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ABSTRACT 

 
Background and objectives: Asthma is a very common disease with immense social impact. 
Nebulised salbutamol is the mainstay of therapy in acute severe asthma. This prospective 
study was done to determine the magnitude of changes in serum magnesium, potassium, 
phosphate and calcium during the treatment of acute severe asthma with nebulised 
salbutamol alone in a larger sample size, as previous studies were carried on a smaller sample 

size and yielded ambiguous results. Subjects and Methods: Sixty patients who met the 
inclusion criteria were included and their baseline electrolyte levels were measured. 
Nebulised salbutamol was administered every thirty minutes till the symptoms subsided and 

repeat serum levels of electrolytes were determined after 90 minutes. Results: Serum 
magnesium levels decreased significantly (p < 0.001) from 2.058 ± 0.0263 mg/dl to 2.048 ± 
0.0268 mg/dl. Serum potassium levels decreased from 4.053 ± 0.0485 mEq/L to 3.983 ± 
0.0482 mEq/L (p < 0.001). Serum phosphate levels decreased significantly (p < 0.001) from 
3.899 ± 0.0299 mg/dl to 3.872 ± 0.0296 mg/dl, but no statistical difference was seen in the 

Serum calcium levels. Interpretation and Conclusion: Nebulised salbutamol therapy is 
associated with statistically significant decreases in serum magnesium, potassium and 
phosphate levels. 
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INTRODUCTION 
Bronchial asthma is one of the most common 

diseases globally and it currently affects ~ 300 

million people. Asthma is a very common 

disease with immense social impact, with a 

prevalence of ~10-12% in adults and 15% in 

children. It is known to occur at all ages, with a 

slight male preponderance [1]. 

 

Asthma is defined as a chronic inflammatory 

disease of the airways, that is characterised by 

increased responsiveness of the tracheobronchial 

tree, leading to the narrowing of the air 

passages, which may be relieved spontaneously 

or as a result of therapy and clinically by 

paroxysms of dyspnoea, cough and wheezing. It 

is an episodic disease with acute exacerbations 

which are interspersed with symptom free 

periods. Typically, most attacks are short lived, 

lasting minutes to hours and clinically, the 

patient seems to recover completely after an 

attack. However, there can be a phase in which 

the patient experiences some degree of airway 

obstruction daily. This phase can be mild or 
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serious, with severe obstruction persisting for 

days or weeks; the latter condition is known as 

acute severe asthma. Acute episodes of asthma 

are one of the most common respiratory 

emergencies [2].  

 

Drug therapy is the most commonly used mode 

of treatment for asthma.  The drugs which are 

used to treat asthma are β–adrenergic agonists, 

methyl xanthines, glucocorticoids and mast cell 

stabilizing agents.  

 

β – Adrenergic agonists have been the primary 

focus of the emergency management of acute 

severe asthma for over 50 years [3]. Multiple 

inhalations of short acting sympathomimetic 

drugs such as salbutamol, are the cornerstone of 

most regimens [2].   The administration of 

nebulised salbutamol during the emergency 

treatment of acute severe asthma was shown to 

be associated with a significant decrease in 

serum magnesium, potassium and phosphate 

levels [4],[5]. 

Literature search revealed few groups that have 

studied the changes in electrolyte levels during 

nebulised salbutamol therapy. Previous studies 

were conducted on a very small sample size and 

yielded ambiguous results. 

This study intended to measure and evaluate the 

changes in serum magnesium and other 

electrolyte levels on the administration of 

nebulised salbutamol in 60 patients of acute 

severe asthma. 

 

METHODS 
This study included 60 clinically diagnosed 

cases of acute severe asthma who got  admitted 

to the  emergency  department of a teaching 

hospital, who fulfilled the inclusion criteria and 

who gave consent to  participate in the study.  

The study spanned over a period of 15 months 

from August 2008 to October 2009. 

 

Clinically diagnosed patients of acute severe 

asthma who were treated with nebulised 

salbutamol were included in the study. All 

patients with chronic liver diseases, chronic 

renal failure and acute myocardial infarction 

were excluded. Patients who were aged less than 

16 years, those with metabolic disorders, 

pregnant women and psychiatric patients were 

also excluded from this study group. 

 

Blood samples were drawn under aseptic 

precautions from clinically diagnosed cases of 

acute severe asthma before and after the 

administration of nebulised salbutamol. Both the 

blood samples were analysed for the study 

parameters. 

 

After getting the written consent, 3ml of venous 

blood sample was drawn in a disposable syringe 

before the start of nebulised salbutamol therapy. 

Precaution was taken to prevent sepsis and 

haemolysis.  The sample was then transferred to 

a mineral free acid washed glass test tube and 

was allowed to stand for 20-30 minutes, after 

which it was centrifuged to separate serum. 

Nebulised salbutamol (2.5mg) was administered 

every 30 minutes until the patient was 

discharged from the emergency department. 

Each dose was administered over a period of 10 

minutes. Apart from inhaled oxygen 

supplementation, no other drug was 

administered during the course of the treatment.  

A repeat blood sample was drawn 90 minutes 

after starting nebulised salbutamol therapy, as 

the peak serum concentration of salbutamol is 

reached at 90 minutes [6].
 
 The repeat samples 

were processed similarly to separate serum.  

 

The serum levels of magnesium, calcium, 

potassium and phosphate were measured in both 

the sets of the serum samples. 

 

Serum magnesium levels were assayed by Mann 

and Yoe’s Xylidyl blue method, which is an in 

vitro colourimetric method for the quantitative 

determination of magnesium in serum [7]. 

Serum Calcium levels were measured by the 

modified O- Cresolpthalein Complexone method 

[8]. Serum phosphorus levels were estimated by 

the ammonium molybdate method, based on the 

modified Daly and Ertingshausen’s method [9]. 

Serum potassium was measured by an 

electrolyte analyser that measures ionic 

potassium by a K
+
 ion selective electrode.                  

 

The levels of the four electrolytes (Magnesium, 

Calcium, Phosphate, and Potassium) were 
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estimated twice, before and after the 

administration of nebulised salbutamol to the 

same study group.  The study group consisted of 

60 clinically diagnosed cases of acute severe 

asthma.  The results were tabulated and analysed 

by using the “Paired ‘t’ test” for any statistically 

significant changes in the electrolyte levels 

before and after the treatment. 

 

RESULTS 
Among the 60 subjects who were a part of the 

study, 36 (60%) were men and 24 (40%) were 

women. 24 of the 60 patients were   aged   less 

than 30 years, while 30 patients were between 

the age group of 31 to 50 years and 6 were aged 

more than 50 years. [Table/Fig 1] 

 
[Table/Fig 1]: Age – Sex Distribution of Study 

Group 

 
 

The changes in serum magnesium, potassium, 

phosphate, and calcium levels before and 90 

minutes after nebulised salbutamol therapy were 

measured and tabulated. [Table/Fig 2] 

 
[Table/Fig 2]: Changes in Serum Electrolyte 

Levels 

 
Serum concentrations are depicted as Mean± Standard 

Error 

 

The baseline magnesium level  before the 

administration of salbutamol in patients of acute 

severe asthma  was 2.058 ± 0.026 mg/dl (Mean 

± Standard error) and  it decreased significantly 

(p < 0.001) 90 minutes after the administration 

of salbutamol, to 2.048 ± 0.027 mg/dl. 

 

The serum potassium level which was measured 

before the administration of salbutamol was 

4.053 ± 0.048 mmol/L, which    decreased after 

treatment with salbutamol to 3.983 ± 0.048 

mmol/L. This decrease was found to be 

statistically significant (p < 0.001) on applying 

the paired t test to find the level of significance.  

 

The baseline serum phosphate level which was 

measured at admission was 3.899 ± 0.030 mg/dl, 

which decreased to 3.872 ± 0.029 mg/dl after the 

administration of β–adrenergic agonists. This 

decrease was statistically significant (p < 0.001). 

 

The serum calcium level which was measured 

before the administration of the β–adrenergic 

agonist, salbutamol (base line calcium levels) 

was 9.532 ± 0.051 mg/dl and it decreased after 

the administration of salbutamol to 9.532 ± 

0.050 mg/dl. This decrease was statistically not 

significant (p > 0.10). 

 

DISCUSSION 
The patients of acute severe asthma were treated 

with nebulised salbutamol alone and serum 

electrolytes were measured before and after 90 

minutes of therapy to determine the magnitude 

of change in the serum concentrations.  

 

Serum magnesium, potassium, and phosphate 

levels decreased significantly after the initiation 

of nebulised salbutamol therapy, as compared to 

the baseline levels or the electrolyte levels 

before the initiation of nebulised salbutamol 

therapy. Serum calcium levels did not show any 

significant changes during the course of the 

study. 

 

The cause of hypomagnesaemia due to the β2–

adrenergic agonists is still unclear, which can 

probably   be explained by the epinephrine like 

action of the β2–adrenergic agonists on 

magnesium uptake by the adipocytes. 

Hypomagnesaemia is associated with tremor, 

low potassium and ventricular ectopic activity. 

Interestingly, these adverse effects are seen in 

therapeutic or excessive doses of salbutamol. 

Therefore, hypomagnesaemia can be considered 

as a common denominator to help explain these 

effects of β2–adrenergic agonists [10].  

 

Hypomagnesaemia may increase the 

neuromuscular irritability, thus making a few 

individuals more susceptible to the bronchial 

spasms. It is noteworthy that hypomagnesaemia 

which causes bronchoconstriction is a side effect 
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of salbutamol, which is a potent bronchodilator. 

However, this bronchoconstriction might be of a 

very small magnitude. 

 

A statistically significant decrease (p<0.001)  in 

serum magnesium levels was observed in our 

study after the treatment with nebulised 

salbutamol, when compared with the baseline 

levels.  A serial and statistically significant 

decrease (p<0.001) was also observed by 

Bodenhamer in his study, with an aggressive 

administration of nebulised salbutamol [4]. 

Khilnani also reported a decrease in serum 

magnesium levels with the use of the β2–

adrenergic agonists [10]. However, a few studies 

have reported that no statistically significant 

change of serum magnesium levels was 

observed in patients who were treated with 

nebulised salbutamol [11]. 

 

In our study, serum potassium levels were found 

to decrease significantly after the treatment with 

nebulised salbutamol (p<0.001).  A statistically 

significant decrease in serum potassium levels 

was also observed after salbutamol therapy in 

other studies [4], [10], [12], [13] and also in a 

study on patients of the paediatric age group 

[14]. Nevertheless, a study pointed out that only 

intravenous salbutamol led to a decrease in 

serum potassium levels, while nebulised 

salbutamol did not result in significant changes 

[15]. 

 

Hypokalaemia is known to occur in therapeutic 

and excessive doses of β2– agonists. This effect 

is attributed to the activation of the Na+-K+-

ATPase enzyme and β2 receptor mediated insulin 

release, with a consequent intracellular shift of 

potassium [12]. 

 

The serum phosphate levels were found to 

decrease significantly in our study (p<0.001) 

after treatment with nebulised salbutamol and a 

similar observation was made by Bodenhamer in 

his study [4]. 

 

Serum calcium levels did not show any 

statistically significant changes during the 

salbutamol therapy in our study. 

 

The limitation of this study was that 

randomisation and placebo control were not 

done, as they were not practically feasible in our 

setup. If the study had taken into account, the 

history of the asthma medications that the 

patients took before therapy, the results could 

have been attributed more directly to salbutamol 

therapy.  

 

Our study results indicated that serum 

electrolytes like magnesium potassium and 

phosphate decreased significantly in patients 

with acute severe asthma who were on treatment 

with nebulised salbutamol. The decrease in 

electrolyte levels was only statistically 

significant and the levels did not decrease below 

the decision limits. The mechanism and clinical 

significance of these findings are unclear and 

they warrant further studies.   

 

It is recommended that further studies must be 

carried out on a larger sample size and also, the 

clinical findings should be correlated with the 

dose dependent variation in electrolyte levels 

during salbutamol therapy.  
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