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erum sodium levels in critically ill patients can be altered by many factors. The

human body is 60% to 70% water, with approximately 30% of that water as
extracellular fluid and sodium chloride as the major electrolyte (135-145 mEq/L).
Hyponatremia occurs when a person’s serum sodium level is less than 135 mEq/L;
it is the most common electrolyte abnormality among hospitalized patients, occur-
ring in up to 30% of patients in the intensive care unit (ICU).! A sodium level less
than 125 mEq/L is an independent predictor of mortality, especially among criti-
cally ill patients, and should be avoided or corrected when it occurs.?

Syndrome of inappropriate antidiuretic hormone (SIADH) and cerebral salt
wasting (CSW) represent a particularly challenging subset of hyponatremias.
These conditions are exceedingly common in patients with an intracranial disor-
der and neurosurgical patients but also may be seen in other critically ill popu-
lations. In the neurosurgical population, 62% of hyponatremias are caused by
SIADH, and 4.8% to 31.5% are caused by CSW.? These 2 conditions are very
similar and may be hard to differentiate in critically ill patients. This column out-
lines the unique characteristics of SIADH and CSW and provides guidance about
management strategies for optimal outcomes.

Pathophysiology

Hyponatremia can be associated with high, low, or normal serum osmolality.
Normal serum osmolality is between 280 and 295 mOsm/L. It can be measured in
the serum or calculated using the following formula: [2 X sodium] + [blood urea
nitrogen/2.8] + [glucose/18]. Determining osmolality is the first step in evaluating
hyponatremias.

Normal and High Osmolality

Low sodium with normal osmolality is usually referred to as pseudohyponatre-
mia or “false” hyponatremia. The causes of pseudohyponatremia include hyper-
lipidemia, an excess of plasma proteins, and laboratory error.* Hyponatremia
with high osmolality indicates an excess of solute other than sodium, including
glucose, mannitol, and propylene glycol (an ingredient found in some intravenous
[IV] medications). Excess osmolality from hyperglycemia or other substances
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causes water to move from the intracellular to
the extracellular space, leading to a false lower-
ing of the serum sodium value.®

Low Osmolality, SIADH, and CSW
Hyponatremia with low osmolality, or hypo-
tonicity, is further divided into 3 categories,
depending on the patient’s volume status. The
first category is hypervolemia with low osmo-
lality, which is caused by a surplus of water.
Heart failure, liver cirrhosis, and nephrotic syn-
drome are often associated with retention of
water, leading to hypervolemia and dilutional
hyponatremia. Conversely, the second category
is hypotonicity with hypovolemia, which usu-
ally results from excessive water losses. Causes
include vomiting, diarrhea, intense exercise/
sweating, blood loss, diuretic use, and adrenal
insufficiency. Cerebral salt wasting is a form of
hypovolemic hypo-osmolality that is usually re-
lated to a central nervous system (CNS) disor-
der or neurosurgery. The exact mechanism of
CSW is not fully understood, but the end result
is an increase in the renal excretion of sodium,
without an increase in excretion of water, which
decreases the serum sodium level and increases
the urine sodium level.” Euvolemic hypotonicity
is the third category and is caused by excessive
(often psychogenic) water intake, renal insuffi-
ciency, adrenal insufficiency, hypothyroidism,
and, most commonly, SITADH.?

Serum osmolality is primarily regulated in the
body via antidiuretic hormone (ADH), or argi-
nine vasopressin, and the kidneys. Antidiuretic
hormone is released from the pituitary gland
when the body senses an elevation in serum
osmolality. It can also be released in response
to reduced intravascular volume, although high
serum osmolality is the primary trigger.” The
ADH then binds to vasopressin receptors in
the kidneys and causes them to reabsorb water,
without reabsorbing sodium. Release of ADH
in the presence of normal or low serum osmo-
lality is considered “inappropriate,” as water
continues to be reabsorbed by the kidneys, de-
creasing the serum sodium level and increasing
the urine sodium level. The kidneys are still able
to excrete sodium normally, because sodium
excretion is regulated by aldosterone and atrial
natriuretic peptide. This process results in con-
centrated urine, with a high urine sodium level
and high urine osmolality. The urine osmolality
remains constant in SIADH because changes in
water intake/osmolality do not affect ADH se-
cretion, and thus the amount of water excreted
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in the urine in SIADH does not change.”!° The
causes of STADH include CNS disorders, pul-
monary disorders, malignancy, surgery, and
medications (Table 1).”

Symptoms

Symptoms of hyponatremia typically depend
on the acuity and severity of the decrease in so-
dium. A slower or mild decrease in the serum
sodium level can be associated with anorexia,
headache, irritability, and muscle weakness.
A significant subset of patients is asymptom-
atic. More severe symptoms following a rapid
decrease in sodium or a serum sodium level
less than 120 mEq/L include cerebral edema,
nausea, vomiting, delirium, hallucinations,
lethargy, seizures, respiratory arrest, and po-
tentially death.!' Volume status also affects
other symptoms that the patient experiences.
Assessment of volume status is important to
help determine the cause of hyponatremia and
optimal treatment.”

Diagnosis

Differentiating between SIADH and CSW may
be difficult but is an important factor in deter-
mining the appropriate treatment strategy. Both
conditions are encountered in the ICU.”® In
both conditions, patients experience hypotonic
hyponatremia with serum osmolality less than
280 mOsm/L and serum sodium levels less than
135 mEq/L. The urine sodium level (normal 20-
40 mEq/L) is also elevated in both conditions,
with a level often greater than 50 mEq/L. The
primary difference between SIADH and CSW
is the volume status. Patients with STADH are
euvolemic or slightly hypervolemic, whereas
patients with CSW are hypovolemic. Signs of
volume depletion, including orthostatic hypo-
tension, decrease in central venous pressure or
pulmonary capillary wedge pressure, increase in
hematocrit, and physical signs of dehydration,
provide clues that the patient is experiencing
CSW instead of SIADH.”

Rate of Correction

Hyponatremia must be corrected slowly during
treatment, at a rate of about 8 to 12 mEq/L in
24 hours or 0.5 mEq/L per hour. Rapid correc-
tion of the sodium level in hyponatremia has
been associated with central pontine myelinoly-
sis, an irreversible disorder affecting the pontine
white matter of the brain. Central pontine my-
elinolysis can cause altered mental status, flac-
cid quadriplegia, cranial nerve abnormalities,
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Table 1: Causes of Hyponatremia
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Serum Sodium
Level (Normal

Hyponatremia
Conditions by

Serum Osmolality
(Normal 280-295

Urine Sodium
Level (Normal

Osmolality Status 135-145 mEq/L) mOsm/L) 20-40 mEq/L) Potential Causes
Hypertonic
Hyperosmolar N T d Excess of solute
hyponatremia other than
sodium,
including
glucose,
mannitol, and
propylene glycol
Normal osmolality
Pseudohyponatremia d Normal Normal Hyperlipidemia, an
excess of plasma
proteins, and
laboratory error
Hypotonic
Hypervolemic d N N Heart failure,
hyponatremia cirrhosis, and
nephrotic
syndrome
Hypovolemic d N N Vomiting, diarrhea,
hyponatremia intense exercise/
sweating, blood
loss, cerebral salt
wasting, diuretic
use, and adrenal
insufficiency
Euvolemic N d d Excessive water
hyponatremia intake, renal
insufficiency,
adrenal

insufficiency,
hypothyroidism,
and syndrome
of inappropriate
antidiuretic
hormone

and coma.'? Patients who develop hyponatre-
mia more quickly are at higher risk of morbid-
ity and mortality from the condition. Patients
with acute hyponatremia seem to be able to
tolerate a quicker correction of their sodium
values than those with chronic hyponatremia
without as much risk for central pontine my-
elinolysis.”> Serum sodium values should be
monitored frequently (eg, every 6-12 hours)
during correction. The goal serum sodium level
during treatment of hyponatremia is 130 to 135
mEq/L, with 135 mEq/L being the lower limit
of the normal range. This targeted strategy level

usually allows for the reversal of symptoms and
avoids overcorrection of sodium levels.

Treatment Options

The first step in the treatment of SIADH or
CSW is to identify the cause and then reverse
or treat it. The most common reversible causes
of STADH include medications, such as carbam-
azepine, oxcarbazine, cyclophosphamide, and
selective serotonin reuptake inhibitors, and
pulmonary disease, such as pneumonia. Med-
ication-induced STADH can be reversed by dis-
continuing the medication, and STADH caused
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by pneumonia can be reversed by treating the
pneumonia. Unfortunately, many common
causes of SIADH and CSW, such as subarach-
noid hemorrhage and malignancy, are irrevers-
ible, at least in the short term. The next step
is initiation of hyponatremia treatment. Treat-
ment options are outlined in Table 2, along with
dosing and monitoring considerations. The use
of all agents reviewed for the treatment of SI-
ADH and CSW is considered off label, with the
exception of the vasopressin antagonists.

AACN

Fluid Restriction

Fluid restriction is an option for patients with
STADH. This strategy is not an option for pa-
tients with CSW because they are already in a
hypovolemic state, which further stresses the
importance of differentiating between the 2
conditions. Fluid restriction is especially dan-
gerous in patients with subarachnoid hemor-
rhage, because further intravascular volume de-
pletion could increase the risk for vasospasm.”
In SIADH, the total amount of fluid intake

Table 2: Treatment Options for SIADH and CSW

Treatment Use
Fluid restriction SIADH
Isotonic saline csw
Salt tablets Ccsw
Hypertonic saline SIADH

CSW (with caution)

Furosemide SIADH
Demeclocycline SIADH
Lithium SIADH
Urea SIADH
Fludrocortisone csw

Conivaptan SIADH
Tolvaptan SIADH

Dose
800-1200 mL/d

100-200 mL/h IV
(correction rate of
0.5 mEg/L)

Up to 12 g/d orally in
divided doses

0.5 mL/kg/h IV

20-120 mg IV/orally

600-1200 mg/d orally in
divided doses

900 mg/d orally

30 g/d orally

200 mcg twice daily
orally

20 mg IV over 30 min,
then 20-40 mg/d
continuous infusion
over 96 h

15, 30, or 60 mg/d orally

Monitoring®

Volume status, intake,
output, and dehydration
(eg, heart rate, blood
gas pressure)

Volume status, intake, and
output

Volume status, intake, and
output

Volume status, intake,
output, and central
catheter status

Volume status, urine
output, salt intake, and
renally excreted
electrolytes (ie,
potassium, chloride,
and magnesium)

BUN, SCr, and urine
output

Mental status, tremor,
electrolytes, BUN, SCr,
urine output, thyroid
function, CBC, weight,
vomiting, and diarrhea

Nausea, vomiting, mental
status, and BUN

Respiratory function,
potassium, and glucose

Constipation, urine
output, and thirst

Edema, potassium, urine
output, and thirst

Abbreviations: BUN, blood urea nitrogen; CBC, complete blood cell; CSW, cerebral salt wasting; IV, intravenous; SCr, serum creatinine;

SIADH, syndrome of inappropriate antidiuretic hormone.

2ln addition to serum sodium level monitoring.
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should be less than the patient’s total output
(urine and insensible losses). Fluid restriction
of 800 to 1200 mL/d is effective in both acute
and chronic SIADH. However, patients with
SIADH have normal thirst, so fluid restriction
can discomfort the patient and may be difficult
to maintain.'»" Fluid restriction may be espe-
cially difficult to maintain in the ICU because of
continuous infusions, IV antibiotics, and other
medications as obligate intake for the patient.

Isotonic Saline

The primary treatment of CSW is fluid replace-
ment with isotonic (0.9%) sodium chloride,
or normal saline. The first step in treatment of
CSW is to replace the intravascular volume and
maintain a neutral fluid balance."® The total flu-
id requirement for volume replacement can be
calculated by starting with the sodium deficit,
which is determined by subtracting the patient’s
sodium level from a normal sodium level (ie,
140 mEq/L) and then dividing by 2 (ie, [{140 —
sodium} =+ 2]). The next step is to calculate the
total body sodium deficit on the basis of the size
of the patient using the following formula: (so-
dium deficit X [0.6 X weight in kg]). The rate of
sodium replacement should be about 0.5 mEqg/h
to avoid rapid correction; the sodium deficit (in
mEq) + 0.5 (target rate of sodium replacement in
mEq/h) equals the number of hours over which
the sodium should be replaced. Finally, the infu-
sion rate of sodium chloride (in mL/h) is deter-
mined using the following formula: ([total body
sodium deficit + 0.154 mEqg/mL] =+ total hours).
An example calculation is shown in Table 3.
Once the patient is rehydrated, the euvolemic
state can be maintained by matching fluid intake
to the urine output. Although sodium chloride is
the first-line treatment in CSW, it often does not
fully correct the serum sodium level.

Salt Tablets

Oral salt tablets have been used in CSW to re-
place the sodium lost by the kidneys. The goal
of treatment in CSW is to create a positive so-
dium balance in the patient. Sodium chloride
tablets, up to 12 g/d in divided doses, have been
used orally in CSW to correct the serum sodium
level.'* The addition of salt tablets usually oc-
curs if the serum sodium level is still low despite
adequate volume repletion.

Hypertonic Saline
Renal sodium excretion remains intact in
SIADH, so the sodium administered via IV fluid

Drug Update

Table 3: Example Calculation of Sodium

Chloride Replacement in Cerebral Salt
Wasting

Patient data for calculation
Serum sodium level = 124 mEq/L
Weight = 68 kg
Sodium deficit
(140 -124 mEq/L)/2 = 8 mEg/L
Total body sodium deficit
8 mEq/L X (0.6 L/kg X 68 kg) = 326.4 mEq
Total hours for correction
8 mEq/L + 0.5 mEq/h = 16 h
Infusion rate of sodium chloride

(326.4 mEq + 0.154 mEg/mL) + 16 h = 132.56 mL/h

will be excreted in the urine. This concept is
different from fluid replacement in hypovo-
lemia, where both the sodium and water are
retained in the intravascular volume. For this
reason, hypertonic saline is usually preferred
to sodium chloride for STADH. The osmolal-
ity of 3% sodium chloride, which is the most
commonly used concentration of hypertonic
saline, is 1027 mOsm/L, and the osmolality
of sodium chloride is 308 mOsm/L. When so-
dium chloride is administered to a patient with
SIADH, it can actually worsen the hyponatre-
mia because the osmolality of sodium chlo-
ride is less than the osmolality of the patient’s
urine.

Hypertonic saline at a concentration of 3%
or higher must be administered through a cen-
tral catheter. A continuous infusion of 3% so-
dium can be administered at a rate of 0.5 mL/kg
per hour to increase the serum sodium level
approximately 0.5 mEq/L per hour. Serum so-
dium levels must be monitored very carefully
during treatment with hypertonic saline, as the
rate of sodium correction is sometimes vari-
able and difficult to control. Hypertonic saline
can also be used in CSW, with extra caution
to prevent volume depletion. A concentration
of 1.5% sodium chloride may be safer to use
in patients with CSW, especially when the con-
dition is caused by subarachnoid hemorrhage,
to decrease the risk of volume depletion. How-
ever, hypertonic saline is rarely administered in
patients with CSW.
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Furosemide

Furosemide (Lasix), a loop diuretic, has been
used for STADH to promote excretion of excess
water. It blocks the absorption of sodium and
chloride in the kidney, causing excretion of so-
dium, chloride, and water. Furosemide, in com-
bination with electrolyte replacement, has been
shown to increase serum sodium values rapidly
in patients with SIADH. This rapid correction
is especially useful in those patients with acute
hyponatremia.'” The use of furosemide for
STADH must be monitored carefully, and a bal-
ance must be achieved between the furosemide
and salt intake. If the balance is shifted too far
in either direction, the patient can be at risk of
dehydration or fluid overload.

Demeclocycline

Demeclocycline can be used as a treatment for
SIADH and has been used in chronic SIADH in
an attempt to maintain normal serum sodium
levels over the long term. Demeclocycline is a
tetracycline antibiotic that works for SIADH
by inducing nephrogenic diabetes insipidus
(DI) in about 60% of patients. Diabetes insipi-
dus is a condition characterized by decreased
responsiveness to ADH, water excretion, and
inability of the kidneys to concentrate urine.
Demeclocycline causes DI by blocking the va-
sopressin (ADH) receptors in the kidney. Dem-
eclocycline is available orally and is given at a
dose of 600 to 1200 mg in divided doses for SI-
ADH. The effect of demeclocycline is relatively
unpredictable, working in less than two-thirds
of patients, usually starting at days 2 to 5 of
therapy.” Demeclocycline can lead to azotemia
and nephrotoxicity, especially in patients with
hepatic failure and cirrhosis, and significant
photosensitivity.

Lithium

Lithium has been used historically for SIADH. It
works in the same manner as demeclocycline by
causing nephrogenic DI, but it is even less pre-
dictable than demeclocycline, working in only
about 30% of patients.'® Lithium is given oral-
ly, at a dose of 900 mg daily. Lithium was com-
pared with demeclocycline for chronic SIADH
in a small study of 10 patients for whom water
restriction failed to correct the condition. Dem-
eclocycline was shown to be superior to lithium
in both efficacy and safety.!® Adverse effects of
lithium are a significant limitation for its use,
and patients must be monitored for symptoms.
Lithium can cause CNS disturbance, including
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loss of memory, extrapyramldal symptoms, and
myasthenia gravis. It can also cause tremor, car-
diac effects, electrolyte disturbances, nephro-
toxicity, hypothyroidism, leukocytosis, weight
gain, vomiting, diarrhea, and many other ad-
verse effects.

Urea

Urea is an osmotic diuretic that has been used
in SIADH because of its ability to increase
water excretion by the kidneys. Urea has also
been shown to decrease sodium excretion and
help correct the hypotonic state associated with
SIADH. Urea powder is administered orally at a
dose of 30 g daily for SIADH and should be dis-
solved in water or a strongly flavored beverage
(eg, orange juice) to help with the unpleasant
taste.'” In some patients, urea is not completely
effective in maintaining a normal sodium and
water balance, but those patients are able to
maintain an acceptable sodium level with more
liberal fluid restriction.?® Adverse effects of urea
include nausea, vomiting, headache, disorienta-
tion, and azotemia.

Fludrocortisone

Fludrocortisone (Florinef) is a steroid that
causes increased absorption of sodium by the
kidneys and has been studied in hyponatremia.
In a study of patients with subarachnoid hem-
orrhage, fludrocortisone was used to prevent
sodium depletion and maintain a euvolemic
state. Subjects were randomized to receive ei-
ther fludrocortisone 200 mcg twice daily orally
or intravenously or placebo. Fludrocortisone
was significantly more effective than placebo in
maintaining a negative sodium balance for the
first 6 days and the full 12 days of treatment.
Adpverse effects included pulmonary edema, hy-
pokalemia, and hyperglycemia.?! Fludrocorti-
sone is available only in the oral formulation in
the United States. It may be effective for CSW,
but its use is limited by adverse effects.

Vasopressin Antagonists

The vasopressin V2 receptor antagonists are
novel medications that are very effective for
the treatment of hyponatremia. The 2 medica-
tions that are currently available in the United
States are conivaptan (Vaprisol) and tolvaptan
(Samsca). These medications work by binding
to the V2 receptor in the kidney and blocking
ADH (arginine vasopressin) from binding. This
process causes excretion of free water; thus,
these medications are referred to as aquaretics.
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Both agents have been studied in SIADH,**%
with the main difference being that tolvaptan
is available for oral use, and conivaptan is
available for IV use. Another difference is that
conivaptan also blocks the V1a receptor, locat-
ed in the vasculature, and can cause hypoten-
sion, although the clinical significance of this
effect remains undetermined.

Both tolvaptan and conivaptan are effective
in increasing the sodium level in patients with
STIADH.?*%5 Tolvaptan is given orally at a dose
of 15, 30, or 60 mg daily, depending on the so-
dium levels. Adverse effects of tolvaptan include
constipation, dry mouth, thirst, and increased
urination.?> Conivaptan is given as a 20-mg [V
bolus over 30 minutes, followed by a contin-
uous infusion of 20 to 40 mg/d for up to 96
hours. The primary adverse effects of conivap-
tan are infusion-site reactions, edema, hypoka-
lemia, increased urine output, and increased
thirst.?> Vasopressin antagonists should not be
used in patients for whom CSW is suspected.

Conclusion

Hyponatremia is a common electrolyte abnor-
mality seen in the ICU and can be a significant
cause of morbidity and mortality. The manage-
ment of STADH and CSW in the ICU can be dif-
ficult, from the differentiation of the 2 disease
states to the treatment, with minimal evidence
to guide optimal treatment strategies. The pri-
mary treatment strategy for CSW remains iso-
tonic fluid and sodium replacement. Current
evidence suggests that hypertonic saline and va-
sopressin antagonists may be the most effective
treatment strategies for SIADH in the ICU. Ad-
ditional studies are needed to further determine
optimal treatment of hyponatremia in critically
ill patients.
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