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Abstract

Hyponatremia is the most frequently encountered electrolyte disorder in cancer patients and is usually
multifactorial in its origin. In this review, we discuss the predisposing factors, pathophysiology, clinical
symptomatology, and currently available diagnostic and therapeutic options for the management of hyponatremia.
In addition to paraneoplastic syndromes, concurrent chemotherapy and comorbidities predispose oncology
patients to the risk of hyponatremia. Initial symptoms and signs can be subtle and the prompt evaluation and
initiation of treatment is of paramount importance to prevent neurocognitive and other complications. The
syndrome of inappropriate antidiuresis (SIAD) is the most common cause of hyponatremia, and the use of serum
and urine parameters that distinguish SIAD from other etiologies is discussed. Individualized treatment is preferred
depending on the underlying cause and severity of hyponatremia. The treatment of hyponatremia is reviewed and
the importance of avoiding rapid overcorrection of the sodium level to reduce the risk of osmotic demyelination
syndrome is emphasized. Vasopressin receptor antagonists (vaptans) offer a direct approach to the management
of euvolemic and hypervolemic hyponatremia, but the indications for their use and long-term safety need to be
clarified. The treatment of hyponatremia is likely to reduce complications and improve survival in cancer patients.
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INTRODUCTION

Dysnatremias are common electrolyte imbalances in cancer patients. Hyponatremia (serum
sodium < 135 mEq/L) is the most common electrolyte abnormality encountered in clinical practice.
Oncology patients are particularly at risk of developing hyponatremia due to their underlying cancer
(including associated paraneoplastic syndromes), predisposition to infections, antibiotic use, concurrent
chemotherapy, and nausea and pain. Hyponatremia in cancer patients is a predictor of outcome, hospital
length and cost of stay, and an independent predictor of mortality in the intensive care unit” ™. The
syndrome of inappropriate antidiuresis (SIAD) is a frequent cause of cancer related hyponatremia[él.
Hyponatremia due to ectopic arginine vasopressin (AVP; also known as antidiuretic hormone or ADH)
production has been identified in 24.6% of small cell lung cancer patients and is associated with shorter
survival”. After brain metastasis, hyponatremia is the second leading cause of neurologic disorders in
patients with small cell lung cancer"”. Other malignancies with a high prevalence of hyponatremia include
gastrointestinal, hematological, breast and urological malignancies[gl. Many chemotherapeutic agents
coupled with hydration protocols can cause hyponatremia. Concomitant use of thiazide diuretics"” and
opioid derivatives used for the management of cancer-related pain increase AVP release and contribute
to hyponatremia[s]. Vincristine and vinblastine have neurotoxic effects on the hypothalamic-pituitary-
thyroid axis and cause hyponatremia while cyclophosphamide enhances the effect of AVP on the kidneys.
Furthermore, cisplatin and carboplatin stimulate production of AVP and inhibit absorption of sodium
by renal tubules. Treatment strategies with targeted therapies (inhibitors of angiogenesis, anti-epithelial
growth factor tyrosine kinase receptor inhibitors and monoclonal antibodies) in cancer patients increases
the incidence of hyponatremia (25.5%) in the treatment group. Higher incidence of hyponatremia is
observed with a treatment combination of cetuximab and brivanib (63.4%) as well as with pazopanib
(31.7%)"". Patients receiving chemotherapy generally increase their free water intake. In small cell lung
cancer patients receiving chemotherapy, tumor lysis syndrome increases the risk of hyponatremia due to
increased release of AVP. In this clinical situation hyponatremia could be prevented by water restriction
before the start of chemotherapy.

In cases of symptomatic hyponatremia, pharmacologic intervention may be necessary to increase serum
sodium levels'™. The management of hyponatremia is becoming increasingly important in oncology due
to the negative correlation of hyponatremia with performance status and the prognosis of cancer”""
Treatment of hyponatremia in small cell lung cancer patients is associated with improved survival"”.
Sodium normalization is an independent prognostic factor for improved overall survival and progression
free survival in patients with advanced non-small cell cancer with hyponatremia treated with first line
chemotherapy or targeted therapy[”]. Failure to identify the potential cause of hyponatremia and delay in
appropriate treatment plan places the patient at risk of an adverse outcome. In this review, we discuss the
initial evaluation, diagnostic algorithm and treatment of hyponatremia in cancer patients.

CLINICAL PRESENTATION

Symptoms of hyponatremia have variable clinical presentations, can be nonspecific and confounded by
other comorbidities, and can range from mild cognitive deficits to severe neurologic symptoms. Symptoms
of mild hyponatremia are nonspecific and may manifest as malaise, anorexia, muscle cramps, nausea,
confusion, lethargy, and headache. More severe neurologic manifestations such as vomiting, somnolence,
seizures, respiratory arrest, coma, and death are due to cerebral edema. Symptoms are often subtle, if
present at all, in patients with chronic hyponatremia in which the brain has had time to adapt to the
hypotonic state. Chronic hyponatremia is associated with falls and increased risk of fracture™. A rapid
decrease in serum sodium induces symptoms at a higher sodium level and the severity of symptoms reflect
the degree of brain edema and guide the urgency of management. Patients with acute hyponatremia are at
risk of permanent neurologic impairment.
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PATHOPHYSIOLOGY OF HYPONATREMIA

Hyponatremia denotes a state of relative excess free water in relation to sodium in conjunction with
impaired free water excretion. AVP regulates water balance in the body. AVP release is regulated by
changes in effective osmolality or hypotonicity. Sodium is the major determinant of serum osmolality.
Osmoreceptors, located in the anterior hypothalamus, detect changes in effective serum osmolality and
regulate the release of vasopressin and thirst. An increase in serum osmolality activates osmoreceptors
leading to secretion of vasopressin from the posterior pituitary. The threshold for releasing vasopressin is
lower than for triggering thirst to avoid persistent thirst"”. Hyponatremia is a state of low effective serum
osmolality or hypotonicity. Effective serum osmolality refers to the number of osmoles that contribute
water movement between intracellular and extracellular compartments determined by the relative solute
permeability properties of the membranes separating the compartments. Total osmolality reflects the
concentration of all solutes in a given weight of water (mOsm/kg) regardless of the permeability properties
of the separating membrane. A calculated serum osmolality [calculated serum osmolality (mOsm/kg) = 2 x
Na (mEq/L) + glucose (mg/dL)/18 + urea (mg/dL)/2.8] < 275 mOsm/kg could refer to isotonic, hypotonic or
hypertonic hyponatremia, depending on which osmoles are included in the formula, whereas a measured
serum osmolality < 275 mOsm/kg always indicates hypotonic hyponatremia.

Clarification of tonicity is important because isotonic hyponatremia does not cause cerebral edema. The
basolateral membrane of the renal collecting duct is permeable to water (aquaporin-3 and aquaporin-4
water channels). Vasopressin acts at the vasopressin-2 receptor on the cells of the renal collecting duct
leading to fusion of acquaporin-2 in the apical membrane allowing water to enter into the cells of the
collecting duct and ultimately to the circulation. Reabsorption of water from the collecting duct increases
the concentration of sodium and other electrolytes in the urine, and concentrates urine. Low serum
osmolality (normal range 285-295 mOsm/kg) decreases vasopressin release leading to excretion of free
water from renal tubules. Patients with a reset osmostat, as seen in hypovolemia (baroreceptor stimulation),
quadriplegia, and psychosis, have mild hyponatremia that is unresponsive to changes in fluid and water intake.
Patients with a reset osmostat excrete 80% of a water load (10-15 mL/kg given orally or intravenously) within
four hours, while patients with STAD have impaired water excretion. Fractional excretion of urate [FEurate
(%) = (urine urate x serum Cr)/(serum urate x urine Cr) x 100] is also normal (4%-11%) in patients with a
reset osmostat while patients with SIAD have elevated FEurate (> 11%)['4]. Identification of a reset osmostat
is important because the risk of severe hyponatremia is low. In addition, treatment is not necessary and
likely to be ineffective, since bringing sodium to the normal range will increase thirst™. Since AVP release
is controlled by hemodynamic and nonhemodynamic stimuli, cancer patients are at risk of hyponatremia
due to hemodynamic (hypovolemia, hypotension, congestive heart failure, and nephrotic syndrome) and
non-hemodynamic stimuli (pain, stress, nausea, vomiting, hypoxemia, hypercapnia, perioperative state

and infections)[m].

Pseudohyponatremia (a lab artifact) is due to an inaccurate measurement of sodium in the presence of
abnormally high concentration of proteins and lipids in the blood. Larger relative proportion of plasma
is occupied by excessive lipids and proteins. In this situation, serum osmolality is actually in the normal
range since total number of solutes in the plasma remain the same. Monoclonal gammopathies can also
cause pseudohyponatremia®’. Patients undergoing urological and gynecological surgery can have high
serum osmolality due to mannitol and glycine absorbed in the circulation during irrigation. Effective
osmoles, e.g., mannitol, glycine and glucose (seen in uncontrolled diabetes), increase serum osmolality by
shifting water from intracellular compartments.

CLASSIFICATION OF HYPONATREMIA

Hyponatremia is classified on the basis of biochemical severity, rapidity of onset, development of symptoms,
measured serum osmolality, and volume status. Acute hyponatremia is defined as hyponatremia that is
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documented to exist < 48 h. The risk of cerebral edema increases in patients with acute hyponatremia since
brain cells have less time to adapt to a hypotonic environment. Conditions predisposing cancer patients to
acute hyponatremia include a postoperative state (especially after prostate and uterine surgery), polydipsia,
thiazide diuretics, and infusion of cyclophosphamide. Brain cells adapt to hyponatremia by extruding sodium,
chloride, and organic osmoles from cells. After adaptation, a rapid increase in serum sodium, as potentially
seen after hypertonic saline administration, can cause damage to the myelin sheath leading to osmotic
demyelination. In most clinical situations in which the duration of hyponatremia is less clear, hyponatremia
should be considered chronic and managed accordingly to avoid the risk of osmotic demyelination[m]. Mild
hyponatremia refers to serum sodium levels ranging from 130 mEq/L to 135 mEq/L; moderate hyponatremia
refers to serum sodium levels ranging from 125 mEq/L to 129 mEq/L; profound hyponatremia refers to serum
sodium levels < 125 mEq/L. Assessment of volume status in hyponatremia is challenging because of the
variability in individual clinical assessment. Furthermore, in this context it should be clarified whether
volume status refers to effective circulating volume, total body water or extracellular fluid™’. In addition to
absolute serum sodium levels, other factors that guide treatment of hyponatremia include symptoms and
the rate of development of hyponatremia.

EUVOLEMIC HYPONATREMIA

Euvolemic hyponatremia results from low solute intake or STAD and is a major cause of hyponatremia
in cancer patients. Several malignancies are associated with SIAD. SIAD results from the abnormal
production (increased release from the neurohypophysis or ectopic production) or action of AVP resulting
in an excess of total body free water relative to sodium. SIAD is defined by hyponatremia (serum Na
< 135 mEq/L) and an inappropriately concentrated urine (urine osmolality > 100 mOsm/kg, usually >
300 mOsm/kg) in the presence of low serum osmolality (< 275 mOsm/kg), euvolemia, and normal renal
function. Renal sodium excretion is increased (usually > 30 mEq/L in a random urine sample) due to
decreased aldosterone production and possibly increased secretion of natriuretic peptides[”’m], which
helps to distinguish SIAD from hypovolemic and hypervolemic hyponatremia. Urine sodium is typically
< 30 mEq/L in hypovolemic and hypervolemic hyponatremia, unless there is an underlying process
contributing to renal sodium loss such as diuretic use”. Additional criteria that help to diagnose SIAD
include serum osmolality less than the urine osmolality, low serum uric acid < 4 mg/dL and serum blood
urea nitrogen (BUN) < 21.6 mg/dL, elevated fractional sodium excretion > 0.5%, fractional urea excretion >
55%, and fractional uric acid excretion > 11%.

Causes of SIAD are outlined in Table 1. SIAD is a diagnosis of exclusion. Other causes of euvolemic
hyponatremia include adrenal insufficiency and hypothyroidism. Hematocrit levels and serum
! due to hemodilution. These analytes
could be elevated in hypovolemic hyponatremia[m. In the diagnosis of SIAD, diagnostic tools that are less

concentrations of uric acid and BUN may be decreased in SIAD

useful, and potentially dangerous in the latter case, include AVP levels and water loading tests [Table 2].
Cancer patients can have a combination of SIAD and other processes that contribute to hyponatremia.
Therefore, the management of these patients is often complicated and relies on the recognition of such co-
morbidities. Hyponatremia could be a marker of occult malignancy[m. Patients with an unidentifiable
cause of SIAD should have a chest X-ray. Furthermore, a chest CT should be considered in patients with
a history of smoking and a MRI of the brain in patients with persistent neurologic symptoms and signs

despite correction of hyponatremia®™

HYPERVOLEMIC HYPONATREMIA

Patients with congestive heart failure, nephrotic syndrome, liver and kidney disease can have hypotonic
hyponatremia with increased extracellular fluid volume due to reduced effective arterial volume that
activates baroreceptor-mediated neurohormonal release of vasopressin. Concomitant use of diuretics,
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Table 1. Causes of syndrome of inappropriate antidiuresis

Tumors Infections Drugs Other
Chemotherapy agents
Extrapulmonary small cell AIDS Cisplatin Postoperative state (major
carcinoma Encephalitis Cyclophosphamide abdominal or thoracic surgery;
Lymphoma Hydrocephalus Ifosfamide pituitary surgery or other
Meningeal carcinomatosis Idiopathic, Vinristine neurosurgery)
Metastatic brain and spine particulary in the Vinblastine Hydrocephalus
tumors elderly Melphalan Cavernous sinus Thrombosis
Olfactory neuroblastoma Meningitis Methotrexate Multiple sclerosis
Ovarian teratoma Pneumonia (bacterial Targeted Therapies: Guillain-Barre Syndrome
Endometrial carcinoma and viral) Afatinib Delirium Tremens
Pancreatic carcinoma Pulmonary abscess Brivanib Acute intermittent porphyria
Primary brain tumors Aspergillosis Cetuximab Acute respiratory failure
Prostate carcinoma Tuberculosis Geftinib Acute Psychosis
Bladder carcinoma Brain abscess Linifanib Stroke
Small cell lung carcinoma and ~ Rocky mountain Pazopanib Subarachnoid hemorrhage and
other pulmonary tumors spotted fever Sorafenib other intracranial hemorrhages
Thymic tumors Malaria Vorinostat Traumatic brain injury
Sarcomas General anesthesia
Non-chemotherapy agents Nausea
Desmopressin/Vasopressin Pain
Methylenedioxymethamphetamine Stress
NSAIDs
Opiates
Oxytocin

Phenothiazines

Prostaglandin-synthesis inhibitors

Rosiglitazone

Selective serotonin reuptake inhibitors (SSRIs)
Selective norepinephrine reuptake inhibitors (SNRIs)
Thiazide diuretics

Ciprofloxacin

Tricyclic antidepressants

Chlorpropamide

e.g., thiazides, loop diuretics and spironolactone, may also contribute to hyponatremia. Reduced oncotic
pressure in nephrotic syndrome has a similar effect due to baroreceptor-mediated neurohormonal
activation. Chemotherapy induced tubulopathy decreases the ability of the kidney to excrete free water.

Increased free water intake in the presence of kidney disease causes hypervolemic hyponatremia[m]

HYPOVOLEMIC HYPONATREMIA

Reduced effective circulatory volume (as seen in pancreatitis, bowel obstruction, sepsis, diarrhea, and
sweating) increases vasopressin release leading to increase water retention and hyponatremia that worsens
with hypotonic volume repletion[w]

CEREBRAL SALT WASTING SYNDROME

Cerebral salt wasting (CSW) syndrome is a clinical entity primarily but not exclusively associated with
intracranial disease that leads to hyponatremia and decreased extracellular fluid volume™”. Although
most commonly described in neurosurgical patients with subarachnoid hemorrhage, CSW is also seen in
cerebral neoplastic dissemination in brain metastasis'”. However, CSW syndrome remains controversial
and incompletely understood.

CSW is associated with primary overproduction of atrial natriuretic peptide and brain natriuretic peptide
resulting in a decrease in sodium and water reabsorption in the kidney while reduced sympathetic outflow
in intracranial disease reduces activity of renin-angiotensin system and increases natriuresis” . CSW
syndrome may lead to a clinical picture similar to SIAD"", Laboratory findings common to SIAD and
CSW syndrome include hypotonic hyponatremia, increased fractional excretion of urate (FEurate > 11%),
high urine osmolality (> 100 mOsm/kg), and urine sodium (> 30 mE/L) in the presence of normal thyroid,
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Table 2. Criteria for diagnosis syndrome of inappropriate antidiuresis™*"’

Essential criteria Supplemental criteria

Serum osmolality < 275 mOSm/kg Blood urea nitrogen < 10 mg/dL
Urine osmolality > 100 mOSm/Kg Serum uric acid < 4 mg/dL
Clinical euvolemia: FEurate' > 11%

Absence of signs of hypovolemia* and hypervolemia**  FENa' > 1%

Central venous pressure 6-10 cm H,0O FEurea' > 55%
Urine sodium > 30 mEqg/L Correction of hyponatremia through fluid restriction
No evidence of hypothyroidism, adrenal insufficiency Failure to correct hyponatremia after 0.9% saline infusion

No diuretic use
No renal insufficiency

*Signs of hypovolemia (decreased skin turgor, orthostasis, dry mucus membranes, tachycardia). **Signs of hypervolemia (edema,
ascites). ‘FEurate (%) = (urine urate x serum Cr)/(serum urate x urine Cr) x 100. 'FENa (%) = (urine sodium x serum Cr)/(serum Na x
urine Cr) x 100. 'FEurea (%) = (urine urea nitrogen x serum Cr)/(blood urea nitrogen x urine Cr) x 100

adrenal, and renal function. After normalization of hyponatremia, FEurate normalizes in patients with
SIAD (FEurate 4%-11%) but remains persistently elevated in CSW (FEurate > 11%)"". Clinical symptoms
and signs of hypovolemia (decreased skin turgor, orthostasis, dry mucus membranes, tachycardia) and
low central venous pressure in the setting of normal kidney function denote CSW. Serum AVP levels
are elevated as seen in patients with hypovolemia[“]. Identification of CSW from SIAD is of paramount
importance to guide appropriate therapy; aggressive volume and salt repletion in CSW versus fluid
restriction in SIAD.

After correction of hypovolemia, sodium loss is repleted with sodium chloride tablets and fludrocortisone
with close monitoring of serum electrolytes"”
hyponatremia[”]

. Rarely, hypertonic saline is required to correct

APPROACH TO THE DIAGNOSTIC EVALUATION OF HYPONATREMIA

The initial step in the evaluation of hyponatremia is to measure serum osmolality. If hyponatremia is
associated with hypoosmolality, the next step will be to measure urine osmolality and urine sodium. SIAD
is a diagnosis of exclusion after ruling out other causes of euvolemic hyponatremia such as hypothyroidism
(free T4, thyrotropin stimulating hormone) and adrenal insufficiency (total cortisol, adrenocorticotropic
hormone). Other causes that could be excluded in cases of hypotonic hyponatremia are decreased effective
circulating blood volume and renal insufficiency™ [Figure 1].

Copeptin is secreted from the posterior pituitary along with AVP. There is a strong correlation between
plasma AVP levels and copeptin levels. Although copeptin levels tend to be highest in small cell lung
cancer, evaluation of copeptin levels between cancer-related versus non cancer-related STAD show no
significant difference. Multiple other factors (e.g., pain, nausea, stress, medications) contribute to elevated
copeptin levels. Copeptin levels > 84 pmol/L indicate hypovolemic hyponatremia whereas low levels of
copeptin < 3.9 pmol/L indicate primary polydipsia””

CLINICAL MANAGEMENT/TREATMENT OPTIONS

Definitive treatment for hyponatremia involves treating the underlying cause. Medical therapy [Table 3]
improves the serum sodium level and prevents potential neurologic complications. In patients with severe
symptomatic hyponatremia, a 5 mEq/L increase of serum sodium is likely to improve clinical symptoms[w]
The serum sodium should be acutely increased 1-2 mEq/L/h over 3-4 h using hypertonic saline (3%
NaCl). To avoid the risk of over correction, current guidelines recommend iv. infusion of 150 mL of 3%
hypertonic saline over 20 min, rechecking serum sodium concentration and then, if necessary, repeating
the 150 mL of 3% hypertonic saline infusion™”. Frequent monitoring of serum sodium along with 150 mL
of hypertonic saline avoids rapid increase in serum sodium. Hypertonic saline can be administered at an
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Treatment of hyponatremia in small cell hng cancer patients s associated with improved survival (10)

Isotonic
Hyponatremia”® 285.295 | Ineffective Osmoles
+ Urea
« Alcohol
l Serum Na < 135 mEq/L
Hypertonic
Hypotonic Non hypotonic >295 | Effective Osmoles
Hyponatremia | Serum Osm* > 285 Hyponatremia S::;‘:z]e
Mannitol
Serum Osm* < 285*
: Isotonic
Urine Osmolalit Primary Pseudohyponatremia
i U Osm <100 polydipsia 285-295 | 7o) arifact
U Osme > 100 l Hypenriglyt_:eridt_emia
Hyperproteinemia
5 « Immunoglobulin
Urine Na + Monoclonal
Concentration Gammopathy
UNa** < 30
UNa' * > 30
Low effective arterial blood volume
I l Reduced ECF Normal ECF
Edematous States Reduced ECF « Vomiting . SIAD
© CHF * Gllosses « Primary Adrenal + Central Adrenal
+ Cirrhosis + Vomiting Insufficiency Insufficiency
* Nephrotic Thirdspacing + Cerebral Salt + Hypothyroidism
Syndrome Wasting
Treatment | :
Fluid Restriction Treatment
Vaptans —
Fluid
Resuscitation SIAD
Treatment
Severe Symptoms: Moderate Symptoms: Mild Asymptomatic:
Hypertonic saline « Hypertonic saline Fluid restriction
« Vaptans

#if acute or severe symptoms, startimmediate treatment with hypertonic saline

*if measurement of serum osmolality (units in mOsm/kg) is not available, exclude hyperglycemia and other causes of non-hypotonic hyponatremia
Tin the absence of diuretic use or kidney disease

IHyperglycemia: serum Na corrected = Measured Na + (glucose-100) x 0.024

«Urine osmolality in units of mOsm/kg

**Urine sodium in units of mEq/L

Figure 1. Evaluation of hyponatremia“®**

initial rate of 1-2 mL/kg/h, although patients with seizure or coma may require a higher initial infusion
rate of 2-4 mL/kg/h. A total volume of 500 mL hypertonic saline is sufficient to increase serum sodium
5 mEq/L. Hypertonic saline infusion is stopped when symptoms improve, serum sodium concentration
increases by 10 mEq/L in total, or the serum sodium concentration reaches 130 mEq/L. If symptoms do
not improve despite an increase of serum sodium by 10 mEq/L, or a serum sodium level of 130 mEq/L,
other etiologies for these symptoms should be explored[w]. In patients with mild symptoms, 3% saline can
initially be administered at 0.5 mL/kg/hm]. Furosemide in combination with hypertonic saline infusion
promotes electrolyte-free water excretion™. The use of normal saline in the treatment of STAD should be

avoided due to the concern of net free water retention and worsening hyponatremia[”]

In the asymptomatic patient, SIAD is initially treated with fluid restriction to 500-1000 mL daily (1 L/m°/day
or 2/3 maintenance in children) so that free water intake is below the capacity for kidney water excretion plus
insensible losses. Intake and output should be monitored closely to ensure compliance with fluid restriction and
to maintain an oral intake of at least 500 mL/day below the average urine volume (in adults). In patients
with mild asymptomatic hyponatremia fluid restriction could be started at 1200-1500 mL. A commonly
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Table 3. Management of hyponatremia™®"**!

Medical therapy Indication Dose Adverse effects
Demeclocycline  Euvolemic and hypervolemic ~ 300-600 mg bid Slow onset of action, acute
hyponatremia kidney injury
Lithium Euvolemic hyponatremia 600-1800 mg/day Narrow therapeutic window,
confusion and somnolence
Fludrocortisone  Cerebral salt wasting SIAD 0.1-0.3 mg/day Hypokalemia, hypertension
NaCl tab Cerebral salt wasting SIAD 1-3 g/day in divided doses Non-adherence to therapy for
chronic use
Urea Euvolemic hyponatremia 30 g/day Lack of palatability, slow onset of
action
Vaptans SIAD Conivaptan Dry mouth, increased thirst and
hypervolemic hyponatremia 20 mg i.v. bolus over 30 min and then 20 mg i.v. infusion polyuria;
over 24 h. Infusion rate can be increased to 40 mg daily; risk of rapid increase in serum
maximum duration of treatment is 4 days. sodium; liver injury associated
Tolvaptan with higher doses; concern for
15 and 30 mg tab for oral use. Maximum dose 60 mg. increase in mortality

Therapy should be initiated in the hospital with monitoring

of serum sodium
Hypertonic saline Euvolemic hyponatremia and  Hypertonic saline 3% 150 mL i.v. bolus over 20 min x 3. Osmotic demyelination
3% hypervolemic hyponatremia ~ Check serum sodium after every bolus. syndrome

Hypertonic saline 3% continuous infusion 1-2 mL/kg/h*

Fluid restriction Euvolemic and Fluid restriction (500-1000 mL) includes all fluids including Rapid correction in case of
hypervolemic intravenous fluids. primary polydipsia.
hyponatremia Degree of fluid restriction depends on serum sodium level, Less likely to be effective if 24 h
urine output and insensible fluid losses. urine output is <1500 mL
Fluid restriction to < 500 mL/day of 24 h urine output is
recommended
Isotonic saline Hypovolemic Fluid resuscitation with 0.9% normal saline Ineffective and potentially
hyponatremia dangerous in euvolemic

hyponatremia. Should not
be used in hypervolemic
hyponatremia
Electrolyte free water ~Management of Electrolyte free water 10 mL/kg over one hour. Hyponatremia
overcorrection Desmopressin 2 mcg i.v. every 8 h

*Total amount of 3% NaCl to infuse (mL) = (desired change in serum Na x 1000)/ANa’. "ANa (change in serum sodium per liter infused)
= (513" - serum sodium)/[TBW (L)** + 11. “Amount of sodium (mEq) in 1L of 3% NaCl. **TBW (L) = weight (kg) x 0.6 (children,
nonelderly men); 0.5 (nonelderly women, elderly men); or 0.45 (elderly women). SIAD: syndrome of inappropriate antidiuresis; TBW:
total body water

used medication to treat SIAD, especially chronic disease, is the tetracycline antibiotic demeclocycline,
which has the side effect of causing nephrogenic diabetes insipidus”. A few of the other side effects of
demeclocycline include GI intolerance, renal toxicity, and photosensitivity. One should note, however, that
its onset of action is delayed (typically 5 days or more), so it is not appropriate for the acute management of
severe SIAD. Urea (available as prescription and over the counter) at a dose of 30-60 g/day has been used to
induce osmotic diuresis in chronic hyponatremia. Side effects of urea include headache and GI irritation.
Combining urea with NaHCO,, sucrose and citric acid (urea 10 g + NaHCO, 2 g + citric acid 1.5 g + sucrose
200 mg) improves the taste and makes it palatable. Addition of urea to orange juice could also help reduce
the bitter taste. Fludrocortisone can increase serum sodium up to 5 mEq/L and salt supplementation (NaCl
1 g po TID) can also be considered””,

Fluid restriction is preferred in patients with expanded extracellular volume. Intake and output of urine
should be monitored closely. Free water intake should be 500 mL less than the urine output. Patients with
reduced extracellular volume and hemodynamic instability require rapid fluid restoration. Extracellular
volume is restored with iv. infusion of 0.9% saline or a balanced crystalloid solution. As volume repletion
suppresses vasopressin release in hypovolemia, close monitoring of serum sodium and urine output
is required to avoid hypernatremia in the presence of increased free water clearance”. Potassium
deficiency should be replaced. Since potassium is osmotically active and can be exchanged with sodium,
overcorrection of sodium is a concern in case of potassium repletion.
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CENTRAL PONTINE MYELINOLYSIS

The rapid correction of hyponatremia by any means can cause central pontine myelinolysis, also known
as osmotic demyelination syndrome”. It is characterized by severe and often irreversible neurologic
sequelae such as dysarthria, dysphagia, psychiatric disturbances, spastic paraplegia or quadriplegia, seizures,
pseudobulbar palsy, and altered mental status. Symptoms of osmotic demyelination occur 4-6 days after
rapid overcorrection””, Therefore, the overall goal of treatment should be to avoid increasing the serum sodium
levels by more than 0.5 mEq/L/h (or 10 mEq/L/day) and 8 mEq per subsequent day[w’ss]. However, some experts
recommend an even more conservative therapeutic goal of an increase of no more than 8 mEq/day[”’”]. Serum
sodium levels should be assessed every 2-4 h during the initial stages of treatment for severe symptomatic
hyponatremia. Desmopressin, 1-2 ug parenterally every 6-8 h, has been used along with hypertonic saline to
reduce the risk of rapid correction, although further studies are needed to confirm the effectiveness of this
approach[w]. In addition to the degree of hyponatremia and rate of hyponatremia development, factors that
also increase the risk of osmotic demyelination syndrome include liver disease, concurrent use of thiazide
diuretics, and antidepressants. Suppression of AVP release with volume repletion in patients with reduced
extracellular volume increases the risk of rapid correction of sodium due to increase free water clearance.
In addition to close monitoring of urine output, serum sodium should be monitored every 2 h",

VAPTANS: MECHANISM OF ACTION, CLINICAL IMPLICATIONS AND FUTURE PERSPECTIVES

Vaptans are AVP receptor antagonists that are FDA-approved for clinical use in patients with euvolemic
and hypervolemic hyponatremia. AVP antagonists block vasopressin receptors on principal cells in the
renal collecting tubules. Inhibition of AVP receptors blocks increase in cAMP and protein kinase A that
leads to reduced translocation of aquaporin 2 (water channels) to the luminal membrane. Binding of
vaptans decreases the permeability of the apical membrane to water. Vaptans are aquaretic agents because
they enhance electrolyte free-water clearance without associated natriuresis'”. Vaptans are utilized to
reduce fluid restriction in patients with symptomatic mild to moderate chronic hyponatremia due to SIAD
and heart failure””. Conivaptan is a non-peptide dual V1A/V2 AVP receptor antagonist. Conivaptan,
given as an initial iv. bolus followed by a continuous infusion, increases serum sodium up to 6 mEq/L as
compared with placebo. Use of iv. conivaptan can be associated with rapid correction of hyponatremia,
transient symptomatic hypotension, and peripheral i.v. site reaction. Patients receiving conivaptan
through a central venous catheter did not have any adverse reactions””. The most common reason for
discontinuation of conivaptan is infusion site reaction”. Tolvaptan is an oral V2-receptor antagonist also
approved for use in euvolemic or hypervolemic hyponatremia. The most common adverse effects reported
during tolvaptan use are thirst and dry mouth. Although it is an oral medication, the use of tolvaptan
should be limited to the inpatient setting to monitor for overcorrection of serum sodium following
administration.

Vaptan use has been associated with alanine aminotransferase elevation and hepatotoxicity with long term
use. During treatment with vaptans, in addition to close monitoring of serum sodium, urine osmolality
should be monitored. The dose of vaptan should be increased if the urine osmolality remains high. If
urine osmolality is low, fluid intake should be restricted"”. The clinical trials evaluating these agents did
not include patients with serum sodium less than 115 mEq/L[“]. Caution is advised in patients with acute
symptomatic hyponatremia, underlying liver disease, and volume depletion™. Post hoc analysis from the
trial ACTIVE showed a reduction in mortality ~50% in patients with congestive heart failure after the
correction of hyponatremia with the use of tolvaptan. The EVERST trial evaluated the role of tolvaptan
(30 mg Po QD) in cardiac failure patients for 2 years. There was no difference in all cause mortality in
tolvaptan treated patients versus placebo[“].

In the SALT WATER trial, long term use of tolvaptan (2 years) was evaluated for safety and efficacy in
patients with euvolemic and hypervolemic hyponatremia. Hypernatremia was reported in only one patient.
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As compared with fluid restriction, lithium and urea, vaptans offer a therapeutic option that is patho-
physiologically focused, potent and effective*”’. Despite efficacy of vaptans in improving serum sodium,
clinical practice guideline on the diagnosis and treatment of hyponatremia do not recommend the use of
vaptans due to concern for overcorrection of sodium and lack of mortality benefit™”. The safety and efficacy
of tolvaptan was evaluated in a post hoc subgroup analysis of the patients with cancer in SALT-1 (study of
ascending levels of tolvaptan in hyponatremia) and SALT-2 clinical trials. Baseline sodium in the cohort
of the SALT trials was 130 mEq/L. A 15 mg dose of tolvaptan was titrated up to 30 or 60 mg over 4 days
if the increase in serum sodium was < 5 mEq/L in the prior 24 h. Tolvaptan was withheld or reduced and
fluid intake was increased if serum sodium was > 145 mEq/L. Serum sodium normalized to > 135 mEq/L
in 66.6% of the patients by day 30. Serum sodium exceeded the desired rate of correction (> 8 mEq/L over
the first 8 h of therapy or > 12 mEq/L over 24 h) in 1.8% of patients. None of these patients developed any

symptoms of osmotic demyelination syndrome[ﬁl.

In our experience, vaptans are well tolerated by cancer patients and offer a therapeutic option in patients
with euvolemic and hypervolemic hyponatremia when fluid restriction alone is insufficient to increase
serum sodium levels or to avoid the discomfort associated with fluid restriction. Although the vaptans
are well tolerated and effective, their high cost continues to be a limitation for routine use. In a post hoc
analysis, economic models from SALT-1, SALT-2 and EVERST reported decrease in length of stay in
the hospital and hospital cost savings with tolvaptan use™™. To reduce the risk of hyponatremia all iv.
medications should be concentrated and hypotonic iv. fluids should be avoided in hospitalized patients,
e.g., perioperatively, during cancer chemotherapy, bronchitis, pneumonia or lung disease™”

CONCLUSION

Oncology patients with hyponatremia need close monitoring of fluid intake and output to prevent
derangements in salt and volume balance. Hyponatremia in cancer patients is associated with advanced
disease and poor prognosis. Improvement in serum sodium correlates with improved survival®. Whether
the treatment of hyponatremia improves overall survival needs to be investigated. Proposed algorithms for
the management of hyponatremia could be utilized in patients with cancer, recognizing that hyponatremia
is of diverse etiology in this population. Use of therapeutic agents such as the vaptans offer a convenient,
effective, and targeted approach to the management of hyponatremia. Further studies are likely to clarify
cost effectiveness and safety concerns related to vaptan use in cancer patients.
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