Disorders of Osmolality
Osmotic pressure depends on the number of particles but not size or charge.  ECF osmolality is 
dominated by sodium and its anions.
2/3 body water is intracellular, and 1/3 body water is extracellular.
Ineffective solutes such as urea are freely permeable and don’t contribute to osmotic gradient.
Effective solutes such as sodium or Cl- are actively kept out of cells and create osmotic gradient.
Effective osmolality is estimated as 2*[Na+]
The “osmolal gap” is the (measured – calculated) osmolality, and is usually around 10 mOsm/kg.

If the osmolal gap is large, there may be increased foreign ineffective solutes such as 
ethanol, methanol, or ethylene glycol.  So large osmolal gaps suggest intoxication.
Osmolality is measured independently from volume.
Osmolal regulation
Osmolality is controlled by thirst (water intake) and ADH/vasopressin (water excretion)

Thirst can maintain normal osmolality even with complete failure of urine concentrating functions.

Osmotic control of thirst occurs in the ventral hypothalamus.

Thirst changes are more responsive to hyperosmolal than hypoosmolal states.

Older subjects have increased release of vasopressin at a given osmolality, but decreased thirst.
Vasopressin (ADH) allows water in CCD to travel through aquaporins down its conc. gradient.  Vasopressin increases cAMP, which redirects aquaporin channels to the apical surface.

Vasopressin is made in hypothal and stored in pituitary.  Release controlled by ventral hypothal.
Decreased ECV boosts ADH in an exponential fashion, so that ADH is not very responsive to 
small changes in BP.  But with hemorrhage or large drops in BP (>15%), ADH skyrockets.
Ethanol inhibits ADH secretion, creating diuresis.
Cerebral effects of osmotic stress
During rapid hyponatremia, the brain cells pump out ions (Na, K) to balance osmotic gradient.
During chronic hyponatremia, the brain cells pump out ideogenic osmolytes (mostly AA’s) instead.

This takes a few days.  So correcting chronic hypoosmotic states must be done slowly to 
allow reuptake of ideogenic osmolytes.  Otherwise, you get Central Pontine Myelinolysis.
Hypoosmolar Syndromes
Usually caused by low sodium concentration, but total sodium content may in fact be high.
1.  Hypovolemic hyponatremia starts with major sodium losses and volume depletion, usually from 
vomiting, diarrhea, hemorrhage, or diuresis.  RAA system will activate.  If you desperately 
need volume, ADH will rise to maintain volume at the expense of normal osmolality.
(Raymond removed image of the italicized statement.)
2.  Euvolemic hyponatremia starts with inappropriate ADH secretion (SIADH) due to 
paraneoplastic disease (lung cancer), hypothyroidism, or CNS damage.  The patient 
appears euvolemic but is actually slightly hypervolemic.  Treat by restricting fluids.
3.  Hypervolemic hyponatremia starts with decreased ECV due to liver damage, CHF, or 
nephrotic syndrome.  Fluid leaks out, causing edema.  Body senses underfilling, thinks it 
is hypovolemic, and increases water uptake.  Worsening cycle of fluid sequestration.  
Treat with diuretics and salt restriction.
(Raymond removed differential diagnosis of volume status.)
Hyperosmolar Hyponatremia
This is a special case where there is another major osmolyte, such as manitol or glucose.  So 
hypertonic hyponatremia might be seen in a hyperglycemic diabetic.  Water will move 
out of cells into the blood, lowering the concentration of sodium.  Total sodium content 
will be normal, but concentration is lower.  Treatment is with insulin.

Hyperosmolar Hypernatremia
Usually caused by high sodium concentration, but total body sodium may in fact be low.
Cellular adaptation to chronic hyperosmolarity is to increase ideogenic osmolytes.

Elderly patients especially susceptible because they have decreased thirst and urine conc. function.

1.  Hypervolemic hypernatremia is a loss of hypotonic fluid, usually diarrhea.
2.  Euvolemic hypernatremia is usually caused by diabetes insipidus (DI) or lithium therapy.  
--“Central DI” is an inability to secrete vasopressin.  Treat with dDAVP.


--“Nephrogenic DI” is an inability of the kidneys to respond to vasopressin.  Treat with 


salt restriction and mild diuretics to induce mild volume depletion.  This 



stimulates proximal tubule to absorb more free water.
