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A. The countercurrent mechanism of the kidneys, which allows for urinary concentration and dilution, acts in concert with the hypothalamic osmoreceptors via vasopressin secretion to maintain a finely tuned balance of water and to keep serum sodium and serum tonicity within a narrow range.  A defect in the urine-diluting capacity when coupled with excess water leads to hyponatremia, which is defined as a plasma sodium concentration of less than 135 meq/L.

B. Pseudohyponatremia (sodium concentrations spuriously low) occurs when the solid phase of plasma is greatly increased by large increments in either lipids or proteins (e.g. in hypertriglyceridemia and paraproteinemias).  Plasma osmolality remains normal.

C. Translocational hyponatremia is due to a shift of water from the ICF to the ECF (e.g. hyperglycemia, high BUN, ethanol intoxication).  It does not reflect changes in total body water.

D. Clinical Approach to Hyponatremia

1. Separate into acute and chronic hyponatremia.  Duration of acute hyponatremia is less than 48 hours, which commonly occurs in the post operative clinical setting.  Chronic hyponatremia duration is usually greater than 48 hours.

2. When pseudohyponatremia and translocational hyponatremia are ruled out and the patient is established as truly hypo-osmolar, the next step is to classify the patient as hypovolemic, euvolemic or hypervolemic.

a. Hypovolemic hyponatremic states have both a total body Na+ and a water deficit, with the Na+ deficit exceeding the water deficit.  This occurs in patients with high gastrointestinal and renal losses of water and solute accompanied by free water or hypotonic fluid intake.  The renal imperative to maintain effective circulating blood volume overrides its role in regulating plasma osmolality.  Despite decreased plasma osmolality, these states are characterized by non-osmotic secretion of anti-diuretic hormone (ADH) with avid salt and water retention.  Urinary sodium less than 10 meq/L signifies extrarenal losses.  Urinary sodium greater than 20 meqL L signifies renal losses of sodium and water.  Direct management at correcting the underlined disorder and re-establishing normal effective circulating volume.

b. Euvolemic hyponatremia  is the most commonly encountered dysnatremia in hospitalized patients.  In these patients, no physical signs of increased total body Na+ are detected.  They may have slight excess of volume but are not edematous.  The urinary sodium concentration is generally greater than 20 meq/L.  This is caused by persistent nonosmotic secretion of ADH in the absence of evidence of either water depletion or salt retention.  Total body sodium is normal and the urinary Na+ reflects daily intake of sodium  Water restriction of underlying disorder is the cornerstone of treatment.  If hyponatremia is accompanied by seizures or metal status changes, initial therapy should include infusion of the 3 % saline, with diuretics if volume overload is a threat, sufficient to raise the plasma sodium 0.75 – 1.0 meq/L/hour, until the plasma sodium rises above 120 meq/L, followed by water restriction.  Two endocrine disorders must be considered:  Hypothyroidism and secondary adrenal insufficiency associated with pituitary or hypothalamic disease.  Syndrome of inappropriate vasopressin secretion (SIADH), should be considered after exclusion of other diagnoses in the euuvolemic hyponatremic patient.  Essential diagnostic criteria are decreased extracellular fluid effective osmolality (<270 mOsm/kg water); inappropriate urinary concentration ( > 100 mOsm/ kg water ); clinical euvolemia; elevated urinary Na+ under a normal salt and water intake; and absence of adrenal, thyroid, pituitary, renal insufficiency or diuretic use.

c. Hypervolemic hyponatremia.   In conditions causing hypervolemia, the total body Na+ and total body water are increased, water more so than sodium.  These patients have cardiac failure, cirrhosis, nephritic syndrome or renal failure.  In the absence of the use of diuretics, the urinary sodium in the hyponatremic edematous patient is low (< 10 meq/L), because of avid tubular sodium reabsorption.  The exception occurs in the presence of acute or chronic renal failure, in which, because of tubular dysfunction, the urinary sodium concentration is higher ( > 20 meq/L ).  Treatment entails water restriction, diuretics, and therapy for the underlying condition.  Severe hyponatremia with mental status changes, hypervolemia, and renal failure may require emergency dialysis.  

E. Therapeutic Essentials

1. When faced with a patient with hyponatremia, the most critical decision to make is whether the problem is an acute or chronic one.  These two entities represent very different pathophysiologic conditions, pose different risks, and require a very different therapeutic approach.

2.  Acute hyponatremia develops in less than 48 hours, so there is insufficient time for swollen brain cells to shrink their volume.  The major risk is a rise in intracranial pressure and herniation of the brain.  Treatment should be prompt.  The aim should be to raise the serum Na+ by 2mmol/L/hour until symptoms resolve.  Complete correction is unnecessary, although it is not unsafe.  Hypertonic saline (3% NaCL) is infused at a rate of 1 to 2 ml/kg/hour, and a loop diuretic, such as furosemide, enhances solute-free water excretion and hastens the return to a normal serum Na+.  Serum electrolytes should be carefully monitored.  

3. Chronic symptomatic hyponatremia:  If it is known that hyponatremia :  has taken more than 48 hours to evolve, or if the duration is not known, therapy for correction should be prescribed with caution.  The following guidelines are fundamental to treating a patient with chronic symptomatic hyponatremia:

a. Because cerebral water is increased only by approximately 10% in severe chronic hyponatremia, promptly increase the serum Na+ level by 10% or by approximately 10 mmol/L.

b. After the initial correction, do not exceed a correction rate of 1.0 – 1.5 mmol/L/hour.

c. Do not increase the serum Na+ concentration to more than 15 mmol/L/24 hours

d. Perform frequent measurement serum and urine electrolytes

e. Once the desired increment in serum Na+ concentration is obtained, the treatment should consist of water restriction.

4. Chronic asymptomatic hyponatremia.  These patients rarely have significant symptoms specifically related to this electrolyte disorder.  The danger to therapy is too rapid a rise in the plasma Na+ will lead to osmotic demyelination.

a. Search for an underlying disorder.  Hormones must be replaced for hypothyroidism and adrenal insufficiency.

b. Analysis of patient’s medications should be made and necessary adjustments done.

c. Fluid restriction is the first-line therapy.

d. Increase in solute excretion.  Because urine flow can be significantly increased by obligating solute excretion.  A loop diuretic, when combined with a high sodium intake (2 to 3 grams additional NaCl), is effective.

e. Pharmacologic agents: Lithium, demeclocycline, vasopressin antagonists.
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Measure urinary Na





> 20 mmol/ L





RENAL LOSSES


Diuretic excess


Mineralocorticoid deficiency


Salt losing nephropathy


Bicarbonaturia with renal tubular acidosis and metabolic alkalosis


Ketonuria


Osmotic diuresis


Cerebral salt wasting





HYPOVOLEMIA


Total body water decreased


Total body sodium decreased





HYPONATREMIA





ASSESS VOLUME STATUS





EUVOLEMIA (NO EDEMA)


Total body water increased


No change in 


total body Na (> 20 mmol/L)





HYPERVOLEMIA


Total body water Increased


Total body Na Increased





Measure Urinary Na





EXTRARENAL LOSSES


Vomiting


Diarrhea


Third spacing of fluids in burns, pancreatitis, trauma





Glucocorticoid deficiency


Hypothyroidism


Stress


Drugs


Syndrome of inappropriate vasopressin secretion (SAIDH)





Acute or Chronic Renal Failure





Nephrotic syndrome


Cirrhosis


Cardiac Failure





> 20 mmol/L





< 20 mmol/L





< 20 mmol/L





DIAGNOSIS IN HYPONATREMIA





HYPERVOLEMIA HYPOTONIC HYPERNATREMIA


Total Body Water decreased


Total body sodium decreased


Effective arterial blood volume low





UOsm > 100 mOsm kg








Treatment:


Onset slow (>48 hours): 0.9% NaCl


Once ECF is restored, ADH secretion will cease and diuresis will occur.  This may make the serum sodium rise greater than 12 meq/ Day change to 0.45% saline if necessary.


Onset rapid (48 hours): May consider 3% NaCl


Stop offending medications, restore intravascular volume with 0.9% NaCl











Causes:


Extrarenal Losses, Vomiting, Diarrhea, Third spacing (burns, pancreatitis), Bowel obstruction, Trauma, Sweating





UNa < 20 meq/L





PSEUDOHYPONATREMIA


Hypertriglyceridemia, Hyperglobulinemia, Ion-specific electrodes has alleviated this lab error





HYPONATREMIA ALGORITHM





Uosm < 100 MOsm/kg Maximally dilute


Appropriately low





Uosm > 100 mOsm/ kg


Inappropriately high





UOsm > 450 mOsm/ kg





NORMAL ( - 280 mOsm) Isotonic





MEASURED SERUM OSMOLALITY





ELEVATED ( > 280 mOsm) Hypertonic





Low (-280 mOsm) Hypertonic Hyponatremias





HYPERGLYCEMIAS


Unmeasured effective osmoles 


(glycine, mannitol, sorbitol, maltose, radiocontrast dyes)





HYPERVOLEMIC  HYPOTONIC HYPONATREMIAS


Total body water increased


Total body water sodium








EUVOLEMIC HYPONTONIC HYPONATREMIA (NO EDEMA)


Total Body Water Increased


Total Body Sodium <->








UNa > 20 meq/L





Causes:


Renal losses


Diuretics


Mineralocorticoid deficiency (aldosterone)


Salt losing nephrons


Bicarbonaturia (renal tubular acidosis, metabolic alkalosis)


Cerebral salt wasting syndrome


Ketonuria, Osmotic diureses





UNa < 20 meq/L


Maybe > 20 if with diuresis





UNa > 20meq/l





Cause:


CHF, cirrhosis, nephritic syndrome


Low effective arterial blood volume (Orthostatic changes in HR, BP, hemoconcentration), causes release of ADH and aldosterone





Treatment:


Onset: Slow (> 48 hours) Fluid Restriction


Onset: Rapid (48 hours), 3% NaCl and loop diuretic


Optimize treatment of underlying disease; restrict salt and water intake, give loop diuretics





Causes:


Acute or chronic renal failure





Treatment:


Dialysis





UNa > 20 meq/ l





UNa < 20 meq/l





Causes:


Hypothyroidism (TSH level), Glucocorticoid deficiency (adenocorticotrophin stimulation test), SIADH, Stress, Drugs





Causes:


Primary polydipsia (psychogenic polydipsia)


Low solute intake 


(Beer potassium syndrome)





Go to Severe Euvolemic Hypotonic Hyponatremia on the next page





Fluid Restrict





Treatment:


3% Sodium Chloride 1-2 ml kg/ hour until symptoms resolve, then 0.5 ml/kg/hour.  Sodium should not increase any faster than 12 meq/L in first 24 hours or 20 meq/L in the first 48 hours.  Stop 3%  sodium chloride as soon as medical possible.





Water restriction, 3% NaCl plus loop diuretic, stop offending medications; hormone replacement.





If urine mOsm > 300 a loop diuretic may be needed to enhance water excretion.





The sum of urinary cations (UNa – UK) should be less than the concentration of the infused sodium to ensure excretion electrolyte free water





There is no consensus about the optimal treatment of symptomatic hyponatremia.  Correction should be of a sufficient pace and magnitude to reverse the manifestations of a hypotonicity, but not so rapid and large as to pose a risk for developing osmotic demyelination.  The speed at which hypernatremia develops rather than the magnitude of hyponatremias is most closely associated with degree of symptoms.  Normalization of serum sodium should be avoided for the first 48 hours. 





For mild symptoms of hyponatremia, or asymptomatic patients with serum sodium above 125 meq/l, use a conservative approach (Water restriction less than 1 – 1.25 l day).  If serum sodium continues to decline 0.9% NaCl may be given to clarify diagnosis.  If the patient has SIADH hyponatremia will worsen and if they are ECF volume contracted serum sodium will improve.





Long Term management


Identify and treat reversible cause


Water restriction


Furosemide with 2-3 grams of sodium chloride per day


Demeclycycline 1200 mg on day one then 300-600 mg bid (avoid if renal or hepatic insufficiency)


Urea 125-60 grams a day





No immediate correction needed





Treatment:


3% Sodium Chloride 1-2 ml/kg/hour, change to water restriction after 10% or 10 meq/l increase in serum sodium or symptoms resolved.  Maximum correction of 15 meq/L per day





Water restriction, 3% NaCl plus loop diuretic, stop offending medications, hormone replacement.





Patients with chronic hyponatremia are at a higher risk for severe side effects if serum sodium is corrected too rapidly.





The sum of urinary cations (UNa – UK) should be less than the concentration of the infused sodium to ensure excretion of electrolyte free water.





Acute < 48 hours





SYMPTOMATIC


Confusion, ataxia, seizures, obtundation, coma, respiratory depression





SEVERE EUVOLEMIC HYPOTONIC HYPONATREMIA


(Serum Sodium < 125 meq/L)





ASYMPTOMATIC OR MILD SYMPTOMS


(Headache, lethargy, dizziness)





Chronic > 48 hours or Unknown Duration





Chronic


Rarely < 48 hours








