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Internal and external solute and water balance

and the plasma sodium concentration

Sterns R N Engl J Med 2015;372:55-65



Serum osmolality,calculated and measured, tonicity



Comprehensive
Clin Nephrology
Eds Floege et al,
2010

Vasopressin and thirst response to changes in 
serum osmolality



Tonic and non-tonic regulation of 

water balance



Determinants of 

AVP plasma levels

Verbrugge et al, J Am Coll

Cardiol 2015;65:480–492 



Pathway of AVP signaling in collecting duct

cells involved in water excretion

Knoers N, N Engl J Med; 352; 1847-1850, 2005

CNDI: congenital nephrogenic DINSIAD: nephrogenic syndrome
of inappropriate antidiuresis



Maximal free water excretion in healthy subjects

Verbrugge et al, J Am Coll Cardiol 2015;65:480–492 



Theoretical maximal and minimal urinary 

osmolalities in progressive kidney disease 
(assuming solute excretion of 600 mOsm/24 h)

Bricker et al , J Clin Invest. 1959;38(3):516- 523

300 mOsm/L

200 mOsm/L

50



Osmolar contribution of 

electrolytes= Na+ K (mmol/l) x 2

Osmolar contibution of urea = 

concentration in mg/dl divided

by 2.8

Obligate urine volume (l/day) 

and electrolyte-free water 

clearance l/day in function of 

total osmolar load to be

excreted (mOsm/day)

A hypothetical patient

with mild urinary

diluting capacity

McGreal et al, Kidney Dis 

2016;2:56–63



Potomania Potomania + 

protein and NaCl

restricion

GFR  L/24 hour 160 L 160 L

Max distal delivery 30 L 30 L

Osmotic load 750 mOsm 300 mOsm

Max diuresis 15 L 6 L

Uosm 50 mOsm /L 50 mOsm/L

Fluid intake 15 L 15 L

Plasma sodium

(mmol/L)

140 110



Pathogenesis of hypotonic hyponatremia as derived 

from the Edelman equation

Adrogué, Madias, JASN 23: 1140–1148, 2012



Hyponatremia- General Concepts

(1) Plasma osmolality   ~   Extracellular + Intracellular solutes

TBW

(2) Plasma osmolality   ~ [(2 x Nae + 2 x Ke )]

TBW

(3) Plasma Na   ~ [(Nae + Ke )]

TBW



Clinical significance of hyponatremia



Relation of dysnatremia with mortality
in critically ill patients

Fig 2

Fig 2: odds for mortality in septic vs non septic ptients

Vandergheynst et al, Eur J Clin Invest 2013; 43 (9): 933–948



Hyponatremia: classification by neurological

symptoms

Serum sodium Neurological

symptoms

Typical duration

of hyponatremia

Severe < 125 mmol/L Vomiting, seizures, 

obtundation, respiratory

distress, coma

Acute (< 24-48 hrs)

Moderate < 130 mmol/L Nausea, confusion, 

disorientation, altered

mental status, unstable

gait/falls

Intermediate or 

chronic (> 24-48 hrs)

Mild < 135 mmol/L Headache, irritability, 

difficulty concentrating,

altered mood, depression

Chronic (several

days, to many weeks-

months)

The severity of neurological symptoms is  more dependent on the 

degree of brain volume regulation than on the serum ( Na+]



Chronic hyponatremia is associated with

much less severe symptomatology





This is not a normal

brain



Sterns R N Engl J Med

2015;372:55-65

Astrocytes and

the neurovascular

unit



Consequences of Rapid Changes in the Plasma Na

Sterns RH, N Engl J Med 2015;372:55-65.





Diagnostic and therapeutic approach to the 3 
forms of hyponatraemia

Schrier RW, J Am Soc Nephrol 17: 1820–1832, 2006.



An alternative 
algorithm for the 
diagnosis of 
hyponatremia (1)

Spasovski et al, European
Journal of Endocrinology
(2014) 170, G1–G47



An alternative 
algorithm for the 
diagnosis of 
hyponatremia (2)

Spasovski et al, European
Journal of Endocrinology
(2014) 170, G1–G47



Conditions and drugs associated with acute 
hyponatremia (< 48h)



Recommendations to avoid post-operative 

hyponatremia

• Never infuse electrolyte-free water in the acute 

perioperative setting. Give very little water by mouth until 

a dilute urine can be excreted.

• Even mild symptoms (mild nausea, headache) might be 

followed by a sudden and catastrophic herniation of the 

brain.

• Be very suspicious of a “good” urine output because this 

might be hypertonic to the infused solutions and generate 

electrolyte-free water- the desalination process.



Criteria for the diagnosis of SIADH



Plasma levels of vasopressin are inappropriately
elevated in most patients with SIADH



Causes of the syndrome of inappropriate

ADH release (SIADH

Floege, Johnson, Feehally, Comprehensive Clin Nephrology,4th ed 2010



Comprehensive Clin Nephrology

Eds Floege, Feehally, Johnson 2010

Drugs associated with hyponatremia



Leftward shift of the thirst response in SIADH, 
i.e. thirst is also abnormal



Duration of hyponatremia and differences
in treatment



ERBP recommendations for treatment of 
hyponatremia with severe symptoms

Spasovski et al, European Journal of Endocrinology (2014) 170, G1–G47



Effect of different therapies in SIADH with fixed 

Uosm of 680 mosm/kg
NaCl,

mosmol

Water, ml

Isotonic saline

In

Out

Net

308

308

0

1000

453

+547

Hypertonic saline

In

Out

Net

1026

1026

0

1000

1500

-500

Hypertonic saline + loop

diuretic (Uosm= 300

mosmol/kg)

In

Out

Net

      1026

1026

0

         1000

3400

-2400



Conditions in which overly rapid correction of 
hyponatremia may occur, caused by restoring

electrolyte free water excretion

✓ Volume repletion in hypovolemia

✓ Lowering excessive fluid intake in polydipsia

✓Nausea & alcohol withdrawal

✓ Stopping of “antidiuretic” drugs ( f.e. SSRI’s)

✓ Stopping thiazides

✓ Treatment of glucocorticoid deficiency



Caveats in thiazide-induced

hyponatremia

Berl, Rastegar, Am Journal of Kidney Dis, 55, 742-748,2010



Hyponatremia and glucocorticoid deficiency



Consequences of Rapid Changes in the Plasma [Na+]

Sterns RH, N Engl J Med 2015;372:55-65.





Advantages and disadvantages of 

therapies for hyponatremia

Chen et al , Clin Pract Nephrol, 3: 81-95, 2007



Measurement of serum and urinary electrolytes can

determine whether the patient is retaining or excreting

electrolyte-free water. 



U

(UNa + UK/PNa)

Use of urine electrolytes to predict stringency
of fluid restriction in the treatment of 

hyponatremia

Furst et al, Am J Med Sci 319, 240-244,2000





Decaux et al, N Engl J Med 373;10 september 3, 2015 









Associations of 

prolonged hypoNa+ 

and other risk factors 

for hip fracture in 

elderly

Ayus et al , Nephrol Dial

Transplant (2016) 31: 1662–

1669





Long-term effect of tolvaptan on serum sodium 
in the SALTWATER trial.

Berl et al, J Am Soc Nephrol 21:705–712, 2010



Hypernatremia 

General remarks

• Is not a specific disease - look for its cause and treat 

the underlying disease

• In hypernatremia the ICF volume is always contracted

• CNS hemorrhage is most to fear if hypernatremia is 

acute and/or severe

• Hypernatremia is almost always due to net water loss

• At least one of two defenses to water loss are 

impaired:  thirst and /or excretion of a maximally 

concentrated urine.



Table 8.12



Causes of hypernatremia




