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Abstract

strict sodium monitoring.

Hypernatremia is defined as a serum sodium concentration exceeding 145 mmol/L. It is a hyperosmolar state and arises
because of a mismatch between total body sodium and total body water. The causes of hypernatremia include osmoreceptor
or thirst dysfunction, excessive water or hypotonic fluid losses, and, rarely, sodium gain. Considering the normal physiologic
response to hyperosmolality is useful in assessing and treating hypernatremic patients. Treatment of hypernatremia involves
replacing the lost hypotonic fluid and treating the underlying etiology. Calculating the free water deficit or estimating the effect
of one liter of intravenous fluid on a patient’s sodium level are useful guidelines for initial treatment, but they do not replace

Background

Water accounts for 45-60% of an adult’s body weight [1].
Cell membranes separate total body water (TBW) into Extracellular
Fluid (ECF) and Intracellular Fluid (ICF) compartments; each
contains different electrolytes. Sodium and potassium are the major
cations in the ECF and ICF, respectively. The compartmentalization
of electrolytes is essential for cell functioning and is achieved via
Na'- K* pump and selective cell membrane permeability [2]. Water
diffuses through aquaporin channels impeded in the cell membrane
between the ECF and the ICF according to osmotic gradient. As
a result, osmolality (i.e., the number of dissolved particles in a
kilogram of water) in both compartments is equal [3].

Changes in effective plasma osmolality (i.e., tonicity) affect
cell volume and function [4]. Small changes in the composition
and size of neurons and other central nervous system (CNS) cells
have a significant impact on their functioning. The CNS, therefore,
evolved a complex mechanism to defend against osmolar stress.
Cells in the CNS accumulate electrolytes when ECF osmolality
acutely rises and organic osmolytes after prolonged exposure to
hyperosmolality [5].

Plasma osmolality is regulated by a complex interaction
involving osmoreceptors, thirst, Arginine Vasopressin (AVP),
and the kidneys [6]. In short, the hypothalamus, specifically the
subfornical organ and the organum vasculosum of the lamina
terminalis, senses an increase in ECF tonicity [7]. In response, the
hypothalamus releases AVP from the supraoptic and paraventricular

nuclei [8]. AVP in turn acts on the kidneys’ collecting ducts
and increases water reabsorption [8]. Hypertonicity above the
threshold that triggers AVP secretion also stimulates thirst, leading
to increased water intake [9]. Once normal osmolality is achieved,
both the release of AVP and thirst sensation are inhibited [10].

Sodium is the most abundant electrolytes in the ECF
and the primary determinant of its osmolality. Plasma sodium

concentration is a function of total exchangeable sodium (MNa*.)
and total exchangeable potassium {K*.7, as well as TBW [11].
Ma*, + K*,

TEW —25.6

plasma [Na¥]1=1.11

Hypernatremia can accordingly result from either sodium
gain or TBW loss. The toxicity of potassium accumulation prevents
it from influencing the body’s sodium concentration.

Epidemiology and Clinical Manifestation

Community-acquired hypernatremia is uncommon among
healthy adults [12-14]. Hypernatremia is more frequent in
older and hospitalized patients [15,16]. In hospitalized patients,
hypernatremia is associated with increased mortality, longer
hospital stays and discharge to long term care facility [17-19].
Patients with multiple comorbidities or admitted to the intensive
care are particularly at increased risk of developing hypernatremia
[19,20].
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Thirst is one of the first symptoms of hypernatremia, and it intensifies
as the hypernatremia worsens. Elderly individuals, however, have decreased
thirst sensation, and patients with primary adipsia do not get thirsty at all [21].
Furthermore, critically ill patients may lose thirst perception due to intubation,
sedation or altered mental status [22].

Polyuria can be observed in AVP disorders or other causes of kidney water
wasting (e.g., the use of diuretics, osmotic diuresis, post-urinary obstruction
and recovery phases of acute tubular injury). Additional manifestations include
symptoms of hypovolemia and the underlying disease.

Symptoms of generalized CNS dysfunction (e.g., lethargy, irritability,
tremor and confusion) may ensue. In addition, seizures and coma may develop
in cases of severe or acute hypernatremia [23]. Severe acute hypernatremia
can also cause considerable brain shrinkage, leading to vascular injury and
intracranial hemorrhage [24].

Clinical Evaluation

Hypernatremia is commonly caused by water or hypotonic fluid loss. Less
frequently, it is due to net sodium gain or impaired thirst. Common causes of
hypernatremia are listed in Table 1.

Fluid sequestration o Rhabdomyolysis

e Intense exercise

Impaired thirst Impaired access to water Urinary loss GIT and skin loss
e AVP disorders
e Stroke e Coma e Hypercalcemia
TBW loss * Aneurysm e Confusion * Hypokalemia e Osmotic diarrhea
e Tumors . e [oop diuretics .
. e Paralysis . . e Profuse sweating
o Granulomatous disease e Deficient water sunpl e Osmotic diuresis
e Trauma PPLY e Recovery phase of ATI
o Post-obstruction
o Seizures

Isotonic IVF with net increased water loss
Hypertonic IVF

TPN

Sodium chloride intoxication

Sodium gain

ATI: Acute Tubular Injury; AVP: Arginine Vasopressin; IVF: Intravenous Fluid; GIT: Gastrointestinal Tract; TPN: Total Parenteral Nutrition

Table 1: Common Causes of Hypernatremia.

When assessing a patient with hypernatremia, it is useful to repeat
measurements of plasma sodium and osmolality. Symptoms of thirst, altered
sensorium, and access to water are helpful for determining the cause. History
of CNS trauma or surgery, lithium treatment, and polyuria are also helpful.
Other important diagnostics include the presence diabetes mellitus, diuretic use,
diarrhea, and fever.

Typical initial laboratory investigations include plasma osmolality,
sodium, potassium, calcium, glucose, urea and creatinine. Urine osmolality
and urine electrolytes should also be requested. Dilute urine in the presence
of hypernatremia is an indicative of an AVP disorder. Hypercalcemia and
hypokalemia can also cause AVP resistance. A low urinary sodium concentration
and appropriately concentrated urine point to a non-renal cause of hypernatremia
and volume contraction. Selected causes of hypernatremia are discussed below.

Impaired Thirst

Thirst refers to the strong desire to drink. There are several thirst stimuli,
including hypertonicity (ICF contraction), mediated by CNS osmoreceptors, and
hypovolemia (ECF contraction), mediated by angiotensin II [25]. Osmoreceptor

dysfunction typically occurs due to the presence of destructive lesions that
affect the hypothalamus. Common causes of osmoreceptor dysfunction include
vascular diseases such as hemorrhage and anterior communication artery
aneurysms, malignant tumors such as craniopharyngioma, meningiomas and
metastases, and granulomatous diseases such as sarcoidosis and histiocytosis, as
well as traumatic injuries [26].

Impaired Access to Water

Hypernatremia can result from inadequate water intake due to a lack of
response to thirst stimulus. Impaired access to water can result from altered
consciousness (e.g., coma, confusion), motor dysfunction (e.g., aphasia,
paralysis), and a lack of access to water (e.g., a location in the desert or on
the open ocean). In some cases—such as a stroke affecting motor function
and interfering with thirst perception—it is difficult to distinguish the cause of
hypernatremia.

Arginine Vasopressin Disorder

Arginine vasopressin disorders (formerly known as diabetes insipidus) are
caused by an AVP deficiency or a reduction in its effects on the kidneys [27]. The
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hallmarks of AVP disorders are polyuria of dilute urine and a lack
of urine concentration upon fluid deprivation [28]. Hypernatremia
is unusual in adults with AVP disorder who have a free access to
water. Arginine vasopressin deficiency (AVP-D) results from a
deficiency of AVP; AVP resistance (AVP-R) is a consequence of
a diminished AVP effect on the kidneys. Both AVP-D and AVP-R
are often acquired, but genetic factors should be considered
when the disease occurs in early childhood [29]. Desmopressin
administration can distinguish between AVP-D and AVP-R based
on changes in urine osmolality; osmolality increases significantly
in the former, but not in the latter [30]. Copeptin is a polypeptide
released during normal AVP secretion. It is stable and can be used
as a surrogate for AVP level [31]. A high copeptin level indicates
AVP-R; a low copeptin level indicates AVP-D [32].

Gastrointestinal and Urinary Fluid Loss

For hypernatremia to occur due to fluid loss, the lost fluid
must have a lower concentration of electrolytes than the plasma and
lead to a net loss of free water. Osmotic diuretics and glucosuria can
result in net urinary water loss. Loop diuretics cause an increase
in urinary water loss and reduced kidneys’ concentrating ability
[33]. Hypernatremia may also result from diarrhea caused by
malabsorption or osmotic laxative. In contrast, secretory diarrhea
causes isosmotic fluid loss and can lead to hypovolemia without
causing hypernatremia [34].

Fluid Sequestration

Intense physical exertion can lead to hypernatremia [35].
Anaerobic metabolism during intense exertion can lead to
intracellular accumulation of lactate, an increase in intracellular
osmolality, and water shift to ICF. Intense exertion also causes
increased hypotonic fluid losses. A similar effect has been observed
in patients suffering from generalized tonic clonic seizures and
rhabdomyolysis. [36].

Sodium Gain

Although hypernatremia is typically caused by a net water
deficit, a significant proportion of cases of hypernatremia in
critically-ill patients can be attributed to sodium gain [37]. Along
with a positive sodium balance, decreased kidney function and
reduced sodium excretion are risk factors for hypernatremia in
critically-ill patients [38]. Furthermore, critically-ill patients
commonly have increased insensible water loss and impaired thirst
[39]. In rare cases, hypernatremia can result from the ingestion of
large amounts of sodium chloride (sodium chloride intoxication)
[40].

Management

Patients with hypernatremia often have a deficit in both
water and electrolytes. The initial treatment goal is to achieve
hemodynamic stability. Once hemodynamic stability is achieved

with isotonic fluid, water and electrolyte deficits can be replaced at
aslower pace. Apart from achieving hemodynamic stability, the use
of isotonic fluid in the treatment of hypernatremia is inappropriate.
The sodium concentrations of commonly used intravenous fluids
(IVFs) and their distribution to the ECF are listed in Table 2 [41].

Fluid (m[gz;}L) ECF di(s(;:)ibution
0.9% sodium chloride 154 100
Ringer’s lactate 130 97
0.45% sodium chloride 77 73
0.2% sodium chloride 34 55
Dextrose 5% 0 40

Table 2: Sodium concentration of commonly used IVFs and their
ECF distribution

The enteral route is preferred for fluid replacement.
The free water deficit can be estimated as follows: Free water
deficit=TBW x(Patient"’ s[Na*]-140)/140. The TBW is 0.5 per kg
body weight, or even lower in severely dehydrated patients.

Due to the CNS’s adaptation to chronic hyperosmolality,
the duration of hypernatremia should be considered [23].
Hypernatremia lasting more than 48 hours or of unknown duration
is considered chronic and corrected slowly to avoid brain edema.
However, hypernatremia undercorrection is common and found
to be associated with an increased risk of death [18,42,43] and
correcting hypernatremia at a rate above 12 mmol per 24 hours
appears to be safe and associated with better survival [44]. In
addition, brain edema was not reported in adults with a correction
rate exceeding 0.5 mmol/L/hour [45]. Acute hypernatremia,
on the other hand, should be corrected at a faster pace. The
target correction rate is probably 0.5 mmol/L/hour for chronic
hypernatremia and 1 mmol/L/hour for acute hypernatremia; a
faster correction rate should be achieved for acute hypernatremia
with severe CNS complications.

When managing hypernatremia, insensible and ongoing
fluid losses should also be considered. Insensible water loss (IWL)
is evaporative water loss from the skin and respiratory tract. It does
not contain electrolytes. Under normal conditions, IWL is roughly
10 ml/kg/day, and it is matched by the water content of the solid
food being ingested [46]. Insensible water loss increases during
fever, tachypnea, hot weather and in the case of burns [41].

For example, a 60-year-old male patient weighing 80 kg
is admitted due to intestinal obstruction and has had diuretic
use. His admission BP is 95 / 60 mmHg, his pulse is 110 beats
per minute, and his serum sodium concentration is 160 mmol/L.
After receiving 1.5 liters of isotonic fluid, his hemodynamics
improved. The management plan involves correcting hypovolemia
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and lowering sodium concentration by 12 mmol/24 hours using
0.2% sodium chloride (0.2%NacCl), inserting a nasogastric tube,
and keeping the patient Null Per Orris (NPO) while waiting for
definitive treatment.

The estimated free water deficit of the above patient is
40%(160-140)/140=5.7 L. The water volume required for the first
24 hours is 5.7x12/20 = 3.4 L. Given that the patient is NPO, he
will require 800 ml to replace the IWL. The total water required
is therefore 3.4 + 0.8 = 4.2 L. To convert to 0.2% NaCl: 4.2/(1-
0.2)=5.2L/24 hours, or 215 ml/hour. Alternatively, the effect of
one liter of IVF on the patient’s sodium can be calculated [23].
The effect of one liter of IVF=(Infusate [Na']-patient’ s[Na*])/
(TBW+1) = (34-160)/(40+1)=-3, i.e., each liter of 0.2% NaCl will
decrease the sodium concentration by 3 mmol. Consequently, the
patient will require 4 L/24 hours to lower sodium concentration
by 12 mmol. The patient will need another liter of 0.2% NaCl to
replace IWL, which leads to an IVF rate of 210 ml/hour. Frequent
clinical evaluation, sodium level monitoring every 4 to 6 hours
and assessing the ongoing fluid losses, should guide subsequent
IVF rate.

Desmopressin, an AVP analogue, is the treatment of
choice for patients with AVP-D [47]. Patients with AVP-R can
be treated with variable interventions to reduce polyuria and
enhance urine concentration. Interventions such as stopping the
offending medication, if possible, salt and protein restrictions,
using NSAIDs, thiazides, amiloride, and acetazolamide might be
beneficial [48-51].

Treatment of hypernatremia caused by excess sodium (i.e.,
hypervolemic hypernatremia) aims to achieve a negative sodium
and water balance. This can be achieved by restricting sodium
intake, loop diuretics, and free water replacement [52]. Finally,
dialysis therapy may be indicated in cases of sodium chloride
intoxication or if the kidney function is inadequate to excrete the
sodium and water loads [53-55].

Conclusion

Hypernatremia exposes the CNS to hypertonic stress and
primarily leads to neurological manifestations that are more
pronounced with acute sodium increases. Chronic hypernatremia
leads to an adaptive increase in osmolality of CNS cells. Therefore,
it should be corrected slowly to avoid brain edema. However, there
is a lack of reports on this side effect in adults [9,44]. Furthermore,
there is a lack of evidence from randomized studies to recommend
the optimal rate of hypernatremia correction [56,57].
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