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Abstract: Serum osmolality is the serum concentration of ions and particles dissolved in body fluid to reflect the body fluid balance 

and renal function. It is strongly affected by the concentration of sodium, potassium, glucose and urea. Measuring serum osmolality is 

useful in managing hydro - electrolytic disorders associated with sodium. It also helps in the diagnosis of hyperglycemias, adrenal 

insufficiency, therapies with hypertonic solutions in neurological lesions and in physical exercise. The management of patients with 

abnormal serum osmolality needs an interprofessional approach because of the diverse etiologies and multiple challenges in 

successfully treating the patients without causing further complications.  
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1. Introduction 
 

Osmolality is the concentration of all particles dissolved in 

body fluid. It is measured in Biochemistry section of clinical 

laboratories for the differential diagnosis of disorders related 

to the hydrolytic balance regulation, renal function and small 

- molecule poisonings 
[1]

. It is the measure of number of 

osmoles of solute per kilogram of water. Usually, osmolal 

concentration is expressed in milliosmoles per kilogram of 

water (mOsm/Kg H2O). The osmolality of a solution does 

not depend on nature of the particle, but on the number of 

dispersed particles 
[2]

. Serum osmolality is affected by the 

concentration of blood substances like chloride, sodium, 

proteins, bicarbonate and glucose. The blood urea nitrogen 

(BUN) measurement is important for calculating the serum 

osmolality. Measuring osmolality using osmometer as well 

as calculated methods has the clinical importance which has 

been covered in this paper.  

 

Measurement of Serum Osmolality 

Osmometry is the technique employed to measure 

osmolality of solutions of a biological sample by means of a 

device called osmometer, which uses the colligative 

properties to take the measurements. Colligative properties 

of a solution depend on the number of solute particles 

dispersed at certain quantity of solvent, regardless of the 

chemical nature of the solute 
[3]

.  

 

Serum osmolality can also be calculated using formulas. In 

1975 Dorwart and Chalmers proposed a formula: serum 

osmolality = 1.86 (Na
+
) + (glucose/18) + (BUN/2.8) + 9 had 

been often used to calculate the plasma osmolality 
[4]

. In 

1976, Smithline and Gardner, proposed to use serum 

osmolality = 2 (Na
+
) + glucose/18 + BUN/1.8 as a simpler 

formula 
[5]

. In 1987, Worthley et al. concluded that the best 

formula was the simple Smithline - Gardner formula, where 

the plasma concentrations are measured in mmol/L 
[6]

. The 

normal serum osmolality should range from 275 to 295 

mOsm/Kg 
 [7]

.  

 

 

 

Clinical Significance 

Alterations in serum osmolality cause many clinical 

implications. Clinicians should monitor the patient for 

seizures, peripheral edema, lung edema or intracranial 

pressure changes. Pathologies include Diabetes Insipidus, 

Congestive Heart Failure, Dehydration, Kwashiorkor, Liver 

Cirrhosis, Polysychogenic Polydipsia and Nephritic 

Syndrome 
[8, 9]

.  

 

Low Serum Osmolality  
(i) Psychogenic polydipsia: It is characterized by self - 

induced water intoxication. It has three phases. First 

phase, the polyuria and polydipsia, followed by the 

second phase as the kidney cannot excrete the excess 

water, resulting in hypoosmolar plasma that manifests 

as hyponatremia. The final phase is water intoxication, 

manifesting as delirium, ataxia, nausea, seizures, 

vomiting, which may ultimately be fatal 
[10]

.  

(ii) Syndrome of inappropriate antidiuretic hormone 

(SIADH): This condition occurs when the body 

produces an excessive amount of antidiuretic hormone 

(ADH) due to multiple causes such as central nervous 

system tumors, medications and lung cancers, resulting 

in the kidneys reabsorbing too much water, which 

manifests as a dilutional hypoosmolar plasma and 

hypertension. The treatment can involve medications 

that block the vasopressin receptor, such as tolvaptan, 

therapy with hypertonic saline, removing the 

medications inducing SIADH or treating the primary 

cause 
[11]

.  

(iii) Nephrotic syndrome: It results in excessive loss of 

protein in the urine (proteinuria over 3 grams/day), 

accompanied by hypertriglyceridemia, 

hypoalbuminemia and a hypercoagulable state. The 

proteinuria occurs when there is damage to the podocyte 

foot processes or the glomerular basement membrane, 

which results in decreased serum osmolality and oncotic 

pressure 
[12]

.  

(iv) Liver cirrhosis: Albumin is produced by the liver and 

then secreted out of the hepatic cells into the 

extravascular space, then returned to the blood via the 

lymphatic system. When liver damage occurs, the body 

Paper ID: SR221227125300 DOI: 10.21275/SR221227125300 1166 

mailto:doctordhananjayan@gmail.com
https://www.ncbi.nlm.nih.gov/books/NBK567764/?report=printable


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 11 Issue 12, December 2022 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

is unable to produce albumin and results in a 

hypoosmolar serum 
[13]

.  

 

High Serum Osmolality  
(i) Diabetes insipidus (DI): It is manifested by the 

excretion of a large volume of urine, which results in 

hyperosmolar plasma (> 300 mOsm/liter) and 

hypoosmolar urine (< 300 mOsm/liter). It results from a 

lack of ADH due to damage to neurons responsible for 

ADH production secondary to pituitary/hypothalamic 

infarcts, pituitary tumors, trauma, or sarcoidosis. 

Another cause for DI is the failure of response to 

circulating ADH. In such cases, the patient has a genetic 

mutation in the vasopressin receptors, which makes the 

hormone ineffective 
[14]

.  

(ii) Dehydration: It results when loss of water from body 

exceeds the intake. It may also be caused by failure to 

replace obligate water losses. It occurs in several forms. 

Isotonic dehydration occurs when sodium and water are 

lost together due to causes such as vomiting, diarrhea, 

burns, sweating, hyperglycemia, hypoaldosteronism and 

intrinsic kidney disease. Hypertonic dehydration occurs 

when there is a water loss more than sodium loss, which 

causes an elevation in serum sodium and osmolality. 

Excess pure water loss mainly occurs through the lungs, 

kidneys and skin. Etiologies are fever, DI, and increased 

respiration. Hypotonic dehydration is most often caused 

by diuretics, which cause sodium loss more than water 

loss. Hypotonic dehydration is characterized by low 

osmolality and sodium 
[15]

.  

 

Acute Kidney Injury and Osmolality 

Acute kidney injury (AKI) is a common clinical syndrome 

characterized by a quick decrease in renal function within 

short time with an obvious accumulation of creatinine and 

urea or decrease in urinary output [
16]

. The primary 

pathogenesis of AKI may be renal cell injury due to unstable 

hemodynamics, systemic inflammation or sepsis 
[17]

. AKI is 

frequent in hospitalized patients and especially common in 

critically care ill patients 
[18]

.  

 

An earlier study found that elevated serum osmolality was 

an independent risk factor for developing chronic kidney 

disease 
[19]

. Elevated serum osmolality on intensive care unit 

admission was also associated with an increased risk of 

critically ill patient mortality 
[20]

. Early high serum 

osmolality and low serum osmolality are independently 

associated with an increased risk of development of AKI 

compared to normal serum osmolality in critically ill 

patients 
[21]

.  

 

2. Conclusion 
 

When the serum osmolality is normal or increased, the 

kidneys are conserving water. As the serum osmolality 

increases, the urine osmolality also increase. The higher the 

number of millosmoles in urine, the more concentrated the 

urine; this is the expected physiological response to 

dehydration. In critically ill patients, early high serum 

osmolality and low serum osmolality were both 

independently associated with an increased risk of 

development of AKI. Measuring serum osmolality is useful 

in managing hydroelectrolytic disorders associated with 

sodium. If there is no possibility of measuring serum 

osmolality in the laboratory, formulas can also be used to get 

serum osmolality values.  
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