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Objectives

 Utilize applicable labs, physical exam findings, and patient history 
to diagnose and classify hyponatremia

 Compare and contrast guideline recommendations for the 
management of hyponatremia

 Discuss data regarding safety and efficacy of vasopressin receptor 
antagonists and oral urea

 Design a therapeutic regimen for the management of 
hypovolemic, hypervolemic, and euvolemic hypotonic 
hyponatremia



Sodium

 Normal range:  135-145 mEq/L

 Main extracellular cation

 Functions:
 Extracellular volume and water distribution
 Membrane potential
 Active transport

Chessman et al.  Pharmacotherapy:  a pathophysiologic approach.

Presenter
Presentation Notes
Regulates extracellular volume and water distribution through its osmotic effects

Helps determine membrane potential

Moves molecules across membranes (Na-K-ATPase pumps)



Sodium 
regulation

 Serum sodium is regulated by changes in water balance
 Increased water  hyponatremia
 Decreased water  hypernatremia

 Processes affecting serum sodium level:
 Osmoregulation

 Antidiuretic hormone (ADH); thirst

 Volume regulation
 Renin-angiotensin-aldosterone system (RAAS); atrial natriuretic 

peptide (ANP); ADH

Rennke et al.  Renal pathophysiology:  the essentials

Presenter
Presentation Notes
“Hyponatremia is primarily a disorder of water balance, with a relative excess of body water compared to total body sodium and potassium content”




Sodium 
regulation

 Osmoregulation
 Increased plasma osmolality  increased ADH
 Decreased plasma osmolality  decreased ADH

 Volume regulation
 Decreased effective circulating volume 

 RAAS activation  sodium reabsorption
 ANP release  sodium excretion
 ADH secretion water retention

Rennke et al.  Renal pathophysiology:  the essentials

Presenter
Presentation Notes
Increase in ADH (and thirst)  reduced water excretion, increased intake  water retention  decrease plasma osmolality (and plasma Na by dilution)

Decrease in ADH  decreased water reabsorption  diuresis

Juxtaglomerular cells detect decrease in effective circulating volume (ECV) 
Renin  angiotensin I  angiotensin II  aldosterone  Na reabsorption

Increase in ECV sensed by volume receptors in the atria and great veins  increased ANP

ANP:
Potent vasodilator (lowers SBP)
Increased urinary Na and water excretion
Increases GFR (causes afferent arteriolar vasodilation and efferent arteriolar vasoconstriction)
Reduces tubular sodium reabsorption 




Hyponatremia

 Na < 135 mEq/L

 Risk factors:
 More common in patients > 30 years old
 Medications
 Low solute/protein diet
 Significant solute-free fluid intake

Chessman et al.  Pharmacotherapy:  a pathophysiologic approach.

Presenter
Presentation Notes
Most common electrolyte abnormality

Thiazide diuretics decrease reabsorption of Na (and water) in the distal tubule




Classification

 Severity
 Mild:  > 125-135 mEq/L
 Moderate:  115-125 mEq/L
 Severe:  < 115 mEq/L

 Symptoms
 Mild:  attention, gait, and posture impairments
 Moderate:  headache, nausea, vomiting, fatigue, confusion
 Severe:  seizures, respiratory arrest, coma, obtundation

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42

Presenter
Presentation Notes
Mild symptoms – patients at higher risk for falls



Classification

 Duration
 Hyperacute:  within the previous few hours
 Acute:  within the previous 24 hours
 Subacute:  within 24-48 hours
 Chronic:  more than 48  hours OR duration unknown

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42

Presenter
Presentation Notes
Why is the cutoff 48 hours?
Hypotonicity causes brain cells to swell as water moves intracellularly (where there is a higher effective osmolality vs. plasma)
Adaptation:  increased ICP forces interstitial Na and water out of the brain and into the CSF
Adaptation:  loss of intracellular solutes (K and organic osmolytes [glutamate, glutamine]} allows cells to eliminate excess water  shrink (takes ~24-48 hr, which is why chronic hyponatremia is considered > 48 hr)



Types of 
hyponatremia

Isotonic Hypotonic

Hypovolemic Euvolemic Hypervolemic

Hypertonic

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42

 Renal losses

 Non-renal losses

 CHF

 Cirrhosis

 Renal failure

 SIAD

 2o adrenal 
insufficiency

 Primary polydipsia

 Beer potomania

Presenter
Presentation Notes
Tonicity refers to the effect of plasma on cell size

Serum osmolality can be measured directly or calculated (normal range 275-295 mOsm/kg)
If measured and calculated osmolality are not similar (osmol gap) patient should be evaluated for signs of toxic ingestion (ethylene glycol, propylene glycol)

Hypernatremia is ALWAYS associated with hypertonicity
Hyponatremia is USUALLY associated with hypotonicity, but can also be associated with hypertonicity or isotonicity



SIAD

 Type of euvolemic hypotonic hyponatremia

 Pathophysiology
 Increased activity of ADH results in water retention and excretion of 

concentrated urine
 Labs:  urine osmolality > 100 mOsm/kg, urine sodium > 30 mEq/L

 Management
 Correction of underlying cause
 Fluid restriction
 NaCl ± loop diuretic
 Oral urea

Sanghvi et al.  Am J Kidney Dis.  2007 Oct;50(4):673-80

Presenter
Presentation Notes
SIAD – syndrome of inappropriate antidiuresis
SIADH (increased secretion of vasopressin) + inappropriate diuresis 2/2 increased activity of vasopressin in the collecting duct
Most common cause of euvolemic hypotonic hyponatremia
Water intake exceeds the kidney’s ability to excrete it, either because of increased ADH release or enhanced sensitivity of the kidney to ADH
Water retention  increase in extracellular fluid volume and TBW, but not enough to appear edematous
Most common causes:  tumors, CNS disorders (trauma, stroke, meningitis), pulmonary disease (PNA, TB)

Medications:  SSRIs, carbamazepine, desmopressin (DDAVP), oxytocin, TCAs, nicotine
Infections:  meningitis, PNA, TB
CNS disorders:  acute psychosis, stroke, hemorrhage, trauma, inflammatory and demyelinating diseases




Beer 
potomania

 Type of euvolemic hypotonic hyponatremia

 Pathophysiology
 Fluid intake exceeds kidneys’ ability to excrete the extra fluid
 Poor diet; low sodium intake
 Decreased activity of ADH 

 Labs:  urine osmolality < 100 mOsm/kg, urine sodium < 30 mEq/L

 Management
 Fluid restriction
 IV fluids ONLY if symptomatic

Sanghvi et al.  Am J Kidney Dis.  2007 Oct;50(4):673-80
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Increased free water intake + decreased solute intake  decreased ADH (limits water reabsorption)
When solute (NS, thiamine, mag sulfate, folic acid, MVI, Librium) is introduced  significant diuresis and sudden increase in serum sodium level

Low ADH levels  dilute urine

**Associated with significantly increased risk of osmotic demyelination syndrome (ODS)
Degree and chronic nature of hyponatremia
EtOH use
Likelihood of rapid correction due to underlying pathophysiologic state
Re-lower serum Na if needed



2014 European 
Guidelines 
diagnostic 
strategy

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
European Society of Intensive Care Medicine (ESICM), European Society of Endocrinology (ESE), European Renal Association – European Dialysis and Transplant Association (ERA-EDTA) developed Clinical Practice Guideline

Step one:  exclude hyperglycemia and other causes of non-hypotonic hyponatremia

Step two:  is the patient in the acute phase of hyponatremia (within previous 24 hr) or having severe symptoms?   consider treatment
< 48 hours:  brain cell adaptation with loss of intracellular solutes isn’t complete
Severe/moderately-severe symptoms:  guideline development group believed that risk of edema outweighs risk of osmotic demyelination syndrome and believed that it justifies urgent treatment (regardless of acute vs chronic)

Step three:  if not acute or not severe, further work-up  check urine osmolality and urine sodium



2014 European 
Guidelines 
diagnostic 
strategy

Spasovski et al.  Intensive Care Med.  2014;40:320-331
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Presentation Notes
Urine osmolality < 100 mOsm/kg
Etiology:  relative excess water intake

Urine osmolality > 100 mOsm/kg  urine sodium

Urine sodium < 30 mEq/L
Etiology:  low effective arterial blood volume 
Evaluate volume status:
Hypervolemic:  heart failure, cirrhosis, nephrotic syndrome, etc
Hypovolemic:  diarrhea + vomiting, third-spacing, remote diuretics (non-renal losses)

Urine sodium > 30 mEq/L  kidney disease or diuretics?
Yes:  complicated differential diagnosis (can contribute to hyponatremia and diminish kidneys’ ability to regulate urine osmolality and urine sodium, making interpretation of these labs less straightforward)
No:  evaluate volume status
Hypovolemic:  vomiting, primary adrenal insufficiency, salt wasting, occult diuretics (renal losses)
Euvolemic:  SIAD, secondary adrenal insufficiency, occult diuretics



Isotonic
hyponatremia

 Lab value breakdown
 Serum osmolality:  ~280 mOsm/kg

 “Pseudohyponatremia”
 Associated with an outdated lab test used to measure Na
 Seen in patients with hyperlipidemia or hyperproteinemia

Sterns RH.  N Eng J Med.  2015;372:55-65
Chessman et al.  Pharmacotherapy:  a pathophysiologic approach.
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Presentation Notes
Normal range:  275-295 mOsm/kg

High lipid or protein concentrations cause otherwise normal serum sodium levels to appear decreased



Isotonic
hyponatremia

 Lab value breakdown
 Serum osmolality:  ~280 mOsm/kg

 “Translocational” hyponatremia
 Presence of additional osmoles causes extracellular fluid shift
 Example:

 Glucose (hyperglycemia)

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
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Presentation Notes
**redistributive** 

Additional osmoles increase effective osmolality and reduce serum sodium concentration by attracting water

Administration of hypertonic products (mannitol, maltose, sucrose, IVIG, etc.)




Hypertonic
hyponatremia

 Lab value breakdown
 Serum osmolality:  > 280 mOsm/kg

 “Translocational” hyponatremia
 Presence of additional osmoles causes extracellular fluid shift
 Examples:

 Glucose (severe hyperglycemia)
 Mannitol
 Intravenous immunoglobulin (IVIG)

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
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Presentation Notes
**redistributive** 

Administration of hypertonic products (mannitol, maltose, sucrose, IVIG, etc.)

Serum osmolality can be measured directly or calculated (normal range 275-295 mOsm/kg)
If measured and calculated osmolality are not similar (osmol gap) patient should be evaluated for signs of toxic ingestion (ethylene glycol, propylene glycol)

Management:  varies based on etiology
Hyperglycemia  correct
Mannitol  osmotic diuresis may cause volume depletion – NS for repletion



Hypotonic
hyponatremia

 Lab value breakdown
 Serum osmolality:  < 280 mOsm/kg

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
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Presentation Notes
Hypotonic hyponatremia is the most common kind of hyponatremia and it has many potential causes
Assessing urine osmolality and fluid status are important in determining the appropriate management strategy




Hypovolemic
hypotonic 
hyponatremia

 Lab value breakdown
 Serum osmolality:  < 280 mOsm/kg
 Urine osmolality:  > 450 mOsm/kg

 Urine sodium:  > 30 mEq/L
 Renal losses

 Urine sodium:  < 30 mEq/L
 Non-renal losses

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
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Presentation Notes
Urine osmolality:
Can range anywhere between 50-1200 mOsm/kg depending on fluid status
Reflection of how concentrated the urine is (higher number = more concentrated)

Hypovolemic
Urine osmolality is high due to the dehydration resulting in concentrated urine
Urine sodium can vary depending on the source of the volume depletion



Hypovolemic
hypotonic 
hyponatremia

 Etiology
 Renal losses

 Diuretics
 Primary adrenal insufficiency
 Cerebral salt wasting
 Kidney disease

 Non-renal losses
 Vomiting*
 Diarrhea
 Blood loss
 Sweating

 Third-spacing

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42

Presenter
Presentation Notes
*Vomiting – non-renal loss, but metabolic alkalosis causes renal sodium loss as sodium accompanies bicarb in the urine despite activation of the renin-angiotensin system

Presentation
Symptoms of hyponatremia
Symptoms of hypovolemia



Hypervolemic
hypotonic 
hyponatremia

 Lab value breakdown
 Serum osmolality:  < 280 mOsm/kg
 Urine osmolality:  > 100 mOsm/kg

 Urine sodium:  < 30 mEq/L

 Etiology
 CHF
 Cirrhosis
 Renal failure
 Pregnancy

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
Adrogué et al.  N Eng J Med. 2000;342:1581-89

Presenter
Presentation Notes
Expanded extracellular volume and edema BUT decreased effective arterial blood volume  poor tissue perfusion  renal sodium retention  water retention in excess to sodium retention

Presentation
Symptoms of hyponatremia
Symptoms of hypervolemia




Euvolemic
hypotonic 
hyponatremia

 Lab value breakdown
 Serum osmolality:  < 280 mOsm/kg
 Urine osmolality: > 100 mOsm/kg
 Urine osmolality:  < 100 mOsm/kg

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
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Presentation Notes
Urine osmolality can be either greater or less than 100 mOsm/kg depending on the cause



Euvolemic
hypotonic 
hyponatremia

 Lab value breakdown
 Serum osmolality:  < 280 mOsm/kg
 Urine osmolality: > 100 mOsm/kg

 Urine sodium:  > 30 mEq/L
 SIAD, secondary adrenal insufficiency, hypothyroidism(?)

 Urine osmolality:  < 100 mOsm/kg
 Urine sodium:  < 30 mEq/L

 Primary polydipsia, low Na intake, beer potomania

Verbalis et al.  Am J Med.  2013 Oct;126(10):S1-S42
Adrogué et al.  N Eng J Med. 2000;342:1581-89

Presenter
Presentation Notes
Secondary adrenal insufficiency:  
Production of aldosterone is less impaired than in primary insufficiency; renal sodium loss does not contribute to hyponatremia
Cortisol suppresses ADH release, so cortisol deficiency leads to increased activity of ADH (similar to SIADH)

Hypothyroidism (SEVERE hypothyroidism):  decreased cardiac output  increased ADH release

Primary polydipsia (often seen in psychiatric disorders):  patient drinks more water than the kidneys can excrete, but unlike with SIADH, ADH is subsequently suppressed which results in urine osmolality < 100 and dilution causes the urine sodium to be low


Presentation
- Symptoms of hyponatremia




2014 European 
Guidelines 
diagnostic 
strategy

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
Urine osmolality < 100 mOsm/kg
Etiology:  relative excess water intake

Urine osmolality > 100 mOsm/kg  urine sodium

Urine sodium < 30 mEq/L
Etiology:  low effective arterial blood volume 
Evaluate volume status:
Hypervolemic:  heart failure, cirrhosis, nephrotic syndrome, etc
Hypovolemic:  diarrhea + vomiting, third-spacing, remote diuretics (non-renal losses)

Urine sodium > 30 mEq/L  kidney disease or diuretics?
Yes:  complicated differential diagnosis (can contribute to hyponatremia and diminish kidneys’ ability to regulate urine osmolality and urine sodium, making interpretation of these labs less straightforward)
No:  evaluate volume status
Hypovolemic:  vomiting, primary adrenal insufficiency, salt wasting, occult diuretics (renal losses)
Euvolemic:  SIAD, secondary adrenal insufficiency, occult diuretics



Management



2014 European 
Guidelines 
management 
algorithm

Spasovski et al.  Intensive Care Med.  2014;40:320-331



2014 European 
Guidelines 
management 
algorithm

Spasovski et al.  Intensive Care Med.  2014;40:320-331



Severe 
symptoms

 Goal:  rapid increase in serum sodium concentration within 1 hour
 Immediate risk of cerebral edema outweighs risk of ODS

 Guideline recommendations:  
 100-150 mL of 3% hypertonic saline over 10-20 min

 *Consider 2 mL/kg in patients who are significantly under- or overweight

 Repeat boluses 2-3 times every 20-30 min as needed to reach target 
serum sodium concentration increase of 5 mEq/L within the first hour

 Alternative:  sodium bicarbonate (“6% saline”)
 1 amp (50 mL) of sodium bicarb ≈ 100 mL of 3% saline

 Osmolarity of 3% saline = 1027 mOsm/L
 Osmolarity of 8.4% sodium bicarb = 2000 mOsm/L

Spasovski et al.  Intensive Care Med.  2014;40:320-331 Bourdeaux & Brown.  Neurocrit Care.  2010 Aug;13(1):24-8
Verbalis et al.  Am J Med.  2013;126:S1-S42

Presenter
Presentation Notes
Severe symptoms usually caused by acute drop in effective osmolality or rapid further decrease in pre-existing chronic hyponatremia
May lead to permanent brain damage or death if left untreated

Small increases in serum sodium concentration may be enough to improve symptoms and prevent herniation 2/2 edema

Sodium bicarb osmolarity equivalent to that of ~5.8% saline

3% saline = 513 mEq/L sodium
8.4% saline = 1000 mEq/L sodium

Bourdeaux & Brown:  Sodium bicarbonate lowers intracranial pressure after traumatic brain injury
Gave 85 mL of 8.4% sodium bicarb (instead of 100 mL of 5% saline) and monitored ICP, MAP, serum pH, pCO2, Na, and Cl
Mean ICP decreased and stayed below 20 for at least 6 hr; MAP unchanged (= increased cerebral perfusion pressure)
Serum Na increased by ~2 mEq/L (145.4  147.1)



Severe 
symptoms

 Symptomatic improvement after 5 mEq/L increase in serum 
sodium concentration

 Stop hypertonic saline infusion
 Determine etiology of hyponatremia and initiate cause-specific 

management
 Limit further serum sodium increase

 First 24 hours:  ≤ 10 mEq/L total (including initial 5 mEq/L)
 First 48 hours:  ≤ 18 mEq/L total (including initial 5 mEq/L)

 NO symptomatic improvement after 5 mEq/L increase in serum 
sodium concentration

 Investigate alternative explanations for symptoms
 Give hypertonic saline for additional 1 mEq/L increase in serum sodium

 Do not exceed 10 mEq/L limit in 24 hours
 If symptoms not improved after 10 mEq/L increase in serum sodium 

and/or if after reaching serum sodium of 130 mEq/L, hyponatremia 
unlikely to be the cause of the symptoms

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
LIMITS on subsequent sodium increase (not aiming for a specific number – difficult to predict rate of correct, so just keep patients safe and don’t exceed limits)
- Limits include the initial 5 mEq/L in the first hour

“Correction speeds frequently exceed those predicted by the Adrogue-Madias formula, even by as much as five times that predicted”
Suppression of appropriate endogenous vasopressin secretion by fluid and salt loading
Natural history of the underlying condition
Potential impact of cause-specific treatments



Moderately 
severe 
symptoms

 Goals:  
 Prevent further decrease in sodium level
 Determine etiology of hyponatremia and initiate cause-specific 

management

 Guideline recommendations for initial management:  
 US:  continuous infusion of 3% hypertonic saline at 0.5-2 mL/kg/hr
 European:  150 mL bolus of 3% hypertonic saline over 20 min x 1

 *Alternative:  sodium bicarbonate

 Rate of correction:
 Suggest aiming for 5 mEq/L increase in the first 24 hr
 Suggest limiting to 10 mEq/L increase in the first 24 hr
 Suggest limiting to 8 mEq/L increase on subsequent days until serum 

sodium reaches 130 mEq/L

Spasovski et al.  Intensive Care Med.  2014;40:320-331 Bourdeaux & Brown.  Neurocrit Care.  2010 Aug;13(1):24-8
Verbalis et al.  Am J Med.  2013;126:S1-S42

Presenter
Presentation Notes
Immediate threat is less pronounced than with severe symptoms, so rapid increase in sodium level becomes less important than simply preventing sodium level from getting lower



Summary of 
guideline 
recommendations

Baek et al.  JAMA Intern Med.  Published online October 26, 2020



Moderately 
severe 
symptoms

 Goals:  
 Prevent further decrease in sodium level
 Determine etiology of hyponatremia and initiate cause-specific 

management

 Guideline recommendations for initial management:  
 US:  continuous infusion of 3% hypertonic saline at 0.5-2 mL/kg/hr
 European:  150 mL bolus of 3% hypertonic saline over 20 min x 1

 *Alternative:  sodium bicarbonate

 Rate of correction:
 Suggest aiming for 5 mEq/L increase in the first 24 hr
 Suggest limiting to 10 mEq/L increase in the first 24 hr
 Suggest limiting to 8 mEq/L increase on subsequent days until serum 

sodium reaches 130 mEq/L

Spasovski et al.  Intensive Care Med.  2014;40:320-331 Bourdeaux & Brown.  Neurocrit Care.  2010 Aug;13(1):24-8
Verbalis et al.  Am J Med.  2013;126:S1-S42

Presenter
Presentation Notes
Immediate threat is less pronounced than with severe symptoms, so rapid increase in sodium level becomes less important than simply preventing sodium level from getting lower



Acute 
hyponatremia*

 Goals:  
 Determine etiology of hyponatremia and initiate cause-specific 

management
 Prevent further decrease in sodium level

 Guideline recommendations for initial management:  
 150 mL bolus of 3% hypertonic saline over 20 min x 1

 *Alternative:  sodium bicarbonate

 Rate of correction
 No suggested limitations or aims in regards to rate of correction

Spasovski et al.  Intensive Care Med.  2014;40:320-331

*without severe or 
moderately severe 
symptoms

Presenter
Presentation Notes
*lack of severe symptoms indicates that the brain has not developed clinically important cerebral edema

Brain hasn’t had time to adapt fully to the acute hypotonic environment, so risk of ODS with overcorrection appears low



Chronic 
hyponatremia*

 Goals:  
 Determine etiology of hyponatremia and initiate cause-specific 

management
 Avoid harm through treatment

 Guideline recommendations:  
 Stop non-essential fluids, medications, and other factors that may 

contribute to hyponatremia
 Mild hyponatremia

 Recommend against treating for the sole purpose of increasing sodium 
level

 Moderate or profound hyponatremia**
 Recommend limiting to 10 mEq/L increase in the first 24 hr
 Recommend limiting to 8 mEq/L increase every 24 hr thereafter

Spasovski et al.  Intensive Care Med.  2014;40:320-331

*without severe or 
moderately severe 
symptoms

**weigh risks vs. benefits of correcting based on severity of hyponatremia and underlying diagnosis 

Presenter
Presentation Notes
*GENERAL* recommendations for all kinds of chronic hyponatremia

Mild hyponatremia:  
No evidence that correcting hyponatremia itself improves patient-important outcomes
All interventions can cause adverse events

Moderate or profound hyponatremia:
Also little to no evidence supporting treatment
HOWEVER, some of these patients are at risk for sudden, further deteriorating leading to severe or moderately severe symptoms
No AIMS, only limits - severity of hyponatremia and underlying diagnosis should help determine plan

Risk factors for development of ODS:
Rate of sodium correction
Degree of hyponatremia
Duration of hyponatremia
Alcohol abuse
Liver disease
Thiazides
Antidepressants




Reduced 
circulating 
volume

 Unique characteristics:
 Deficits in both sodium and water
 Appropriate ADH secretion  simultaneous dilutional hyponatremia

 Places patients at higher risk for overcorrection of sodium level

 Guideline recommendations:
 Continuous IV infusion for volume repletion

 Normal saline or balanced crystalloid
 0.5-1.0 mL/kg/hr

 In the setting of hemodynamic instability
 Need for rapid fluid resuscitation overrides concern over rapid increase 

in serum sodium level

 In the setting of imminent overcorrection
 If additional fluid resuscitation still needed, suggest changing to 

glucose solution (i.e. D5W)

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
Characteristics:
Combination of true sodium and water deficit
Appropriate ADH secretion  reduced electrolyte-free water clearance  simultaneous dilutional hyponatremia

Patient needs both sodium and water – but not chloride!
No specific evidence regarding balanced crystalloids in hyponatremia, but they are increasingly recommended for volume replacement in other situations

Risk of overcorrection:
Restoring volume  suppression of ADH  increased electrolyte-free water clearance
Sudden increases in urine output may be a sign that patient may have overly rapid correction of sodium level

**If overcorrection appears imminent, can switch to D5W for fluid resuscitation



Expanded 
extracellular 
fluid

 Guideline recommendations:
 Expand recommendation against treating for the sole purpose of 

increasing sodium level to hyponatremia that is moderate
 Refrained from making any recommendations for profound 

hyponatremia in this patient population

 Suggest fluid restriction to avoid worsening fluid overload
 Recommend against vasopressin receptor antagonists (vaptans)
 Recommend against demeclocycline or lithium

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
Insufficient data to suggest that increasing sodium level improves patient-important outcomes in moderate hyponatremia with expanded extracellular fluid volume
Treatments targeting sodium increase have inherent risks of overcorrection and other adverse effects (patients with liver cirrhosis are one of the patient populations at increased risk for ODS)
Risk/benefit ratio leans toward not treating

If hyponatremia is profound, reasonable to avoid further decrease in sodium level but there are no published data supporting that view

Systematic review of data in this specific patient category showed trend toward increased number of deaths in patients treated with vasopressin receptor antagonists vs. placebo

Demeclocycline
Tetracycline antibiotic
Appears to offer modest, non-significant increase in sodium level (causes dose-dependent nephrogenic diabetes insipidus)
Several observational reports of AKI
Associated with other adverse effects (dizziness, blurred vision, intracranial hypertension, photosensitivity, superinfection, caution in hepatic or renal impairment

Lithium
anti-manic agent
Associated with significant adverse effects (CNS depression, HF, hypercalcemia, hypothyroidism, intracranial hypertension, serotonin syndrome, etc)



SIAD

 Guideline recommendations:
 First line:  fluid restriction
 Second line:  increase solute intake

 Oral urea (0.25-0.50 g/kg per day)
 Oral sodium chloride + low-dose loop diuretic

 Recommend against demeclocycline or lithium
 Regarding vasopressin receptor antagonists (vaptans)

 In moderate hyponatremia:  do not recommend
 In profound hyponatremia:  recommend against

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
For moderate and profound hyponatremia

Fluid restriction
Little to no formal evidence that fluid restriction increases serum sodium more than placebo, but clinical experience supports use
Also no good evidence that fluid restriction is associated with important adverse effects (other than patient satisfaction)
Appears unlikely to play a causal role in development of ODS

Increasing osmotic solute intake to enhance clearance of water

Some evidence of possible harm w/ demeclocycline and lithium

Vaptans effectively increase sodium, but risk-benefit ratio appears negative
No proven outcome benefit aside from increase in serum sodium
Increasing safety concerns
Overly rapid correction of hyponatremia
FDA warning for hepatotoxicity associated w/ use of high tolvaptan doses in autosomal dominant polycystic kidney disease



Vasopressin 
receptor 
antagonists

 Tolvaptan (PO)
 Selective vasopressin V2-receptor blocker
 FDA-approved for euvolemic and hypervolemic hyponatremia

 Conivaptan (IV)
 Mixed vasopressin V1- and V2-receptor blocker
 FDA-approved for euvolemic hyponatremia

 Promote excretion of electrolyte-free water in order to increase 
serum sodium levels

 Included in the US guidelines for SIAD and hypervolemic
hyponatremia

Otsuka Pharmaceutical Co., Ltd.  2012
Astellas Pharma US, Inc.  2005

Presenter
Presentation Notes
Tolvaptan costs hundreds of dollars per tablet



Vasopressin 
receptor 
antagonists

 Concerns:
 Unable to predict extent of free water excretion
 Samsca® (tolvaptan) associated with overly rapid correction of 

sodium levels (US Boxed Warning)
 Tolvaptan linked to serious hepatic injury (US Boxed Warning)

 REMS program for Samsca® (tolvaptan) in autosomal dominant 
polycystic kidney disease due to risk of hepatotoxicity

 Jynarque® (tolvaptan) is only available through a REMS program due to 
risk of serious liver injury

 Cost

 Consistently not recommended or recommended against in the 
European guidelines

Otsuka Pharmaceutical Co., Ltd.  2012
Astellas Pharma US, Inc.  2005

Presenter
Presentation Notes
Tolvaptan costs hundreds of dollars per tablet

Vaptans effectively increase sodium, but risk-benefit ratio appears negative
No proven outcome benefit aside from increase in serum sodium
Increasing safety concerns
Overly rapid correction of hyponatremia (10-20% of patients?)
FDA warning for hepatotoxicity associated w/ use of high tolvaptan doses in autosomal dominant polycystic kidney disease


Cost:  tolvaptan 15 mg tabs - $3081 for 10 tabs (or $308 per tab)



Oral urea

 Osmotic agent that increases urinary free water excretion and 
decreases ongoing natriuresis

 Used for treatment of euvolemic and hypervolemic hyponatremia

 Classified as medical food and Generally Recognized as Safe 
(GRAS) by the FDA

 Available as ure-Na® powder
 15 g USP urea per pouch
 Should be mixed with water or juice
 Lemon-lime flavor to improve tolerability

 Significantly less expensive than vasopressor receptor antagonists

Nephcentric LLC.  2020
Soupart et al. CJASN. 2012 May;7(5):742-47

Presenter
Presentation Notes
Decreases ongoing natriuresis by increasing inner medullary urea concentration

Cost:  
tolvaptan 15 mg tabs - $3081 for 10 tabs (or $308 per tab)
Ure-Na 15 g pouches - $31 for 8 pouches (or $0.26 per pouch)




Oral urea:  
efficacy

 Comparison study of urea vs. vasopressin receptor antagonists:
 13 patients with chronic SIADH first received a vaptan for 1 year 

followed by an 8-day holiday period, after which they received oral 
urea for 1 year

 Urea demonstrated similar efficacy, with both agents increasing 
serum sodium levels to ~135 mEq/L

 Retrospective study of urea in the ICU
 Mild hyponatremia group (n = 50; initial sodium 128 ± 4 mEq/L) 

received urea
 Mean increase of 4 mEq/L in the first 24 hours and 7 mEq/L in 48 hours

 Severe hyponatremia group (n = 35; initial sodium 111 ± 3 mEq/L) 
received isotonic saline + urea

 Mean increase of 11 mEq/L in the first 24 hours
 2 patients received desmopressin to re-lower sodium
 No cases of ODS

Soupart et al. CJASN. 2012 May;7(5):742-47
Decaux et al.  Crit Care.  2010;14(5):R184

Presenter
Presentation Notes

Urea in ICU
Mild group:  
All patients received isotonic or half-isotonic saline solutions prior to urea administration
Na increased to a mean value of 135 mEq/L after 2 days of urea therapy despite large fluid intake (> 2 L/day)
Severe group:


Nervo et al.  Clin Endocrinol (Oxf).  2019 Jun;90(6):842-48




Oral urea:  
safety

 Provides “limited and predictable” excretion of free water
 Less likely to cause sodium overcorrection and ODS

 Data from animal studies indicate that oral urea may actually 
protect against ODS

 Rapid correction of hyponatremia with urea compared with 
lixivaptan or hypertonic saline:

 Significantly decreased brain microglial activation
 Significantly reduced changes in blood brain barrier permeability
 Increased astrocyte viability
 Reduced brain histological evidence of demyelination 6 days after the 

beginning of correction of hyponatremia

Nervo et al.  Clin Endocrinol (Oxf).  2019 Jun;90(6):842-48
Gankam et al.  Kidney Int. 2015;87(2):323-31

Presenter
Presentation Notes
In rat models, urea may reduce the risk of brain injury caused by overcorrection – protective effect of urea against ODS is likely to be due to an antiapoptotic effect on astrocytes (this property had similarly been noticed in renal medullary cultured cells which underwent a hypertonic stress)

Microglial cells – specialized macrophages in the CNS that remove damaged neurons and infections



Oral urea:  
safety

 Not nephrotoxic or hepatotoxic
 Expect to see isolated increase in BUN levels

 NOT indicative of kidney function
 Exogenous urea administration has been shown to be safe even in 

patients with advanced renal failure

 Metabolism into ammonia
 Concern that oral urea could trigger hepatic encephalopathy
 However, given the complexity of the pathogenesis of hepatic 

encephalopathy, oral urea (and any resultant increase in ammonia) may 
be considered “probably safe” for many patients with cirrhosis

 Some studies have successfully used oral urea for hyponatremic
cirrhosis with ascites resistant to diuretics, without causing 
encephalopathy

 Data showing lack of toxicity even in long-term use

Decaux et al.  Crit Care.  2010;14(5):R184 Decaux et al.  Nephron.  1986;44(4):337-43
Johnson et al.  Mayo Clin Proc.  1972;47(1):21-9 Soupart et al. CJASN. 2012 May;7(5):742-47

Presenter
Presentation Notes
Increase in BUN similar to what can be seen in people consuming a high protein diet with production of additional amounts of urea by the liver

“uremic encephalopathy” is not caused by urea itself, but “a myriad of other toxins which accumulate due to renal failure”
Addition of exogenous urea in patients with advanced renal failure has been shown to be safe

Suggested approach is to monitor patients with high baseline BUN levels who are receiving high doses of urea and hold doses for BUN > 150 mg/dL




Summary of 
guideline 
recommendations

Rondon-Berrios et al.  CJASN.  2018 Nov;13(11):1627-1632

Presenter
Presentation Notes
4 hospitals in the University of Pittsburgh Medical Center system
All hospitalized patients with hyponatremia who received urea between July 2016 and August 2017
Subgroup who received urea as sole drug therapy for hyponatremia
Matched urea-only treated patients to a group of patients who did not receive urea and compared changes in plasma sodium at 24 hours and the end of therapy, as well as the proportion of patients who achieved plasma sodium of 135 mEq/L or more

Almost 80% of included patients were asymptomatic; no patients had severe symptoms attributed to hyponatremia



Overcorrection

 If increase in serum sodium concentration exceeds 10 mEq/L in the 
first 24 hours or 8 mEq/L in any subsequent 24 hour period

 Guideline recommendations:
 Recommend re-lowering serum sodium concentration
 Recommend stopping active hyponatremia treatment
 Recommend consulting an expert to assist in determining 

appropriate next steps and options for re-lowering sodium
 If appropriate, consider infusion of 10 mL/kg of electrolyte-free water 

over 1 hour
 Should include strict monitoring of urine output and fluid balance

 If appropriate, consider IV desmopressin (DDAVP) 2 mcg
 Doses not to be repeated more frequently than every 8 hours

Spasovski et al.  Intensive Care Med.  2014;40:320-331

Presenter
Presentation Notes
Overly rapid correction may occur more readily in conditions where treatment of underlying cause results in restoration of the kidneys’ capacity to excrete electrolyte-free water
Volume repletion in hypovolemia
Treatment of glucocorticoid deficiency
Withholding thiazides
Withholding meds known to cause SIADH
Lowering fluid intake in primary polydipsia

DDAVP
Synthetic analogue of vasopressin
MOA:  binds to V2 vasopressin receptors and increases reabsorption of water in the collecting duct
Monitor serum Na, u/o



Summary of 
guideline 
recommendations

Subject United States Guideline (2013) European Guideline (2014)

Acute or symptomatic 
hyponatremia

- Severe symptoms:  bolus 3% saline      
(100 mL over 10 min x 3 prn)

- Moderate symptoms:  continuous 
infusion 3% saline (0.5-2 mL/kg/hr)

- Severe symptoms:  bolus 3% saline    
(150 mL over 20 min x 2-3 prn)

- Moderate symptoms:  bolus 3% saline 
(150 mL over 20 min x 1)

Chronic hyponatremia

SIAD - Fluid restriction (1st line)
- Demeclocycline, urea, or vaptan (2nd line)

- Fluid restriction (1st line)
- Urea or loop diuretic + PO NaCl (2nd line)
- Vaptans:

- Na < 130:  do not recommend
- Na < 125:  recommend against

- Recommend against lithium and 
demeclocycline

Hypovolemic 
hyponatremia

- Isotonic saline - Isotonic saline or balanced crystalloid

Hypervolemic
hyponatremia

- Fluid restriction
- Vaptans (risk vs. benefit in liver cirrhosis)

- Fluid restriction
- Recommend against vaptans

Summary of guideline recommendations

Hoorn & Zietse.  J Am Soc Nephrol.  2017;28:1340-1349



Summary of 
guideline 
recommendations

Subject United States Guideline (2013) European Guideline (2014)

Correction rates - Minimum:  4-8 mmol/L per day
- High risk of ODS:  4-6 mmol/L per day

- Limit:  10-12 mmol/L per day
- High risk of ODS:  8 mmol/L per day

- Minimum: (none)

- Limit: 10 mmol/L per day

Management of 
overcorrection

- Baseline Na ≥ 120 mmol/L:                   
probably unnecessary

- Baseline Na < 120 mmol/L:                       
start re-lowering with electrolyte-free 
water or desmopressin after correction 
exceeds 6-8 mmol/L per day

- Start once limit is exceeded

- Expert consultation to discuss giving 
electrolyte-free water (e.g. D5W) and/or 
desmopressin IV

Summary of guideline recommendations

Hoorn & Zietse.  J Am Soc Nephrol.  2017;28:1340-1349



Questions?
Thank you!
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