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Sodium Disorders



Sodium Disorders

Disorders of serum Na+ concentration

are caused by abnormalities in water

homeostasis that lead to changes in

the relative ratio of Na+ to body water.

Na+/TBW



WATER BALANCE
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HYPONATREMIA
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HYPERNATREMIA
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Disorders of serum Na+ concentration 

Abnormalities in water homeostasis

Water intake AVP



Hyponatremia



Plasma Na+ concentration <135 mmol/L 

usually reflects a hypotonic state.

Most causes of hyponatremia are associated 

with a low plasma osmolality.

Hyponatremia

Plasma osmolality  =  𝟐 × 𝑵𝒂 +
𝑮𝒍𝒖𝒄𝒐𝒔𝒆

𝟏𝟖
+

𝑩𝑼𝑵

𝟐.𝟖



Causes of hyponatremia
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Hypotonic intravenous fluids13
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Advanced Renal Failure

 The impairment in free water excretion in advanced 

renal failure can lead to the retention of ingested 

water and the development of hyponatremia.
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Increased secretion of AVP

Hypovolemia

↓Tissue perfusion(↓EABV)

A primary ↑ADH
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17 Hypovolemia

↑AVP

↑water 
reabsorption 

Hyponatremia

If ↑free 

water intake



↓Na due to  Hypovolemia

Urine Na<20

 Vomiting 

 Diarrhea 

Urine Na>20

 ↓Aldosterone 

 Thiazide 

diuretics
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 Heart failure

 cirrhosis







SIADH

The osmotic threshold and osmotic response curves 

for the sensation of thirst are shifted downward in 

patients with SIAD. 

Hyponatremia in patients with SIADH is primarily due 

to the intake of water that is not excreted. 
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Manifestations of hyponatremia

 The symptoms of hyponatremia are primarily neurologic,
reflecting the development of cerebral edema within a
rigid skull.

 Nausea and malaise, serum sodium concentration falls
below 125 to 130 meq/L.

 Headache, lethargy, obtundation and eventually seizures,
coma, and respiratory arrest can occur if the serum
sodium concentration falls below 115 to 120 meq/L.
Noncardiogenic pulmonary edema has also been
described.



Manifestations of hyponatremia(continue)

 The cerebral adaptation permits patients with chronic
hyponatremia to appear to be asymptomatic.

 This reduction in intracellular osmolytes is largely
complete within 48 hrs, the time period that clinically
defines chronic hyponatremia.

Mild to moderate hyponatremia may contribute to
fractures in elderly patients. Patients with
hyponatremia are more likely to have osteoporosis
than patients without hyponatremia.





 Osmotic Demyelination Syndrome

(ODS) is associated with rapid

correction of hyponatremia or fluid

shifts, and is characterized by

neurological involvement related to

pons, brainstem or other areas of the

brain. All possible measures should be

taken to prevent this serious disorder.

Osmotic 

Demyelination 

Syndrome(ODS)



Treatment



Emergency therapy

 Severe symptoms 

seizures or obtundation

 Hyperacute

over just a few hours. 

a 4 to 6 meq/L increase in the Na should be achieved as soon 
as possible

 If severe neurologic symptoms persist or worsen, or if the serum 
sodium is not improving, a 100 mL bolus of 3 percent saline can 
be repeated one or two more times at 10-minute intervals.

100 mL of 3 percent saline given IV bolus 



Non-emergency therapy

 Severe hyponatremia (≤120 meq/L):

 A slow IV hypertonic saline at 15 to 30 mL/hour, 

Correction rate of 6 meq/L per day.

 Asymptomatic patients with acute* hyponatremia:

 IV hypertonic saline (50 mL over 10 minutes). 

 Two or three additional boluses of 50 to 100 mL of hypertonic saline can be 

given if symptoms develop and/or the serum sodium does not improve.

 Should generally receive hypertonic saline.

 the total elevation in serum sodium should be 4 to 6 meq/L

*Hyponatremia developed within the previous 24 hours.



Calculation of Na+ deficit

•Na+ deficit = 0.6 × Wt.× (target–plasma Na+)



Hypertonic saline

Indications 3 % saline Rate

Severe symptoms 100 mL IV bolus 4 to 6 meq/L increase as 
soon as possible

acute* hyponatremia 50 mL over 10 minutes total elevation 4 to 6 meq/L

≤120 meq/L A slow IV hypertonic 
saline at 15 to 30 

mL/hour

Correction rate of 
6 meq/L per day



Rate of Correction

 Treatment of acute symptomatic hyponatremia should 

include hypertonic 3% saline (513 mM) to acutely 

increase plasma Na+ concentration by 1–2 mM/h to a 

total of 4–6 mM.

 Every effort should be made to keep the rise in serum 

sodium less than 9 meq/L in any 24-hour period.



Goal of Therapy

 The goal of therapy should not be a predefined serum 

sodium level, as this will lead to overcorrection of 

hyponatremia when the serum sodium concentration is 

extremely low. 

 Small (4 to 6 meq/L) increases in the serum sodium 

concentration are sufficient; larger increases offer no 

therapeutic advantage and only increase the risk of 

osmotic demyelination.



Fluid restriction

 For the treatment of symptomatic or severe 

hyponatremia in edematous states (such as heart failure 

and cirrhosis), SIADH, and advanced renal impairment.

 In general, fluid intake should be less than 800 mL/day.



Hypernatremia



Hypernatremia

Plasma Na+ concentration >145 mmol/L

Hypernatremia = hyperosmolality

Fixed number of ICF particles→↓ICF Volume
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Na

Osmolality

Cellular 
dehydration in 
brain

Neurologic symptoms
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Response to ↑Na:

Thirst

AVP

↓ U vol + ↑ Uosm



Etiology

Water loss:

The majority of cases

Sodium gain

Water

Na
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Etiology

Na
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Water loss:
• Insensible losses

• GI tract
• Renal water loss

Sodium gain:
• Hypertonic NaCl

• NaHCO3 
• Ingestion of sodium

Water



↑Na due to  Water loss

↑ Urine Osmolality

Osmotic diarrheas : 

 Lactulose, sorbitol 

 Malabsorption of 

carbohydrate 

↓Urine Osmolality

 DI

 Osmotic diuresis: 

 poorly controlled DM 
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• Fever

• Exercise

• Heat 

exposure 



Approach To Hypernatremia
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●Diarrhea & vomting

●Polyuria

●Fever

●Salt intake

●Hyper & hypovolemia

●U/A=>SG=1.010

(Uosm=10*35=350)

Approach to hypernatremia



CLINICAL FEATURES

The major symptoms of hypernatremia are and include 
altered mental status, weakness, neuromuscular irritability, focal 
neurologic deficits, and occasionally coma or seizures.

A decreased brain cell volume is associated with an increased risk 
of subarachnoid or intracerebral hemorrhage.

Osmotic damage to muscle membranes can lead to 
hypernatremic rhabdomyolysis.
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Persistent hypernatremia should not occur 

in patients who are alert, have an intact 

thirst mechanism, and have access to         

water.

Remember



Treatment Of Hypernatremia



Treatment of Hypernatremia

Correct hypernatremia slowly to avoid 
cerebral edema

Typically replacing the calculated free 
water deficit over 48 h 

The plasma Na+ concentration should be 
corrected by no more than 10 mM/d
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Safest route of administration of water is by mouth 

or via a nasogastric tube.

5% dextrose in water or half-isotonic saline can be 

given intravenously.

Treatment of Hypernatremia



Treatment of Hypernatremia

 CDI:

 Desmopressin

 low-salt diet + low-dose thiazide diuretic 

 Stimulate AVP secretion or enhance its action:

Chlorpropamide, clofibrate, carbamazepine, NSAIDs

 NDI:

 Low-salt diet + low-dose thiazide diuretic

 NSAIDs

 Amiloride:

NDI who need to be on lithium

The nephrotoxicity of lithium requires the drug to be taken up into 

collecting duct cells via the amiloride-sensitive Na+ channel. 


