to severe
hyponatraemia. Though uncommon, this situation can occur in
elderly individuals with poor dietary intake and in those who
ingest 4-5 L of fluids as beer (beer potomania) and consume very
little food." Even though such individuals excrete maximally
dilute urine, the total amount of urine that can be formed is reduced
by the limited amount of solutes (sodium, potassium, chloride and
urea) in the urine. If the daily dietary solute intake is reduced from
700 mOsm to 150 mOsm, even with minimal urinary concentra-
tion (50 mOsm/kg), the maximum volume of urine that can be
formed daily will be reduced from 14 L to 3 L (150/50=3). If the
daily fluid intake exceeds this amount hyponatraemia would ensue.

Brain adaptation to hyponatraemia
Soon after the development of hyponatraemia, the following
sequence of events occurs. The brain cells exposed to hypotonic
plasma swell as a result of osmotic fluid shifts into the brain. As
the swelling occurs inside the rigid confines of the skull, it may
lead to a reduction in the cerebral blood flow.

The early adaptation of the brain to hyponatraemia-mediated
oedema is by loss of water into the cerebrospinal fluid (CSF). The
initial cerebral oedema elevates the interstitial pressure, creating
a gradient for extracellular fluid movement out of the brain and
into the CSF. This is followed by extrusion of sodium, potassium
and organic osmolytes from the brain cells.40.41The movement of
electrolytes occurs quickly, as it is mediated by the activation of
quiescent cation channels in the cell membrane. Organic solute
loss occurs later because it requires the synthesis of new transport-
ers.? The major osmolytes lost from the brain cells are myoinosi-
tol, glycerophosphatyl choline, glutamate, glutamine, creatinine
and taurine.i'<? Organic osmolytes account for approximately one-
third of the solute loss in chronic hyponatraemia. Most of the
adaptation is achieved within 48-72 hours of sustained
hyponatraemia. The information about the adaptation ofthe brain
has been derived largely from animal experiments; however,
studies in patients with chronic hyponatraemia using regional
quantitative proton magnetic resonance spectroscopy have con-
firmed these findings" (Fig. 1).

If adaptation of the brain is incomplete, increased intracranial
tension develops leading to a marked reduction in cerebral blood
flow and CSF production. If hyponatraemia is not corrected,
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FIG1. Brain adaptation following hyponatraemia
ICF intracellular fluid ISF interstitial fluid CSF cerebro-
spinal fluid

oedema continues to increase with eventual tentorial herniation
and cerebral ischaemia.

Young menstruating women are at a greater risk for developing
severe hyponatraemic symptoms and at a much greater risk (25-
fold compared to men) of developing residual neurological defi-
cits.44,45These gender-related effects may be mediated through the
actions of female sex hormones. Oestrogens have been found to
stimulate vasopressin release and antagonize the various mecha-
nisms for adaptation of the brain which occur following the
development ofhyponatraemia. 46Otherrisk factors for developing
severe hyponatraemic encephalopathy are given in Table III.

Osmotic demyelination. The adaptation that returns brain
volume to normal and protects against the development of cerebral
oedema creates a potential problem for therapy.v-" A rapid in-
crease in the plasma sodium concentration can lead to the osmotic
demyelination syndrome (also called central pontine myelinoly-
sis).4,6 The exact mechanism by which rapid correction of
hyponatraemia results in myelinolysis has not been clearly eluci-
dated. Chronic hyponatraemia is associated with loss of cerebral
osmolytes, and correction of hyponatraemia requires a re-adapta-
tion of the brain cells to re-accumulate the osmolytes lost during
adaptation." Apparently, these re-adaptation events require more
time than adaptation to hypo-osmolality. As a result, during
correction of hyponatraemia, the brain cells become hypotonic to
the extracellular fluid, and water is drawn from the brain cells and
the brain volume shrinks. Further, the levels of sodium and
chloride in the brain overshoot the normal range." During re-
adaptation, there is a delay in the re-accumulation of organic
osmolytes, as transport of these osmolytes requires synthesis of
new transporters.v" Studies on rats have shown that re-accumu-
lation of inorganic ions was complete within 24 hours, while
restoration of organic osmolytes required 5-7 days.49,5oHigh
concentrations of cerebral inorganic ions in the absence of ad-
equate concentrations of organic osmolytes could have a role in the
pathogenesis of myelinolysis. 51The areas affected by myelinolysis
share an intermix of neurones, myelinated fibres and oligodendro-
glia.

It has been suggested that differential swelling and shrinkage
of various cellular elements results in compression of myelinated
fibres and subsequent demyelination.P-" Other researchers have
suggested that an increased number of oligodendrocytes in peri-
fascicular distribution as opposed to interfascicular distribution
account for the vulnerability of the pons and other areas to osmotic
stress." The risk factors for developing osmotic demyelination
syndrome are given in Table III.

CLINICAL PRESENTATION
The clinical manifestations of hyponatraemia are related to the
neurological dysfunction caused by cerebral oedema.v" Nausea
and malaise are the earliest symptoms followed by headache,
lethargy and mental obtundation.v" In severe cases, death can
result from tentorial herniation and brainstem compression. The

TABLEIII. Hyponatraemic patients at risk of developing
neurological complications

Acute cerebral oedema Osmotic demyelination syndrome
Young menstruating women
Elderly women on thiazides
Children
Psychiatric poldydipsic patients
Hypoxaemic patients

Alcoholics
Malnourished patients
Hypokalaemic patients
Burn victims
Elderly women on thiazide diuretics
Liver transplant recipients
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mortality and morbidity correlate more with the rate of decrease of
plasma sodium than the actual magnitude of reduction.

In acute severe hyponatraemia (duration <48 hours), encepha-
lopathy is usually present, whereas in chronic severehyponatraemia
(duration >48 hours) patients may be asymptomatic due to effi-
cient brain adaptive mechanisms. Hypoxia could aggravate the
brain injury due to hyponatraemia; it could also act as a co-morbid
factor by impairing the adaptation of the brain through inhibition
of sodium transport. 56

The clinical manifestations of osmotic demyelination may be
delayed for 2-6 days after the elevation of serum sodium and
include dysarthria, dysphagia, paraparesis or quadriparesis and
rarely, even seizures or coma.t+ The size of the lesions does not
correlate with the severity of neurological illness and patients with
large demyelinating lesions may be asymptomatic. Computerized
tomographic (CT) scanning frequently fails to detect myelinolytic
lesions seen at autopsy. Demyelinating lesions can be detected by
magnetic resonance imaging (MRI), and appear as areas of
increased signal activity on T2-weighted scans and as areas of
decreased signal activity on TI-weighted MRI scans" (Fig. 2).

DIAGNOSTIC APPROACH
This involves the assessment of the extracellular fluid volume
status, measurement of renal function, serum uric acid and urinary
sodium (Fig. 3). Both SIADH and CSWS are characterized by
hypouricaemia; restoration of normonatraemia will result in nor-
malization of uric acid levels in SIADH but in CSWS hypo-
uricaemia will persist. 58.59

TREATMENT
The optimal treatment of hyponatraemia has been a matter of
debate. Controversy exists regarding the rate at which the sodium
level should be corrected. Rapid correction could cause cerebral
demyelination while slow correction would result in the detrimen-
tal effects of persistent hyponatraemia. Some authors advocate a
rapid correction with a final target of 130 mEq/L, but the correc-
tion must not exceed 25 mEq/L in 48 hours." These investigators
are of the opinion that cerebral demyelinating lesions develop only

FIG2. Magnetic resonance imaging (MRI) scan showing
demyelination (saggital TI-weighted image shows a low signal
lesion within the pons and medulla)
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in patients with stable hyponatraemia, who are inadvertently
made hypematraemic during treatment or if the absolute increase
in plasma sodium exceeds 25 mEq/L in the first 24-48 hours of
treatment/" Others recommend a more conservative approach,
suggesting a correction of 0.5 mEq/Llhour and a maximum
increase in serum sodium of 12 mEq/L or 18 mEq/L in 48 hours."
However, it should be emphasized that although most reported
cases of osmotic demyelination occurred when the rate of correc-
tion exceeded 12 mEq/L per day, demyelination could occur with
a rate of correction as low as 9 mEq/L per day."

The rate at which plasma sodium should be corrected depends on
the clinical presentation and duration of hyponatraemia (Fig. 4).

Acute severe symptomatic hyponatraemia (duration <48 hours)
This condition typically develops in hospitalized patients receiv-
ing hypotonic intravenous (i.v.) fluids. Prompt correction is re-
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quired as the risk of acute cerebral oedema far exceeds that of
osmotic demyelination.60,62,63 The objective should be to raise the
plasma sodium at a rate of 1.5-2 mEq/Llhour for the first 3-4
hours or until symptoms resolve. Complete correction, though
unnecessary, is not unsafe.

Chronic severe symptomatic hyponatraemia
If the patient is symptomatic and the duration ofhyponatraemia is
uncertain, careful correction is needed. The primary problem in
these patients is cerebral oedema and any delay in treatment is
more dangerous than the potential consequences of rapid correc-
tion. Such patients require aggressive initial correction at a rate of
1-1.5 mEq/Llhour for the first few hours or until the symptoms
resolve. However, plasma sodium should not be raised by more
than 12 mEq/L over a period of 24 hours, as partial adaptation of
the brain would have already occurred.w= Correction should not
exceed 20 mEq in the first 48 hours, especially in those patients
with additional risk factors for osmotic demyelination (Table III).
Correction to higher than normal serum sodium concentration
should also be avoided."

Treatment overshoot. This may occur despite careful monitor-
ing. If the patient remains asymptomatic, correction may be
slowed or temporarily stopped. If there is any sign of brain
impairment suggestive of osmotic demyelination, an infusion of
5% dextrose or administration of dDAVP may be required to
lower the plasma sodium to a level at which symptoms improve or
disappear.v-" .

Chronic severe asymptomatic hyponatraemia
In this condition, patients are at little risk forneurological damage,
as cerebral adaptation would already have occurred. Rapid correc-
tion is not indicated in them and could be harmful. The current
recommendation is to raise the serum sodium level at a rate of
0.5 mEq/L/hour (less than 10 mEq/L/day). Fluid restriction and
administration of oral salt can achieve this.

Estimation of water excess and sodium (solute) requirement
Apart from hyponatraemia associated with hypovolaemia, severe
hyponatraemia is a disorder of excess water and treatment in-
volves getting rid ofthe extra water. The following formula can be
used to estimate the extra water that must be excreted to achieve
an increment in the serum sodium level.

Excess water = Total body water-(actual serum Navdesired
serum Na") x Total body water

Alternatively, the amount of sodium required for generating
this water loss and hence to correct the hyponatraemia can be
calculated by the formula given below:

Change in serum sodium = Infusate sodium-serum sodium
Total body water + 1

This formula estimates the effect of I L of any infusate on
serum sodium." The objective of giving sodium is to provide an
osmotic load so as to get rid of the excess water. The sodium
concentration of commonly used infusates is given in Table IV.
The estimated total body water (TBW) (in L) is calculated as a
factor of body weight. Normal values for TBW are 0.5 and 0.6
times the lean body weight in women and men, respectively. If the
electrolyte concentration of the infusate is higher than that of
urinary electrolytes, the level of serum sodium will increase as a
result of free water excretion. This formula is based on the
assumption that no gain or loss of water or electrolytes other than
the infusate occurs during the course of treatment. However, in

TABLEIV. Sodium concentration of commonly used infusates

Infusate Infusate sodium (mEq/L)

5% sodium chloride 855
3%sodium chloride 513
0.9% sodium chloride 154
0.45% sodium chloride 77
Ringerlactatesolution 130

actual practice, renal and extrarenal losses of water and electro-
lytes can be substantial and frequent monitoring of electrolytes
and appropriate modification of fluid therapy are essential.

TREATMENT IN SPECIFIC CLINICAL SETTINGS
Treatment ofhyponatraemia primarily involves correction of the
serum sodium level. The mode of treatment including the type of
fluid to be administered and the rate of correction would depend
on the primary abnormality that has caused the disorder. The
therapeutic approach should also be modified depending on the
renal function and the presence of other electrolyte abnormalities
such as hypokalaemia.

Hyponatraemia due to SIADH
In severe hyponatraemia due to SIADH, if the serum sodium
concentration has to be corrected, osmolality of the fluid adminis-
tered must exceed that of the urine." In patients with SIADH,
urine osmolality can be as high as 600 mOsm/kg. If normal saline
is used to correct hyponatraemia, this will only result in a drop in
the serum sodium level. This paradoxical response is due to the
fact that 1L of 0.9% NaCI contains only 300 mOsm of solutes (150
mEq each of Na+and CI-) which can be excreted in 500 rnl of urine
resulting in the retention of the remaining 500 rnl of water and
worsening of hyponatraemia. On the other hand, with hypertonic
saline (3% NaCl), a greater quantity of solute (1026 mOsm; 513
mEq each of Na' and CI-) can be administered in a smaller
quantity of water. The increased solute load will promote water
excretion, eventually raising the serum sodium level. The effect of
hypertonic saline can be further enhanced by the use of a loop
diuretic such as furosemide."

In SIADH, the ADH levels are fixed and the main determinant
of urine output is the solute intake. Hence, in chronic SIADH,
increasing the daily solute intake can enhance water excretion. A
diet with a high content of protein and salt can be recommended
for this purpose.

Severe hyponatraemia in volume depletion
Hypovolaemic hyponatraemia should be corrected with isotonic
saline. However, occasionally administration of isotonic saline in
volume-depleted patients can result in overtly rapid correction of
hyponatraemia. Restoration of normovolaemia will remove the
stimulus for ADH release and result in maximal water excretion,
which may result in rapid correction of hyponatraemia. Hence,
once diuresis starts half normal saline must be given.

Hyponatraemia with severe renal failure
Patients with severe renal failure and hyponatraemia who are
dialysed against high-dialysate sodium can have an acute rise in
serum sodium levels. These patients may be partially protected
against osmotic demyelination, as the concurrent removal of urea
will lower the plasma osmolality promoting water movement into
the brain. The shift of water in the opposite direction will reduce the
risk of cerebral contraction caused by a rise in serum sodium
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concentration. This has been shown in azotaemic rats made se-
verely hyponatraemic by the administration of subcutaneous ADH
and hypotonic fluids. Subsequent rapid correction ofhyponatraemia
was not associated with the development of osmotic demyelina-
tion." On the other hand, rapid correction ofhyponatraemia in non-
azotaemic rats was accompanied by the development of severe
neurologic features suggestive of the osmotic demyelination syn-
drome. However, as a safety precaution most authorities would not
recommend that the difference between the plasma sodium and
dialysate sodium exceed 15-20 mEq/L.

Hyponatraemia in the presence of hypokalaemia
Administration of potassium can raise the serum sodium concen-

. tration and osmolality in a hyponatraemic patient. 73 As most of the
administered potassium goes into the cells, sodium moves into the
extracellular fluid to maintain electroneutrality. In addition, move-
ment of extracellular chloride into the cells along with potassium
increases the intracellular osmolality, promoting free water entry
into the cells. This relationship between sodium and potassium
becomes important in patients with hyponatraemia and hypo-
kalaemia, in whom administration of potassium will correct both
disorders and giving additional sodium may lead to a rapid
elevation in the serum sodium concentration."

Hyponatraemia due to CSWS
Distinguishing between SIADH and CSWS is of great importance
with regard to the therapy. Administration of normal saline is
indicated in patients with CSWS as the extracellular fluid volume
is contracted due to renal salt wasting.Fr" Fludrocortisone, a
synthetic aldosterone-like compound has been used to treat CSWS
with varying degrees of success."

Congestive heart failure and cirrhosis
Severe hyponatraemia in CCF and cirrhosis is associated with a
very poor prognosis. The severity of hyponatraemia parallels the
severity of the primary disorder. Water restriction is the mainstay
of treatment, although this is often difficult. 38 Hypertonic saline
with high-dose furosemide may be used for patients who have
symptomatic hyponatraemia. However, care has to be taken to
prevent the development of osmotic demyelination." Vasopressin
antagonists (specific for V2receptors) can be tried to increase the
free water clearance (discussed later).

OTHER THERAPEUTIC OPTIONS
The following therapeutic agents have been used alone or in
combination with saline for correcting severe hyponatraemia.
These agents work by enhancing the clearance of free water.

Urea
Urea has been proposed for the treatment ofhyponatraemia for more
than 15 years." A number of patients treated with urea achieved a
correction level of >12 mEq/L124 hours without any neurological
sequelae." Urea induces water loss by providing an osmotic load.
The mechanism by which urea prevents the development oflesions
in the brain during the course of correction remains hypothetical.
Urea diffuses into the brain and its accumulation prevents excessive
brain dehydration." Urea could also trigger the accumulation of
organic osmolytes in the brain. It is contraindicated for patients with
renal failure and advanced liver disease.

Demeclocycline and lithium
Demeclocycline and lithium act on the collecting tubule reducing
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its responsiveness to ADH. Both drugs interfere with the genera-
tion and action of cyclic adenosine monophosphate, the intracel-
lular mediator of ADH. These drugs can be considered for patients
with persistent hyponatraemia unresponsive to water restriction,
high salt intake and a loop diuretic." Demeclocycline is more
effective and less toxic than lithium. A daily dose of 600-1200 mg
would be effective in most patients. However, several side-effects
have been reported with this drug including gastrointestinal
disturbances, nephrotoxicity and photosensitivity."

Vasopressin receptor antagonists
ADH receptor antagonists that are selective for the V2 receptor may
be beneficial in patients with SIADH, and in hyponatraemic
patients with congestive heart failure and hepatic cirrhosis.i-"
These agents are currently undergoing phase III trials and will
soon be available for clinical use." They increase the free water
clearance and augment the correction of hyponatraemia.

TREATMENT OF OSMOTIC DEMYELINATION SYNDROME
Osmotic demyelination syndrome is associated with a dismal
prognosis and no effective therapy has yet been discovered.
Dexamethasone and colchicine have been used in experimental
animals but no data from human studies are available." Aggres-
sive plasmapheresis was tried in 3 patients immediately after the
diagnosis; 2 patients had either no or clinically silent neurological
deficits, while the third had only a mild neurological deficit."
Recently, i.v. immunoglobulins at a dose of 400 mg/kg daily have
been successfully used in a patient with diplopia and hemiparesis
due to myelinolysis." Although these results are promising, a
larger number of patients need to be studied to confirm the role of
these therapeutic modalities.

REFERENCES
Anderson RJ, Chung HM, Kluge RM, Schrier RW. Hyponatraemia: A prospective
analysis of its epidemiology and the pathogenetic role of vasopressin. Ann Intern Med
1985;102: 164-8.

2 Narula AS, Murty MS, Prasad O. Hyponatremia revisited. J Assoc Physicians India
2000;48:314-17.
Arieff AI, Llach F, Massry SG. Neurologic manifestations and morbidity of
hyponatremia: Correlation with brain and electrolytes. Medicine (Baltimore) 1976;
55:121-9.

4 Laureno R. Central pontine myelinolysis following rapid correction of hyponatremia.
Ann NeuroI1983;13:232-42.
Karp BI, Laureno R. Pontine and extrapontine myelinolysis: A neurologic disorder
following rapid correction of hyponatremia. Medicine (Baltimore) 1993; 2:359-72.

6 Srivastava T, Singh P, Sharma B. Pontine and extrapontine myelinolysis following
rapid correction of hyponatremia. Neurollndia 2000;48:97.

7 LanggardH, Smith WOo Self-induced water intoxication without predisposing illness.
N Engl J Med 1962;266:378-81.

8 Gillum OM, Linas SL. Water intoxication in a psychotic patient with normal renal
water excretion. Am J Med 1984;77:773-4.

9 Levine S, McManus BM, Blackbourne BO, Roberts WC. Fatal water intoxication,
schizophrenia and diuretic therapy for systemic hypertension. Am J Med 1987;
82:153-5.

10 Ahlawat SK. Severe hyponatraemia in a chronic schizophrenic patient. J Assoc
Physicians India 1999;47:724-6.

11 K1onoffOL, Jurow AH. Acute water intoxication as a complication of urine drug testing
intheworkplace.JAMA 1991;265:84-5.

12 Robertson GL, Shelton RI, Athar S. The osmoregulation of vasopressin. Kidney Int
1976;10:25-37.

13 Sane T, Rantakari K, Poranen A, Tabtela R, Valimaki M, Pelkonen R. Hyponatremia
after transsphenoidal surgery for pituitary tumours. J c/in Endocrinol Metab
1994;79: 1395-8.

14 Weissman P, Shenkman L, Gregerman Rl. Chlorpropamide hyponatraemia: Drug-
induced inappropriate antidiuretic-hormone activity. N Engl J Med 1971 ;284:65-71.

15 Hensen J, Haenelt M, Gross P. Water retention afteroraJ chlorpropamide is associated
with an increase in renal papillary arginine vasopressin receptors. Eur J Endocrinol
1995 ;132:459-64.

16 Fonzo-Christe C, VogtN. Susceptibility of the elderly patient to hyponatremia induced
by selective serotonin reuptake inhibitors. Therapie 2000;55:597-604.



ABI ABRAHAM, JACOB : SEVERE HYPONATRAEMIA: PATHOGENESIS AND TREATMENT 283

17 Levsky ME, Schwartz JB. Sertraline-induced hyponatremia in an older patient.J Am
Geriatr Soc 1998;46: 1582-3.

18 Odeh M, Beny A, Oliven A. Severe symptomatic hyponatremia during citalopram
therapy. Am} Med Sci 200 I ;321: 159-60.

19 Cole RP, Roberts WD, Cheng MD. Hyponatremia associated with quinupristin-
dalfopristin. Ann Intern Med 2000;133:485.

20 Bertholini OM, ButlerCS. Severe hyponatraemia secondary to desmopressin therapy
in von Willebrand's disease. Anaesth Intensive Care 2000;28: 199-201.

21 Dunn AL, Powers JR, Ribeiro MJ, Rickles FR, Abshire TC. Adverse events during use
of intranasal desmopressin acetate for haemophilia A and von Willebrand' s disease: A
case report and review of 40 patients. Haemophilia 2000;6: 11-14.

22 Sivakumar V, Rajshekhar V, Chandy MJ. Management of neurosurgical patients with
hyponatremia and natriuresis. Neurosurgery 1994;34:269-74.

23 Damaraju SC, Rajshekhar V, Chandy MJ. Validation study of a central venous
pressure-based protocol for the management of neurosurgical patients with hyponatremia
and natriuresis. Neurosurgery 1997;40:312-16.

24 Berendes E, Walter M, Cullen P, Prien T, Van Aken H, HorsthemkeJ, etal. Secretion
of brain natriuretic peptide in patients with aneurysmal subarachnoid haemorrhage.
Lancet 1997;349:245-9.

25 Gowrishankar M, Lin SH, MallieJP, Oh MS, Halperin ML. Acute hyponatremia in the
peri operative period: Insights into its pathophysiology and recommendations for
management. ClinNephroI1998;50:352-60.

26 Steele A, Gowrishankar M, Abrahamson S, Mazer CD, Feldman RD, Halperin ML.
Postoperative hyponatremia despite near-isotonic saline infusion: A phenomenon of
desalination. Ann Intern Med 1997;126:20-25.

27 Fine LG, Salehmoghaddam S. Water homeostasis in acute and chronic renal failure.
Semin NephroI1984;4:289-301.

28 Abraham A. Severe hyponatraemia.lndian} NephroI1999;4: 140-6.
29 Tannen RL, Regal EM, Dunn MJ, Schrier RW. Vasopressin-resistant hyposthenuria

in advanced chronic renal disease. N Engl J Med 1969;280: 1135-41.
30 Sonnenblick M, Friedlander Y, Rosin AJ. Diuretic-induced severe hyponatraemia.

Review and analysis of 129 reported patients. Chest 1993;103:601-6.
31 Derubertis FR, Michelis MF, Bloom ME, Mintz DH, Field JB, Davis BB.Impaired

water excretion in myxedema. Am} Med 1971 ;51:41-5.
32 Schrier RW, Linas SL. Mechanisms of defect in water excretion in adrenal insufficiency.

Miner Electrolyte Metab 1980;4:1-18.
33 Linas SL, Berl T, Robertson GL, Aisenbrey GA, Schrier RW, Anderson RJ. Role of

vasopressin in the impaired water excretion of glucocorticoid deficiency. Kidney Int
1980;18:58-67.

34 Shibata T, Oeda T, Saito Y. Severe hyponatremia caused by hypothalamic adrenal
insufficiency.lnternMed 1999;38:426-32.

35 Hanna FW, Scanlon MF. Hyponatremia, hypothyroidism and role of arginine-
vasopressin. Lancet 1997;350:755-6.

36 Oelkers W. Hyponatremia and inappropriate secretion of vasopressin (antidiuretic
hormone) in patients with hypopituitarism. N EnglJ Med 1989;321:492-6.

37 Wolfson B, Manning RW, Davis LG, Arentzen R, Baldino F Jr. Co-localization of
corticotropin releasing factor and vasopressin mRNA in neurons after adrenalectomy.
Nature 1985;315:59-61.

38 Schrier RW. Pathogenesis of sodium and waterretention in high-output and low-output
cardiac failure, nephrotic syndrome, cirrhosis and pregnancy. N Engl J Med 1988;
319: 1065-72.

39 Kelly J, Wassif W, Mitchard J, Gardner WN. Severe hyponatremia secondary to beer
potomania complicated by central pontinemyelinolysis.lntJ Clin Pract 1998;52: 585-7.

40 Melton JE, Nattie EE. Brain and CSF water and ions in dilutional and isosmotic
hyponatremia in the rat. Am} PhysioI1983;244:R724-R732.

41 Verbalis JG, Gullans SR. Hyponatremia causes large sustained reductions in brain
content of multiple organic osmolytes in rats. Brain Res 1991 ;567:274-82.

42 Paredes A, McManus M, Kwon MH, Strange K. Osmoregulation of Na( +)-inositol
cotransporter activity and mRNA levels in brain glial cells. Am } Physiol 1992;
263:CI282-C1288.

43 VideenJS, Michaelis T, PintoP, Ross BD. Human cerebral osmolytes during chronic
hyponatremia: A proton magnetic resonance spectroscopy study. J Clin Invest
1995;95:788-93.

44 Arieff AI. Hyponatremia, convulsions, respiratory arrest, and permanent brain damage
after elective surgery in healthy women. N Engl J Med 1986;314: 1529-35.

45 Ayus JC, Wheeler JM, Arieff AI. Postoperative hyponatremic encephalopathy in
menstruant women. Ann InternMed 1992;117:891-7.

46 Fraser CL, Sarnacki P. Na" K'-ATPase pump function in male rat synaptosomes is
different in males and females. Am} PhysioI1989:257:E284.

47 Stems RH, Cappuccio JD, Silver SM, Cohen EP. Neurologic sequelae after treatment
of severe hyponatremia: A multi centre perspective.U Am Soc NephroI1994;4:
1522-30.

48 Kleinschmidt-DeMasters BK, Norenberg MD. Rapid correction of hyponatremia causes
demyelination: Relation to central pontine myelinoysis. Science 1981 ;211: 1068-80.

49 Strange K. Regulation of solute and water balance and cell volume in central nervous
system.,' Am Soc NephroI1992;3: 12-27.

50 Lien YH, ShapiroJI, Chan L. Study of brain electrolytes and organic osmolytes during
correction of hyponatraemia. Implications for the pathogenesis of central pontine
myelinolysis. } Clin Invest 1991 ;88: 303-9.

51 Verbalis JG, Gullans SR. Rapid correction ofhyponatraemia produces differential effects
on brain osmolytes and electrolyte reaccumulation in rats. Brain Res 1993; 606: 19-27.

52 Goldman JE, Horoupian OS. Demyelination of the lateral geniculate nucleus in central
pontine myelinolysis. Ann Neurol 1981 ;9: 185-9.

53 Kleinschmidt-Demasters BK, Norenberg MD. Neuropathologic observations in
electrolyte-induced myelinolysis in the rat.J Neuropath ExpNeuroI1982;41:67-80.

54 Riggs JE, Schochet SS Jr. Osmotic stress, osmotic myelinolysis, and oligodendrocyte
topography. Arch Pathol Lab Med 1989;113: 1386-88.

55 Arieff AI, Guisado R. Effects on the central nervous system of hypernatremic and
hyponatremic states. Kidney Int 1976;10: I04-16.

56 VexlerZS, Ayus JC, Roberts TPL, Fraser CL, Kucharzyk J, Arieff AI. Hypoxic and
ischemic hypoxia exacerbate brain injury associated with metabolic encephalopathy in
laboratory animals.Z Clin Invest 1994;93:256-64.

57 Morlan L, Rodriguez E, Gonzalez J, Jimene-Ortiz C, Escartin P, Liano H. Central
pontine myelinolysis following correction of hyponatremia: MRI diagnosis. Eur
NeuroI1990;30: 149-52.

58 MaesakaJK, Fishbane S. Regulation of renal urate excretion: A critical review.Am}
Kidney Dis 1998;32:917-32.

59 Maesaka JK, Venketesan J, Piccione 1M, Decker R, Dreisbach AW, Wetherington JD.
Abnormal urate transport in patients with intracranial disease. Am J Kidney Dis
1992;19:10-15.

60 Ayus JC, Krothapalli RK, Arieff AI. Treatment of symptomatic hyponatremia and its
relation to brain damage: A prospective study. N EnglJ Med 1987;317: 1190-5.

61 Stems RH. Severe hyponatremia: Treatment and outcome. A study of 64 cases. Ann
Intern Med 1987;107:656-64.

62 Ayus JC, Krothapalli RK, Arieff AI. Changing concepts in the treatment of severe
symptomatic hyponatremia. Rapid correction and possible relation to central pontine
myelinolysis. Am} Med 1985;78:897-901.

63 Gross P, Reimann 0, Henschkowski J, Damian M. Treatment of severe hyponatremia:
Conventional and novel aspects.v Am Soc NeproI2001;12 (SuppI17):S IO-S 14.

64 BerlT. Treatinghyponatraemia: Damned if we do and darnned if we don't. Kidney Int
1990;37: 1()()(r18.

65 Stems RH. The treatment of hyponatremia: First, do no harm. Am) Med 1990;88:
557-60.

66 Stems RH, Riggs JE, Schochet SS Jr. Osmotic demyelination syndrome following
correction of hyponatremia. N EnglJ Med 1986;314: 1535-42.

67 Soupart A, Ngassa M, Decaux G. Therapeutic relowering of the serum sodium in a
patient after excessive correction of hyponatremia. ClinNephroI1999;51:383-6.

68 Goldszmidt MA, I1iescu EA. DDA VP to prevent rapid correction in hyponatremia.
Clin NephroI2000;53:226-9.

69 Adrogue HJ, Madias NE. Aiding fluid prescription for the dysnatremias.lntensive
Care Med 1997;23:309-16.

70 Rose BD. New approach to disturbances in plasma sodium concentration. Am} Med
1986;81: 1033-40.

71 Decaux G, Waterlot Y, Genette F, Mockel1. Treatment of the syndrome of inappropriate
secretion of antidiuretic hormone with furosemide. N Engl J Med 1981 ;304:329-30.

72 Soupart A, Penninckx R, Stenuit A, Decaux G. Azotemia (48 h) decreases the risk of brain
damage in rats after correction of chronic hyponatremia. Brain Res 2000;852: 167-72.

73 Kamel KS, Bear RA. Treatment of hyponatremia: A quantitative analysis. Am} Kidney
Dis 1993;21:439-43.

74 Sakarcan A, Bocchini J Jr. The role of fludrocortisone in a child with cerebral salt
wasting. Pediatr NephroI1998;12:769-71.

75 Paterna S, Di Pasquale P, Parinello G, Amato P, Cardinale A, Follone G, et al. Effects
of high-dose furosemide and small-volume hypertonic saline solution infusion in
comparison with a high dose offurosemide as a bolus, in refractory congestive heart
failure. Eur} Heart Fail 2000;2:305-13.

76 Decaux G, Brimioulle S, Genette F, Mockei J. Treatment of the syndrome of
inappropriate secretion of antidiuretic hormone by urea. Am} Med 1980;69:99-106.

77 Decaux G, Prosperti F, Narnias B, Soupart A. Effect of urea and indomethacin intake
on solute excretion in the syndrome of inappropriate secretion of antidiuretic hormone.
Nephron 1993;64:47-52.

78 Van Reeth 0, Decaux G. Rapid correction of hyponatraemia with urea may protect
against brain damage in rats. ClinSci (Land) 1989;77:351-5.

79 Forrest IN Jr, Cox M, Hong C, Morrison G, Bia M, Singer I. Superiority of
demeclocycline over lithium in the treatment of chronic syndrome of inappropriate
secretion of antidiuretic hormone. N Engl J Med 1978;298: 173-7.

80 Miller PO, Linas SL, Schrier RW. Plasmademeclocycline levels and nephrotoxicity.
Correlation in hyponatremic cirrhotic patients. }AMA 1980;243:2513-15.

81 Gross P, Palm C. The treatment ofhyponatraemia using vasopressin antagonists. Exp
PhysioI2000;85:S253-S257.

82 Thibonnier M, Coles P, Thibonnier A, Shoham M. The basic and clinical pharmacology
of nonpeptide vasopressin receptor antagonists. Annu Rev Pharmacol Toxicol
2001;41:175-202.

83 SaitoT,IshikawaS, Abe K, Kamoi K, Yamada K, Shimiza K, etal. Acuteaquaresis
by the nonpeptide arginine vasopressin (AVP) antagonist OPC-31260 improves
hyponatraemia in patients with syndrome of inappropriate secretion of antidiuretic
hormone (SIADH).} Clin Endocrinol Metab 1997;82: 1054-7.

84 Oh MS, Choi KC, Uribarri J, Sher J, Rao S, Carroll HS. Prevention of myelinolysis in
rats by dexamethasone or colchicine. Am} NephrolI990;10: 158-61.

85 Bibi 0, Lampl C, Gabriel C, Jungling G, Brock H, Kostler G. Treatment of central
pontine myelinolysis with therapeutic plasmapheresis. Lancet 1999;353: 1155-6.

86 Finesterer J, Engelmayer E, Trnka E, Stiskal M. Immunoglobulins are effective in
pontine myelinolysis. Clin Neuropharmacol2000;23: 110-13.


