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OSMOLALIT Y AND VOLUME STATUS

Normal serum osmolality is usually 282 +/- 2 mOsm/ kg H20. If no osmolal 
gap exists from an acid alcohol ingestion, then measured osmolality should 
be equal to calculated osmolality, which is (roughly):

Osmcalc = 2[Na+] + (glucose/18) + (BUN/2.8)

If glucose and BUN are normal, use 2 x (Na+] to quickly see if the patient's 
osmolality is- 270.



Antidiuretic hormone (ADH) is the common term for arginine vasopressin 
(AVP). ADH is the primary regulator of renal water excretion; it is a 
neurohypophysial hormone that acts on the late distal tubule and cortical 
collecting duct to increase water permeability and mediate the urine 
concentration.



ADH levels are regulated by several mechanisms. The 2 most 
important are:

I) Osmoreceptors in the hypothalamus
2) Volume (stretch) receptors in the left atrium (and possibly in the 

pulmonary veins) and blood vessels
The strongest stimulant for ADH release is significant volume loss 

resulting in hypotension; e.g., hemorrhage. This stimulates both 
the stretch receptors and baroreceptors.

High plasma osmolality is a weaker but more sensitive stimulus for 
ADH release.















Volume status of the patient with a sodium abnonnality is critical in 
determining the treatment. In general, if the patient is edematous, there is 
volume overload. If the patient has the clinical signs of volume loss, there 
is a volume deficit. If there is neither of these, the patient is considered 
euvolemic.

Remember these clinical clues to hypovolemia: tachycardia, narrowed pulse 
pressure, orthostatic hypotension, and resting tachycardia with 
hypotension. Central venous pressure is low.





HYPONATREMIA





HYPONATREMIA
lsoosmolar and Hyperosmolar

Low serum Na+ is the most common electrolyte abnormality. 

• lsoosmolar hyponatremia: An artifactual decrease in the serum Na+ associated with 
older lab instruments that miscalculated sodium in settings of high protein (e.g., 
myeloma) or lipids. The current standard in laboratory practice is to use 
ion-specific electrodes, thus eradicating this problem.

• Hyperosmolar: Both glucose and mannitol cause an osmotic shift of water out of 
cells, which dilutes plasma Na+. ( elevated BUN )

Remember: For each 100 increase in glucose over 100 mg/dL, the sodium 
concentration decreases by 1.6.



Hypoosmolar
By far, the largest low-Na+ subgroup is the hypoosmolar group. Note that the 

terms hypo osmolar and hypotonic are interchangeable.

The low osmolality causes water movement into cells, leading to intracellular 
swelling, which may result in neuromuscular excitability, seizures, and 
coma-usually when the Na+ falls acutely ( < 120). If the sodium level 
decreases slowly, the cells re-equilibrate and do not swell enough to cause 
these symptoms. The hypoosmolar group is further subdivided by volume 
status: low, high, and normal.



         Always think of the serum sodium concentration as the ratio of total 
body sodium to water, with increased total body water content as the key 
disorder in most cases of hyponatremia. Therefore, hypotonic 
hyponatremia is a water problem. Whenever the serum sodium is low, it 
means the patient has more water relative to total body sodium either 
from loss of sodium, true water excess, or total body sodium excess that is 
exceeded by water excess.

In the patient with hypotonic low Na+, the first thing to do is assess the 
volume status, which is done clinically.

Volume status essentially reflects total body sodium content.



Low Osmolality ... Low Volume (Hypovolemia)
Low-volume patients have lost both water and Na+, but more Na+ than water. 

This has several causes:
• Diuretics
• Gl losses (vomiting and diarrhea)
• Third spacing of fluid
• Adrenal insufficiency (Addison disease)
In primary adrenal insufficiency, both cortisol and aldosterone are deficient. 

The low aldosterone causes renal Na+ wasting and decreased K+ and H+ 
excretion, resulting in hypovolemia (sometimes with hypotension), 
hyperkalemia, and metabolic acidosis. The low cortisol stimulates ADH 
production, resulting in hyponatremia.



Low Osmolality ... High Volume (Hypervolemia)

High-volume hyponatremic patients usually retain water and Na+, but more 
water than Na+. These patients have dependent edema and JVD.

Causes of low osmolality, high-volume status include:

• Edema-forming states: heart failure, cirrhosis, and nephrotic syndrome

• Kidney failure: acute or chronic



           Normal treatment is restriction of water and Na+.
           Lithium and demeclocycline can improve hyponatremia by inducing 

tubular resistance to ADH, but should not be used routinely because they 
can lead to chronic kidney disease. Also, avoid chronic, oral thiazide 
diuretics because they impair urinary-diluting ability, which can worsen 
hyponatremia. Loop diuretics can be very effective in patients with 
high-volume hyponatremia.

           It's easy to precipitate acute kidney injury with rapid diuresis of a 
high-volume cirrhotic patient. Cirrhotics tend to have a low GFR, even with 
a normal serum creatinine.

         They have decreased muscle mass, so a decrease in their GFR is not 
necessarily reflected in their serum creatinine concentration.



Low Osmolality ... Normal Volume (Euvolemia)
SIADH
Normal-volume patients usually have SIADH or are taking drugs that either mimic ADH or cause ADH 

release.
Know that pain and chronic nausea are potent natural stimulators of ADH release.
Normal-volume hyponatremia also can be caused by psychogenic polydipsia (but in a patient with 

normal renal function and solute intake, it takes over 15 Llday of water intake to produce 
hyponatremia), hypothyroidism, and isolated glucocorticoid deficiency.

Causes of SIADH include the following:
• CNS disease (e.g., meningitis)
• Lung disease (e.g., pneumonia)
• Neoplasms (especially small cell lung cancer)
• Drugs



Most common drugs associated with SIADH:
• NSAIDs
• SSRis
• Carbamazepine and oxcarbazepine
• Psychotropic drugs: haloperidol, amitriptyline
• IV cyclophosphamide
• VincristineNinblastine
• Cisplatin
• Chlorpropamide (now rarely used)
• Ecstasy (methylenedioxymethamphetamine)





Diagnose SIADH by comparing the urine and serum osmolalities. The normal 
response to hyponatremia would be to excrete free water in the urine; 
e.g., healthy patients would have a low serum osmolality and a low urine 
osmolality (< 200 mOsrn/L) because they are making dilute urine; this is 
what you see in psychogenic polydipsia. In SIADH, however, the urine is 
inappropriately concentrated (> 250 mOsm/L) in the setting of a low 
serum osmolality. The patients are not excreting free water, so the serum 
osmolality is low, but the urine osmolality is high.



The mechanism for ADH release in moderate-to-severe hypothyroidism is 
decreased cardiac output, which stimulates the carotid baroreceptors. 
Rule out hypothyroidism and glucocorticoid deficiency in all patients with 
hyponatremia before making a diagnosis of SIADH because both causes 
can have low serum osmolalities and high urine osmolalities-more 
commonly seen in SIADH. Sometimes you cannot tell the difference using 
these tests, so look for the hormone deficiencies in everyone first, before 
diagnosing SIADH.







Thiazide Diuretics

Thiazides also can cause euvolemic low osmolality hyponatremia via several 
possible mechanisms, both ADH-related (by inducing mild volume 
depletion and directly stimulating ADH release) and non-ADH-related (by 
impairing urinary dilution in the early distal tubule). Elderly patients are 
highly susceptible to this effect of thiazides.



Treatment of Hyponatremia
Treat asymptomatic hyponatremia (no CNS changes) based on etiology:

• Normal serum osmolality hyponatremia: This is artifact and does not require 
treatment.

• High osmolality hyponatremia: sometimes attributable to glucose or 
mannitol. Treating the underlying disease process (e.g., DKA) normalizes 
the sodium with time.

• Low osmolality and:

o Hypovolemic: normal saline to replenish deficit

(watch for over-rapid correction!).



o Hypervolemic: fluid restriction(- 800 cc/day) 

+/- loop diuretics.

o Euvolemic: SIADH is treated with fluid restriction (- 800 cc/day). Refractory 
cases can be treated with an ADH receptor antagonist, such as conivaptan 
or tolvaptan. Treat hypothyroidism or glucocorticoid deficiency with 
appropriate replacement. 

Remember: Isotonic saline worsens hyponatremia in patients with SIADH.



If the symptoms of hyponatremia are severe (e.g., neurologic symptoms such 
as lethargy, confusion, coma, seizures) and the patient is not hypovolemic, 
treat with 3% saline. Correction of hyponatremia should never exceed 9 
mEq/L over 24 hours due to the risk of osmotic demyelination syndrome 
(see next slide ).



Standard therapy: Give enough 3% saline to increase the serum sodium by 6-8 
mEq/L over 24 hours.

 For severe symptoms (seizure, coma), a 100 mL bolus of 3% saline is 
recommended to quickly raise the serum sodium by 2-3 mEq/L. If symptoms 
persist, 2 more boluses can be given in 10-minute intervals.

 For moderate symptoms (confusion, lethargy) and suspected SIADH, hypertonic 
saline can also be used. A reasonable initial rate is 0.5-1.0 mL/kg lean body 
weight/hour. The serum sodium should be checked frequently (every 2-4 
hours) and the rate adjusted to achieve the target correction of 6-8 mEq/L 
over 24 hours. Watch carefully for the abrupt onset of a water diuresis, which 
can cause the serum sodium concentration to rise too fast, especially in 
patients with psychogenic polydipsia, hypovolemic hyponatremia, and 
hyponatremia due to thiazide diuretics.



Osmotic demyelination syndrome was previously referred to as central 
pontine myelinolysis because it is most prominent in the pons. If the 
sodium concentration is raised too rapidly, the cells can shrink (water 
rushes out of cells into the blood stream, where the osmolality has risen), 
potentially causing this demyelination syndrome. This rare effect is more 
likely to occur in the patient with chronic, severe hyponatremia (Na+ < 115 
mEq!L for > 2 days) whose sodium is corrected rapidly(> 10 mEq!L over 24 
hours). Symptoms are delayed by about a week, compared to the rise in 
the sodium concentration, and are usually not reversible. Presentation 
includes speech and swallowing difficulties, weakness or paralysis, 
cognitive deficits, and coma. Seizures occasionally occur.



A related cause of severe and sometimes symptomatic hyponatremia is 
exercise-induced hyponatremia, reported in marathon and other 
endurance exercise participants and caused by both nonosmotic 
production of ADH and excessive intake of hypotonic fluids.

 3% hypertonic saline should be promptly administered when diagnosed.



HYPERNATREMIA



?Can You Drink Too Much Water



Overview
Severe hypernatremia is fairly rare but always represents a water deficit. It 

does not occur unless the patient is unable to get to water (debilitated or 
H2O unavailable) or the thirst mechanism is defective. Unlike 
hyponatremia, these patients are always hyperosmolar, so the 1st step is 
determining volume status. Low volume implies water and total body Na+ 
loss (water deficit exceeding Na+ deficit). 

 Treat severe hypovolemic hypernatremia with normal saline first to correct 
the volume deficit, and only then with hypotonic fluids to further replace 
the water deficit.

 Remember: Even normal saline has a lower osmolality than serum in a 
patient with hypernatremia.



Cellular swelling can occur from too rapid  correction of any severe 
hyperosmolar state, such as hypernatremia, nonketotic hyperglycemic 
coma, and severe uremia. (These are just the variables in the osmolality 
equation.) Cellular swelling can cause cerebral edema, seizures, and coma. 
So be careful with the fluid rate and measure serum sodium frequently



High-volume hypernatremia:

 This is unusual and typically not serious. It most often occurs with 
mineralocorticoid excess, such as primary hyperaldosteronism. Usually, the 
only time a serious result occurs is after giving large amounts of sodium 
bicarbonate or hypertonic saline during advanced cardiac life support. 
Treat with loop diuretics and free water.



Normal-volume hypernatremia is most often seen in patients with diabetes insipidus 
(01) and reduced access to water (and thus become hypernatremic) but have not 
yet developed frank volume depletion.

Typical Dl patients with normal access to water have normal or borderline-high serum 
Na+ levels because they are constantly drinking water (hyperosmolar, and 
therefore always thirsty). Their primary complaint is usually polyuria and 
polydipsia.

Think of central Dl in the patient with high Na+ and high urine volume who also has a 
history of recent neurosurgery, head trauma, or brain cancer/metastases. 
Otherwise, Dl is typically nephrogenic Dl (also called "ADH resistant").

Nephrogenic Dl can be hereditary, with most cases presenting in childhood (mutations 
in the vasopressin 2 receptor or aquaporin 2 genes) or due to:

1.  hypercalcemia (serum Ca2+ > 11 mg/dL),

2.  chronic hypokalemia (serum K < 3 mEq/L),

3.  intrinsic renal disease (especially Sjogren syndrome),

4.  drugs (especially lithium).



? Water Restriction Test
The water restriction test not only diagnoses DI but also 

differentiates between central and nephrogenic types.
In a healthy person, when plasma osmolality increases to 295, ADH 

level is high and urine is maximally concentrated(> 700 mOsm/L).
In central DI, even with water restriction, the ADH stays low and the 

urine dilute.
Treat mild cases of central DI with thiazides and salt restriction. 

Chlorpropamide and carbamazepine can be used in cases of partial 
central DI, when desmopressin might be too potent or limited in 
supply. These drugs stimulate further ADH production if the 
patient has a partial defect.



Treat more resistant central DI with oral or intranasal desmopressin 
(synthetic vasopressin analog). Because the kidneys immediately 
respond to ADH, giving desmopressin results in a quick increase of 
the urine concentration and reduction in urine output. The 
intranasal preparation is the most potent. Be careful to titrate the 
dose properly and counsel the patient to drink only when thirsty, 
because volume overload and hyponatremia can easily occur (i.e., 
drug-induced SIADH). 



In nephrogenic 01, the ADH is appropriately high, but the urine 
is dilute: The collecting duct is resistant to the effect of ADH. 
Giving extra ADH (desmopressin) does not increase the 
concentration of the urine. Treat nephrogenic DI with 
thiazide diuretics or amiloride. NSAIDs are used to treat rare 
hereditary forms.

Remember: SIADH (high ADH) usually presents as 
hyponatremia with normal volume. DI typically presents as 
polyuria/polydipsia, with or without hypernatremia, also 
with normal volume!.



Urine Osmolality
Urine osmolality can range from 50- 1,200 mOsm/L. To make sense of the 

osmolality, you must also know the urine output (L/d). Multiply the 
osmolality x output ( 1 kg = 1 L) to get total osmoles output per day. 
Normal is about 500. This is important in the case of a patient with high 
Na+ and high urine output. If the 24-hour solute output is > 900 mOsm, 
think of an osmotic cause of the hypernatremia (e.g., hyperglycemia); 
whereas in DI, the 24-hour osmoles are normal, so the urine is very dilute.
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