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may have the potential to plug.[1-4] The current role 
of leukotriene-modifiers (e.g., montelukast) in the 
management of asthma is limited to their use in chronic 
cases.[5,6] In recent times, there has been some interest in 
probing their role in acute asthma – the results ranging for 
favorable to outright negative.[1,7,8] Thromboxane A2 has 
role in bronchoconstriction; and the use of thromboxane 
A2 synthase inhibitors (e.g., ozagrel) in chronic asthma 

INTRODUCTION

The need for effective medication, in addition to 
bronchodilators and corticosteroids, in the management 
of acute asthma, continues to kindle research on 
other categories of drugs. The delayed onset of action 
of corticosteroids; and their inability to inhibit the 
leukotriene- and thromboxane-induced inflammation 
leaves a lacuna in the armamentarium of acute 
asthma management that some of these newer drugs 
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have shown varied results in different population 
groups – Asians showing favorable results. Studies on their 
use in acute asthma hardly exist. Hence, our endeavor in 
this study was to address the issues of any usefulness of 
montelukast and ozagrel in acute asthma.[9]

Aims and objective
This study aims to study and compare the effects of oral 
montelukast with oral ozagrel in acute asthma.

MATERIALS AND METHODS

This randomized, prospective, placebo-controlled, 
double-blinded, single-center, comparative study was 
initiated after obtaining permission from the Institutional 
Ethics Committee. The study was conducted in the 
Department of Respiratory Medicine of a tertiary care 
teaching hospital attached to a medical college. Patients 
presenting to outpatient unit or emergency triage from 
October 2014 to March 2016 with a primary diagnosis of 
acute exacerbation of asthma requiring hospitalization, 
were included in the study after taking written informed 
consent in the language understandable to them. The 
inclusion criteria were age between 18 and 65, previously 
diagnosed case of bronchial asthma, a primary diagnosis 
of acute exacerbation of asthma on presentation, peak 
expiratory flow rate (PEFR) less than or equal to 75% of 
personal best within the last 12 months or of predicted 
value, no other acute pathology complicating the present 
condition such as cardiac, metabolic, or other respiratory 
causes. The exclusion criteria were smoking history more 
than 10 pack years, pregnant or breastfeeding females, 
patient on regular leukotriene receptor antagonists or 
thromboxane A2 synthase inhibitors within 2 weeks 
of presentation, intake of oral or parenteral steroids 
for >5 days within 1 month of presentation, intake 
of theophylline within 1 week of presentation, need 
of intubation before presentation, patients on regular 
Rifampicin, Phenytoin, or Phenobarbitone, history of 
allergy to montelukast or ozagrel, baseline renal function 
test, and liver function test derangement.

History was noted, findings of physical examination were 
recorded, and laboratory investigations were noted. Forty 
subjects were included in each arm of the study as we 
anticipated a minimum difference of 40 L/min in PEFR 
with a standard deviation of 100 L/min for 80% power 
at 95% confidence level. Baseline PEFR was measured 
for all enrolled patients using Mini Wright’s PEF meter. 
The patients were randomized into three groups after 
5 min of measuring the baseline PEFR. Patients in all 
the three groups received standard treatment for asthma 
exacerbation, i.e., nebulized salbutamol 2.5 mg 6th hourly, 
nebulized ipratropium bromide 500 mcg 6th hourly, and 
intravenous methyl prednisolone 40 mg 8th hourly. The 
investigational drugs required for the study were kept 
in 3 different packets, labeled as 1 (oral montelukast 
10 mg tablet), 2 (oral ozagrel 200 mg tablet), and 3 (placebo) 

before enrolling the first patient into the study. Patients 
randomized to Group 1 in addition to standard treatment 
received a tablet from packet “1” at enrollment and a 
placebo tablet after 12 h. Patients randomized to Group 2 
received tablets from packet “2” − one tablet at enrollment 
and one tablet after 12 h. Patients randomized to Group 3 
received placebo tablets from packet “3” – one at enrollment 
and one after 12 h. The investigational medications were 
continued till the patient got discharged from the hospital 
or developed any adverse effects to these drugs. Rescue 
medication (nebulized salbutamol) was given when 
indicated. Additional oxygen and methylxanthines were 
given when required.

PEFR values, rescue medication details, and vitals (pulse 
rate, blood pressure, respiratory rate, and SpO2 by pulse 
oximetry) were recorded at 6 h, 12 h, 24 h, and 48 h 
of drug or placebo administration and at discharge. 
These parameters were recorded on the morning after 
admission (8 a.m. – 10 a.m.) as well.

The primary end-point was the mean PEFR at each 
measured time point following treatment. Secondary 
end-point was the need for rescue medications.

Statistical analysis
The measured mean PEFR in treatment groups at different 
time point after starting treatment was analyzed by 
repeated measures analysis of variance (ANOVA) (with 
baseline PEFR set as covariate). The mean PEFR measured 
at morning after admission between 8 a.m. and 10 a.m. was 
analyzed by univariate ANOVA (with baseline PEFR as 
covariate). The need for rescue medication was analyzed 
by Kruskal–Wallis test. The need for methylxanthine and 
oxygen was analyzed by Chi-square test. The number 
of hospital stay was analyzed with Mann–Whitney test 
adjusted for Type 1 error for pairwise comparison and 
expressed as median and interquartile ranges. Analysis 
was performed using SPSS 22.0 (IBM Co., Armonk, NY, 
USA), and the means and percentages were expressed in 
graphs and tables.

RESULTS

A total 142 patients with acute exacerbation symptoms 
of asthma were screened, out of which 22 were excluded. 
Forty patients each were randomized to placebo, 
montelukast, and ozagrel groups. There were no dropouts 
in the study. All patients completed the study [Figure 1]. 
Baseline characteristics of each study group are shown in 
the Table 1.

Primary outcome measures
The mean PEFR for the three study arms were calculated 
from admission to discharge using repeated measures 
ANOVA with baseline PEFR as covariate. The measured 
values are shown in the Table 2 and Figure 2. The 
differences in mean PEFR between the treatment groups 
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were not statistically significant (P = 0.102). The difference 
in mean PEFR of montelukast was not statistically 

significant when compared to ozagrel (P = 0.37) and 
placebo group (P = 0.51) at discharge, with baseline PEFR 
set as covariate. The difference in mean PEFR of ozagrel 
was not statistically significant when compared with 
placebo (P = 1.0) at discharge, with baseline PEFR set 
as covariate. The mean PEFR for the three study arms at 
morning after admission (8–10 a.m.) was analyzed using 
univariate ANOVA with baseline PEFR set as covariate. 
The difference in PEFR at morning after admission was 
not statistically significant (P = 0.266) [Table 3].

Secondary outcome measures
The need for rescue medications was analyzed by 
Kruskal–Wallis test. Three patients required rescue 
medications in montelukast group - two patients receiving 
rescue medication once each, and the other received 
rescue medications twice. In ozagrel group, five patients 
received rescue medications: one patient received it four 
times; two patients received three times each, one patient 
twice and another one once. In placebo group, five patients 
received rescue medication: two patients received it twice 
and three patients received once [Table 4]. The difference 
in the frequency of rescue medication use in three groups 
was not statistically significant (P = 0.67).

Need for methylxanthines and oxygen
Twenty-five patients out of 120 patients had received 
methylxanthines during study for relieving symptoms. 
Five patients required oxygen supplementation for 
maintaining oxygen saturation. Distribution of these 
in different groups is summarized in Table 5. The 
difference in the requirement for methylxanthines, 
and oxygen in different groups was not statistically 
significant (P = 0.518).

Number of days of hospital stay and condition at discharge
There were no specified criteria for discharge of the 
patients. The duration of hospital stay (in days) was 
expressed as median (interquartile range): placebo 

142 patients with acute eaxcerbation symtoms of asthma were screened

120 patients met inclusion criteria and consent was given

40 patients were 
randomized into 

montelukast group

• 40 patients were 
analyzed

• N = 40

40 patients were 
randomized into ozagrel 

group

• 40 patients were 
analyzed

• N = 40

40 patients were 
randomized into placebo 

group

• 40 patients were 
analyzed

• N = 40

Figure 1: Consort diagram of the study
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Figure 2: Mean peak expiratory flow rate at different points of time 
after starting treatment (baseline peak expiratory flow rate (214.58 L/
min) set as covariate)Table 1: Baseline patient characteristics

Patient characteristic Placebo Montelukast Ozagrel
Total	number	of	patients	(n) 40 40 40
Age	(years),	mean±SD 46.98±13.63 44.02±14.40 50.16±13.50
Male:female 17:23 22:18 13:27
BMI	(kg/m2),	mean±SD 23.77±5.50 22.78±4.64 21.35±4.61
Severity	of	exacerbation,	n	(%)
Mild	or	moderate 24	(60) 28	(70) 22	(55)
Severe 16	(40) 12	(30) 18	(45)

Asthma	history	(years),	
mean±SD

5.37±5.22 7.45±7.24 10.77±11.02

Patients	with	concomitant	
allergic	rhinosinusitis,	n	(%)

9 13 11

Smokers,	n	(%) 2	(5) 3	(7.5) 3	(7.5)
Comorbidities,	n	(%)
Hypertension 3	(7.5) 6	(15) 7	(17.5)
Diabetes	mellitus 2	(5) 4	(10) 0	(0)
Coronary	artery	disease 1	(2.5) 0	(0) 0	(0)

Treatment	received	before	
enrollment,	n	(%)
Inhaled	corticosteroids	plus	
bronchodilators

16	(40) 20	(50) 26	(65)

Only	inhaled	bronchodilators 6	(15) 7	(17.5) 0	(0)
Not	on	any	treatment 18	(45) 13	(32.5) 14	(35)

Baseline	PEFR	(L/min),	
mean±SD

211.50±86.72 247.25±78.5 185±73.20

Predicted	PEFR	(L/min),	
mean±SD

409.90±91.70 440.30±84.7 387±79.04

BMI: Body mass index, SD: Standard deviation, PEFR: Peak expiratory 
flow rate

Table 2: Mean peak expiratory flow rate at different 
points of time after starting treatment. (baseline peak 
expiratory flow rate [214.58 L/min] set as covariate)
Time after treatment Mean PEFR±SD (L/min)

Placebo Montelukast Ozagrel
6	h 235.19±3.18 242.86±3.26 228.18±3.25
12	h 254.37±5.23 265.62±5.38 242.99±5.36
24	h 267.46±7.41 291.39±7.61 268.14±7.58
48	h 277.99±7.35 303.22±7.56 285.27±7.53
Discharge 301.94±7.07 317.32±7.27 298.99±7.23

SD: Standard deviation, PEFR: Peak expiratory flow rate
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5.5 (4–7), montelukast 5 (4–6.75), and ozagrel 7 (6–8). 
The difference in number of days of hospital stay 
between the three groups was significant (P < 0.001). 
The difference between montelukast and ozagrel group 
showed statistical significance (P < 0.001). However, there 
was no statistical significance between montelukast and 
placebo group (P = 0.232). The difference in number of 
days of hospital stay between ozagrel and placebo was 
statistically significant (P = 0.002). All patients improved 
symptomatically at discharge. All patients showed either 
improvement or no change in vital signs compared 
to admission, except seven patients. However, all the 
seven patients were discharged based on symptomatic 
improvement.

Adverse events
Imminent respiratory arrest and need for intubation and 
mechanical ventilation were not reported in any of the 
study arm. No deaths were reported in any of the three 
study arms. There were no reported serious adverse effects 
of drugs during the study.

DISCUSSION

Montelukast or ozagrel when added to the standard treatment 
of acute asthma does not result in any additional beneficial 
effect: Our data show that a study, done by Ramsay et al., in 
the United Kingdom demonstrated a significant improvement 
in PEFR in patients with acute asthma when they were 
given montelukast in addition to standard treatment.[1] In 
a randomized, placebo-controlled study, done in acute 
asthma setting, better forced expiratory volume in 1 s (FEV1) 

values were obtained after giving oral montelukast than after 
placebo. Moreover, intravenous formulation of montelukast 
performed even better.[10] Significant improvement in FEV1 in 
acute asthma, after administering intravenous montelukast, 
has been reported by various other studies as well.[11-14] Zhang 
et al. in a systematic review and meta-analysis found that 
montelukast administration led to significant improvement in 
peak expiratory flow percent in acute asthma (P = 0.008) and, 
in addition, there was reduction in systemic corticosteroid 
requirement (P = 0.005).[15] Very few studies from India have 
assessed the role of leukotriene modifiers in acute asthma. 
One such randomized, placebo-controlled, three-arm study 
from a tertiary care teaching hospital in Karnataka has 
reported that addition of zileuton to the standard treatment 
of acute asthma was associated with significant improvement 
in PEFR compared to placebo. Montelukast, however, failed 
to demonstrate such an effect. The montelukast arm had 
lowest baseline values of PEFR at the start of this study 
and, hence, this could have affected the results pertaining 
to this arm of the study. It is noteworthy that montelukast 
and zileuton both significantly reduced the need for rescue 
medication.[7] Similar effect of montelukast on requirement 
of inhaled short-acting beta-agonist has been reported in a 
three‑arm study − oral montelukast plus intravenous steroid, 
intravenous steroid alone and placebo – which, in addition, 
noted a trend toward better improvement in PEFR in the 
montelukast arm, though not statistically significant.[16] 
However, in the present study, montelukast arm did not show 
any significant effect on PEFR. Although the requirement for 
rescue medication was the lowest in the montelukast arm, 
it did not reach statistical significance. Similar results were 
obtained by Zubairi et al. in a randomized, double-blind, 
placebo-controlled study in which the investigators evaluated 
the efficacy of oral montelukast in hospitalized patients with 
acute asthma. In this study from the Indian subcontinent, 
100 patients were randomized into montelukast and placebo 
group, and the standard treatment for acute asthma was given 
to all the patients in both groups. The investigators found no 
statistically significant difference in PEFR over the course 
of stay in the hospital (P = 0.20 at day 2 and P = 0.47 at 
day 3) and at discharge (P = 0.15) when compared to placebo 
group.[8] Ferreira et al. have reported in a study, done on 
twenty patients from Portugal, that there was no significant 
differences between montelukast and placebo, so far as 
the improvement in PEFR and length of stay in emergency 
room was considered. However, montelukast group did have 
lesser need for aminophylline or steroids (P = 0.03). In our 
study, the need for additional methylxanthines, even though 
lesser in the montelukast group, failed to show any statistical 
significance (P = 0.518).[17,18] Even the utility of intravenous 
montelukast − which has offered some promise as shown 
by the studies mentioned above − is mired in this maze of 
conflicting results; and this is highlighted by a study done on 
asthmatic children in the United States. In this study, it was 
observed than intravenous montelukast was not better that 
placebo in terms of improvement in symptoms, FEV1 values, 
or clinical course during hospitalization.[18] Thus, the question 
mark on the utility of montelukast in acute asthma persists 
in view of these contradictory results thrown up by various 

Table 3: Mean peak expiratory flow rate at morning after 
admission between 8 a.m. and 10 a.m. (baseline peak 
expiratory flow rate [214.58 L/min] set as covariate)
Time after treatment Mean PEFR±SD P

Placebo Montelukast Ozagrel
8	am	to	10	am	on	the	
morning	after	admission

257.60±5.52 264.23±5.98 249.94±5.96 0.266

SD: Standard deviation, PEFR: Peak expiratory flow rate

Table 4: Need for rescue medication in each group
Number of times rescue 
medications used

Placebo (n) Montelukast (n) Ozagrel (n)

None 35 37 35
1 3 2 1
2 2 1 1
3 0 0 2
4 0 0 1
Total	usage	of	rescue	medication 7 4 13

Table 5: Need for methylxanthines and supplemental 
oxygen in study population
Additional medications Placebo, 

n (%)
Montelukast, 

n (%)
Ozagrel, 

n (%)
Methylxanthines 10	(25) 6	(15) 9	(22.5)
Oxygen 5	(12.5) 0 0
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studies. Whether these contrasting results are a reflection of 
the differences in study populations, study designs or drug 
characteristics itself needs to be looked into. At present, oral 
leukotriene modifiers are not recommended for use in acute 
asthma, but to ascertain the role of intravenous formulations 
of montelukast, in such a clinical setting, more research is 
needed.[5]

Thromboxane A2, metabolite of arachidonic acid along the 
cyclooxygenase pathway, causes acute bronchoconstriction 
in response to allergen exposure among asthma patients; 
and the drugs that inhibit its production, i.e., thromboxane 
A2 synthetase inhibitors (e.g., ozagrel), have demonstrated 
beneficial effects, such as reduction in bronchial 
hyperresponsiveness, in Asian population.[19,20] Studies 
from Japan have reported that thromboxane modulators may 
have role as an add-on therapy to inhaled corticosteroids 
in the event of poor response to corticosteroids, in the 
setting of chronic asthma.[4,9] However, to the best of our 
knowledge, this group of drugs does not appear to have 
been tested in acute asthma setting. In our study, ozagrel 
did not demonstrate any benefit over and above the 
standard treatment of acute asthma. On the contrary, there 
was trend toward increased need for the rescue medication 
in ozagrel arm, though it was not statistically significant. 
Notwithstanding these results, the search for more 
therapeutic options for the management of acute asthma 
must continue as this clinical situation is associated with 
a high morbidity.

The limitation of the present study was the use of 
PEFR and not FEV1 as indicator of airflow obstruction. 
FEV1 is a better indicator and has been used in various 
similar studies. Assessment of subjective measures of 
clinical improvement such as the BORG dyspnea score 
could have improved the study design. The absence 
of well laid out criteria for discharge of patients 
may have affected the results so far as the duration 
of hospital stay is concerned. Moreover, our study 
was only a single-center study in a geographically 
localized population in south India.

CONCLUSION

Montelukast or ozagrel when added to the standard 
treatment of acute asthma does not result in any additional 
beneficial effect: improvement in lung functions, decrease 
in requirement of rescue medication, or decrease in the 
need for methylxanthine and oxygen.
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