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Abstract 

Aim: To compare the efficacy and safety of Levosalbutamol versus racemic Salbutamol delivered by metered dose 

inhaler in children with moderate persistent asthma. Materials and Methods: Children enrolled in the study were 

randomized to receive MDI Levosalbutamol 2 puff thrice daily, 50 µgm/puff (group A) or MDI Racemic Salbutamol 2 

puff thrice daily. 100 µgm/puff (group B).Baseline characteristics of both groups were comparable. The FEV1 % and 

PEF % were assessed at baseline, at 15 minutes following the first dose on day 1 and on day 8. In children who remained 

symptomatic on day 8, an additional evaluation on day 15 was performed. Asthma symptom score were calculated from 

symptom score card. Results: There was significant improvement in PEF % and FEV1 % within each group. But there 

was no statistically significant inter-group difference in PEF % change and FEV1 % change except mean change in PEF 

% and ∆PEF % of initial on day 8 (at the end of 1 week). Asthma symptom score improved significantly in both groups 

but there was no inter group difference. Incidence of side effects like decrease in serum potassium level and increase in 

heart rate were comparable in between the two groups. Conclusion: Levosalbutamol administered via MDI improved 

PEF % significantly more in comparison of racemic Salbutamol after regular use of one week. However, no significant 

differences were observed in between the two drugs with respect to pulmonary function test on day 1, FEV1 % on day 8 

and asthma symptom score. The side effect profile of the two drugs was comparable. This suggests that Levosalbutamol 

is at least as efficacious as conventional Salbutamol in terms of clinical efficacy. 
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Introduction  

Inhaled short acting β2 agonists are used as medication 

in management of bronchial asthma. Of these, 

Salbutamol is the most widely prescribed drug .With the 

availability of advanced technology to separate the two 

enantiomers of β2 agonist, the role of S-Salbutamol has 

been challenged recently, fueled in part by 

controversies about the possible deleterious effects of 

β2 agonists as well as the FDA’s mandate to quantify 

the risks of stereoisomeric drugs (S) Salbutamol has 

been found to potentiate airway obstruction and the 

development of airway hyper-responsiveness by 

exerting direct effect on airway smooth muscle.  

Further, recent in vitro studies have shown that (S)  
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enantiomer increases intracellular calcium in airway 

smooth muscle cells which promotes smooth muscle 

contraction and opposes bronchodilation. It has also 

been shown to have some pro inflammatory properties. 

These findings suggest that (S) enantiomer is a non β2 

agonist bronchoconstrictor that is inhibited or masked 

by bronchodilating action of (R) enantiomer [1,2]. 

 

With the availability of Levosalbutamol in pure active 

form, a number of studies have been done comparing 

the efficacy and safety of Levosalbutamol to racemic 

Salbutamol. Compared to adults there are only few 

studies that have been done in pediatric population 

comparing Levosalbutamol and racemic Salbutamol. 

These studies have compared drug delivered in 

nebulizer formulation and there is no data comparing 
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these drugs in metered dose inhaler formulations which 

is convenient, cheap and easy to deliver [3,4].  

Considering the need of longer duration of treatment 

with β2 agonists and frequent use of these drugs in 

children with asthma a study comparing these drugs 

delivered in pressurized metered dose inhaler 

formulation in pediatric patients is mandated. Hence, 

this randomized controlled trial was undertaken in 

children with moderate persistent asthma to assess the 

efficacy and safety of Levosalbutamol in comparison 

with racemic Salbutamol (both delivered by pressurized 

metered dose inhaler) using objective and subjective 

outcome measures [5]. 

Methodology 

This randomized controlled trial was conducted after 

clearance from Institute Ethics Committee. A total of 97 

subjects were enrolled with the written, informed 

consent of parents and consent of children themselves. 

Enrollment was undertaken from the children attending 

Asthma/Allergic Clinic of the Department of pediatrics. 

 

Inclusion Criteria 

1.Children in the age range 6 to 14 years with 

2.Physician diagnosed moderate persistent asthma 

presenting with baseline FEV1 % or PEF% (in case of 

those children unable to perform spirometry) between 

50% and 80% of the predicted for age or personal 

best where available and symptomatic (cough, 

wheezingetc). 

 

Exclusion criteria 

1. Known hypersensitivity to Salbutamol. 
 

2. Significant concurrent disease such as tuberculosis, 

cystic fibrosis, kyphoscoliosis and history of upper 

or lower respiratory tract infection during the 

preceding 4 weeks. 
 

3. Associated congenital heart disease. 
 

4. Received oral or parenteral steroid therapy, 

theophylline or other broncho dilators, leukotriene 

modifier, cromolyn 01 nedocromil sodium within 30 

days prior to presentation. 
 

5. Respiratory distress at presentation 

 

In order to detect an effect size of 10% difference in the 

PEF % or FEV1 % between the two treatment arms, 

with an alpha error of 0.05 and power of 80% the 

smallest number of subjects to be included in this study 

was 88. However, a total of 97 subjects were enrolled. 

Subjects were randomized using computer generated 

random number table and allocated into either of two 

groups using opaque sealed covers - Group A received 

2 puffs of Levosalbutamol (5Oµgm per puff), through 

metered dose inhaler (with spacer), while group B 

received 2 puffs of racemic Salbutamol (100 µg per 

puff) through metered dose inhaler (with spacer). 

 

A detailed history was elicited from each subject with 

special reference to history of symptoms, personal 

history, history of known allergies and family history. 

Each child underwent a thorough physical examination 

including anthropometric measurement, general 

examination and systemic examination. Children and 

parents were given education regarding the condition 

and training for inhalation therapy was reinforced.  

 

Baseline PEF was recorded in all children FFV1 was 

measured in 31 children who could perform spirometry 

as per the recommendations of the American Thoracic 

Society and PEF was measured by Mini Wright's Peak 

Flow Meter and percentage calculated against the 

expected predicted as per Indian norms. 

 

The Asthma Symptom Score was calculated at baseline 

by asking the children/caregiver regarding the following 

specific symptoms during the preceding seven days viz 

history of day time cough, history of nocturnal cough, 

missing of school, wheezing, difficulty in breathing and 

limitation of activity. A score of zero was given for 

absence and one for the presence of each of the items. 

The total Asthma Symptom Score (out of 42) was 

recorded. 

 

At enrollment (Day 1) pre and post FEV1% and PEF% 

of the subject were compared before and after fifteen 

minutes of inhalation of the drug. This was followed by 

advice to continue 2 puffs thrice daily (up to a 

maximum of 8 puffs per day if symptoms persisted) for 

a period of one week. The inhaled corticosteroid 

prescribed was continued in the same dosage and 

frequency. 

 

Children were given asthma symptom score cards to 

mark at home. The symptom diary was reviewed at 

each visit and total score was calculated and recorded. 

Both groups were re-assessed at the end of first week 

(Day 8) and their pulmonary function test (PEF% and 

FEV1%) were recorded. Children who were 

symptomatic on day 8 were required to attend another 

follow up visit for clinical evaluation on day 15. They 

were advised to continue the respective drugs during 

this period. At each visit, history and examination for 

tremor and tachycardia/palpitation were done.  
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Outcome measures- The primary outcome variable 

was the mean FEV1 % or PEF % change (in those 

children unable to perform spirometry) measured on 

Day 8 after starting the intervention. 

 

Secondary outcome variables were FEV1 % and PEF % 

change measured on Day 1 (post bronchodilator) and 

Day 15, ‘Weekly Asthma Symptom Score’
42

, and 

frequency of emergency room visits measured on Day 8 

and Day 15, after starting intervention. Other secondary 

outcome variables recorded were frequency of tremor, 

tachycardia or palpitation and hypokalemia (serum 

potassium <3.5 meq/L) 

Results 

In group A improvement in pulmonary function test was noticed following the medication. Mean PEF % change (n=4S) 

on dayl was 14.61±7.4.This change was significant (p<0.05). Similarly mean PEF% change on day 8 (n = 48) was 

19.71±7.2 (p<0.05). Out of 48 children only 3 required medication regularly for 2 weeks. At end of 2
nd 

week mean 

change in PEF% was 22.15±10.9. 

 

In group B also improvement in pulmonary function test was noted following medication. Mean PEF % change (n=45) 

on dayl was 12.83±7.5. This change was significant (p<0.05). Similarly mean PEF % change on day 8 15.57±7.48 

(p<0.05). Out of 45 children, only 2 required continuation of medication for 2 weeks. On day 15 mean PEF % change 

was 13.58±8.6. In group B 16 children were able to perform spirometry. Mean FEV1% on day 1 following medication 

was 8.67±4.06, while on day 8 change in mean FEV1% was 11.76±6.8 (p<0.05). 

 

Statistical analysis: The mean and standard deviation of FEV1% and PEF% were calculated at baseline, post 

bronchodilator on Dayl and on Day 8 (at the end of first week) and Day 15 (at the end of second week) for each group. 

Independent sample t test was used to compare change in PEF % and FEVondayl, day8 and day 15 of starting 

medication. To evaluate the efficacy of individual drug Paired t test was used. Weekly asthma symptom score was 

compared at baseline, on day 8 and dayl5. Mean serum potassium was compared at baseline and on day8 (at the end of 

first week) of enrollment. The means were compared using Student t test as the distribution was Gaussian. Proportion of 

children manifesting tachycardia and hypokalemia in each group were compared using Chi square test’, p value of <0.05 

was defined as significant. 

 

     Table -1: Baseline pulmonary function tests and asthma symptom score 

Parameters Group A Group B t 

value 

P 

value N Mean SD 95% Cl of 

mean 

n Mean SD 95% Cl of 

mean 

PEF% 48 69.65 7.5 67.4-71.8 45 69.84 7.09 67.7-71.9 0.13 0.90 

FEV1% 15 66.96 6.9 63.0-70.8 16 63.5 8.07 59.2-67.8 1.26 0.215 

ASS 48 16.8 5.6 15.2-18.4 45 17.3 5.4 15.7-18.9 0.433 0.666 

 

     Table-2 Mean PEF% change over baseline in between the two groups  

Parameter Group A (n=48) Group B 

(11=45) 

95% Cl Of 

(he difference) 

t 

value 

P 

value 

Mean SD Mean SD  

Mean PEF Percent 

change on day 1 

14.61 7.41 12.83 7.53 -1.2- 4.8 1.14 0.253 

Mean PEF Percent 

change on day 8 

19.71 7.23 15.57 7.48 1.1-7.17 2.711 0.008 

There was significant improvement in PEF % and FEV1 % within each group. But there was no statistically significant 

inter- group difference in PEF % change and FEV1 % change except mean change in PEF % and ∆PEF % of initial on 

day 8 (at the end of 1 week). 
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     Table-3: Reversibility in Study Groups. 

Parameters Group A Group B p value 

Reversibility 

(change in PEF% >12 % on dayl) 

25(52.1%) 

n=48 

21(46.7%) 

n=45 

0.602 

Reversibility 

(change in FEV1% >12 % on dayl) 

3(20 %) n=15 5(31.3%) n=16 0.474 

 

     Table-4: Mean asthma symptom score change. 

Parameter Group A Group B t 

value 

P 

Value Change in asthma 

symptom score 

N mean SD n mean SD 

48 13.95 4.6 45 12.93 5.6 0.957 0.341 

Asthma symptom score improved significantly in both groups but there was no inter group difference. Incidence of side 

effects like decrease in serum potassium level and increase in heart rate were comparable in between the two groups. 

 

      Table-5: Tachycardia on follow up in two study groups 

Age group Group A Group B 

Normal Tachycardia Normal Tachycardia 

6 - 7 years 12 5 11 5 

8-10 years 15 1 12 1 

11-14 years 13 2 12 4 

Mean heart rate in age subgroup 6-7 years on follow up in group A was 110.5±18.2, while in group B it was 110.8±11.7. 

Mean heart rate in subgroup 8-10 years and 11-14 years in group A on follow up were 99.5±7.9 and 93.7±6.6, while in 

group B these were 101.4 ±8.01 and 100.3±11.1 respectively. Mean heart rate in between the two study groups on follow 

up were comparable (p>0.05).One of the children in group A manifested severe palpitation with heart rate recorded up to 

176/min requiring discontinuation of medication. 

 

     Table-6: Mean serum potassium in between the two groups. 

Parameter Group A(n=48) Group B (n=45) 

Serum K+ On day 8 Mean SD 95% Cl of mean Mean SD 95% Cl of mean 

3.96 0.38 3.85-4.07 3.89 0.37 3.78 -4.00 

Discussion 

Salbutamol is the most widely used β-22 agonist for 

relief of bronchospasm in asthma. The formulation in 

common use is a 50:50 mixture of two mirror image 

enantiomers termed (R) and (S) Salbutamol. It was 

demonstrated in several pharmacological studies 

bronchodilator activity of drag is attributed to (R) 

isomer, while (S) isomer is considered as biologically 

inert. However, role of (S) Salbutamol has been 

challenged as not being only inert filler but also being 

responsible for number of side effects observed with the 

drug[4,5,6]. 

 

 

In the present randomized controlled study efficacy and 

safety of Levosalbutamol and racemic Salbutamol were 

compared in children aged 6-4 years who had moderate 

persistent asthma with symptoms requiring rescue 

medication delivered by pressurized metered dose 

inhaler. A dose of 50µgm of Levosalbutamol was 

compared to 100 µgm of racemic Salbutamol, both 

delivered by pressurized metered dose inhaler. Change 

in the pulmonary function test expressed as percentage 

of initial also showed significant difference between the 

two groups on day 8 of study (p<0.05) These finding 
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suggest that 50 µgm of Levosalbutamol produces 

similar or better bronchodilator response compared to 

100 µgm racemic Salbutamol. Subjects in both the 

groups improved symptomatically with corresponding 

decrease in asthma symptom score on day 8. However, 

no statistically significant difference was noted in 

between the groups (p>0.05). 

 

Nelson et al, conducted a study in adult patients with 

chronic asthma, demonstrated that lower doses of 

Levosalbutamol delivered by nebulizer is equally or 

more efficacious than higher doses of racemic 

Salbutamol. Nelson et al conducted the first major 

multicenter, randomized, double blinded, placebo-

controlled, parallel-group study on adolescent and adult 

patients with moderate to severe persistent asthma. 

They randomized subjects to receive one of the 

following nebulized treatments -0.625 mg of Levosal-

butamol, 1.25 mg of Levosalbutamol, 1.25 mg of 

racemic Salbutamol, 2.5 mg of racemic Salbutamol and 

placebo. Medications were given three times daily for 

28 days. Serial pulmonary function tests were done at 

baseline, 2 and 4 weeks. The mean peak percentage 

change in FEV1 at the baseline but not at 4 weeks was 

significantly greater in the combined Levosalbutamol 

group compared to combined racemic Salbutamol 

group. 

 

This pioneering study has several differences from the 

present study. In the current study children received 

medication for one week but were advised to continue 

for another one week only if symptoms persisted 

beyond day 8. This is thus more consistent with the 

usual asthma management protocol in children. In 

Nelson’s study, effect of chronic dosing of drugs were 

also evaluated by comparing mean pre-dose FEV1, at 

week 4 to baseline for all patients and for a subset of 

patients who did not receive inhaled corticosteroids.  

 

This evaluation was not done in the current study since 

rescue medication for longer period than necessary was 

not used. Nelson's study demonstrated change in heart 

rate after dosing was significantly lower in the 0.63 mg 

Levosalbutamol arm than in the 2.5mg racemic 

Salbutamol arm (p<0.05) suggesting a dose response 

effect. It is therefore notable that the lowest possible 

dosage of the β2 against drugs. However, the dose 

related side effects like nervousness and tremor as 

reported in Nelson study were not seen in the current 

study [7]. 

 

Lotvallet al and Handley et al also studied separately 

the efficacy and safety profile of Levosalbutamol 

compared to racemic Salbutamol in adults. No  walk et 

al in a study on adults with acute asthma concluded that 

Levosalbutamol administered in nebulizer formulation 

produced comparable effects to the higher doses of 

Racemic salbutamol. A few other studies in adults, such 

as one done by Lotvall et al, demonstrated a dose 

related improvement in pulmonary function test with 

Levosalbutamol.  

 

Lotvall et al has concluded that side effects depend on 

(R) Salbutamol only, consistent with the finding in the 

current study. Nowak et al in a randomized, double 

blinded, multicentre study on adults showed Levosal-

butamol accelerates improvement in FEV1 compared to 

racemic Salbutamol. But this study included adults with 

acute asthma compared to the current study which has 

been done in children with moderate persistent asthma 

[8,9,10]. 

 

Milgrom et al, in a randomized, double blinded, 

multicentre, parallel group study conducted on 338 

children in age range of 4-11 years showed that 

Levosalbutamol was clinically comparable to 4-8 fold 

higher doses of racemic Salbutamol when delivered by 

a nebulizer. Side effects observed with Levosalbutamol 

were comparable or less than that observed with 

racemic Salbutamol. Milgrom et al showed that more 

patients experienced a decrease in serum potassium in 

racemic Salbutamol 2.5 mg group (25%) as compared 

to 0.31 & 0-63 mg of Levosalbutamol groups. In the 

present study, of the 48 children in 50 pgm Levosal-

butamol group 4.1 % experienced hypokalemia, while 

in racemic Salbutamol 100 pgm (n=45) this figure was 

8.8 %. The difference noted in the increase of heart rate 

in between the two study groups in the current study 

which is consistent with the finding in Milgrom’s study 

[11]. 

 

Maiti et al and Gawchik et al concluded that 

Levosalbutamol causes a significantly greater increase 

in pulmonary function test results than placebo and 

FEV; values were comparable or better than that 

observed with racemate. Gawchik et alhas compared 4 

doses (0 16 mg, 0.31 mg, 0.63 and 1.25mg) of racemic 

Salbutamol with placebo in 33 children with chronic 

stable asthma in a randomized, double blinded single 

dose, crossover study.Although this study demonstrated 

lower doses of Levosalbutamol to be as efficacious as 

higher doses of racemic Salbutamol, it is a single dose 

study where subjects were administered single dose of 

drug on 4 treatment visits each separated by 2 to 8 days 

interval. The current study did not conducted 

observations to explore the effect of chronic dosing of 

drugs. Also, number of subjects in this study is small 

compared to the current study [12,13]. 
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Jantikar et al conducted a recent study comparing these 

two drug formulations delivered by metered dose 

inhaler in a group of adult patients and concluded that a 

single dose of Levosalbutamol produces equivalent time 

dependent bronchodilator response over 6 hours as 

compared to racemic Salbutamol at half the dose. The 

primary outcome variable in this study was the mean 

difference in area under the curve for percent change in 

FEV1 and FVC from baseline to 6 hours. However, this 

study has compared the effect of single doses of drugs 

in a very small number of subjects.  

 

They evaluated safety profile of the MDI formulations 

of the two drugs and demonstrated that both produce 

significant decrease in serum potassium and increase in 

heart rate 1 hour after the stud) drug administration. 

They concluded that systemic side effects of Salbutamol 

reside with (R) enantiomer. This is again similar to 

what we found in the current study. This study 

demonstrated that bronchodilator effect and systemic 

side effects of Salbutamol reside with (R) enantiomer 

[14]. 

 

Ameredes BT et al in an experimental study has shown 

that (S) Salbutamol enhances granulocyte macrophage 

colony stimulating factor production. This cytokine 

leads to increased proliferation of smooth muscle cells 

as well as proliferation and migration of inflammatory 

cells. This finding might explain the pro inflammatory 

cytokine environment seen in asthmatic airway (S) 

Salbutamol may further contribute to airway obstruction 

by increasing pulmonary vascular endothelial and 

epithelial permeability, based on the observed in vivo 

effect of (S) Salbutamol in animal model of pulmonary 

inflammation[15]. 

 

There were no details of treatment related serious 

adverse effects. In this study it was observed that both 

Levo and racemic Salbutamol led to decrease in serum 

potassium level from baseline value over the study 

period and number of subjects who developed 

hypokalemia in former group was 2, while in latter it 

was 4. However, this decrement in mean serum 

potassium level and incidence of hypokalemia was not 

statistically significant (p>0.05) between the two 

groups. 

 

The observations and results in our study are in 

agreement with limited number of previous studies 

which have shown that pure R isomer in the absence of 

(S) Salbutamol, results in efficacy that is clinically 

comparable to higher doses of the racemate. However, 

this randomized controlled trial conducted on children 

with moderate persistent asthma is a unique kind for 

pediatric population as there was no previous study 

comparing Levosalbutamol and racemic Salbutamol 

delivered in pressurized metered dose formulations in 

pediatric patients when this research was initiated. The 

study done has explored many positive aspects in terms 

of appropriate study design, precisely defined 

enrollment criteria, strict follow up, minimal dropouts, 

excellent drug compliance and adequate power for 

primary variables. In the current study both subjective 

and objective variables were taken for evaluation. 

However, in the present study pharmacokinetic analysis 

of drugs were not undertaken due to technical 

limitations and the study was not blinded. 

Conclusion  

The results show that both the drugs were efficacious in 

ameliorating symptoms attributable to asthma and led to 

significant improvement in lung function test. This was 

observed both on day 1 following first dose as well as 

on day 8 of therapy. A significant proportion of patients 

in each group responded to medications (improvement 

in pulmonary function test of > 12%) on day of 

enrollment, 52.1% in Levosalbutamol group and 46.7% 

in racemic Salbutamol group respectively.  

 

Though the mean PEF % change and FEV1 % change in 

Levosal-butamol group was more compared to racemic 

Salbutamol group on day 1 and day 8 both, statistically 

significant difference was observed only in mean PEF 

% change on day 8 of therapy.  

 

The side effect profile of the two drugs was comparable 

and 110 major adverse effects were noted in most of the 

subjects. This suggests that Levosalbutamol is at least 

as efficacious as conventional Salbutamol in terms of 

clinical efficacy.  

 

It will be worthwhile to advance this study further by a 

dose ranging of Levosalbutamol, to find the smallest 

efficacious dose. It may also be useful to assess patient 

preference for either drug by incorporating additional 

measurement such as quality of life score. 
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What This Study Add to Existing Knowledge? This 

randomized controlled trial conducted on children with 

moderate persistent asthma is a unique kind for 

pediatric population as there was no previous study 

comparing Levosalbutamol and racemic Salbutamol 

delivered in pressurized metered dose formulations in 

pediatric patients when this research was initiated. 
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