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Abstract  

Asthma is a heterogeneous disease which is also one of the major health problems in the world. 
Uncontrolled asthma symptoms will exacerbate asthma, which is the biggest cause of the patient into 
the ER. Salbutamol is a bronchodilator that belonged to the short-acting beta-2 agonist (SABA), which 
is an obligatory choice in the management of asthma exacerbations. Unlike the aminophylline group in 
Indonesia which is still often used widely and rarely appear in the side effects of its use. The main 
objective of this study was to evaluate the cost-effectiveness of nebulized salbutamol versus 
intravenous aminophylline for reduction in asthma symptoms, improvement in lung function, and a 
long hospital stay. The study involved 57 adults asthma exacerbation patients without complication 
who received treatment in the ER, were studied by using quasi-experimental methods in this study 
cost-effectiveness analysis to compare intravenous aminophylline (n:27) versus nebulized salbutamol 
(n:30) therapy to determine the most cost-effective. Intravenous aminophylline therapy was more 
cost-effective than nebulized salbutamol in reducing the symptoms of asthma and PEF value 
improvement. Clinical outcome of the length of hospital stay outcome both had the same effective, and 
cost analysis results showed intravenous aminophylline (US$5.38) cheaper than nebulized salbutamol 
(US$5.71). intravenous aminophylline was more effective in reducing asthma symptoms than 
nebulized salbutamol (Pvalue=0.001). Meanwhile, the average decrease in lung function intravenous 
aminophylline than nebulized salbutamol, although not significantly different (Pvalue=0.507). 
Aminophylline therapy was more cost-effective in reducing asthma symptoms and improvement in 
lung function compared nebulized salbutamol in exacerbations asthma patients. But cost-effectiveness 
researchers need to measure substance abuse outcomes in terms of Quality-Adjusted Life Years 
(QALY), as this will make their findings more relevant to the development of treatment policy. 
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1 Introduction 

Asthma is a heterogeneous disease that 
can attack from all ages and economic factors, is 
one of the major health problems in the world 
[1], Asthma is a chronic inflammatory disorder 
of the airways, with many cells and cellular 
elements play a role [1,2]. Worsening asthma 
symptoms exacerbate asthma acute or sub-
acute symptoms and lung function of asthmatic 
patient status conditions are usually [1]. 
Salbutamol and aminophylline (theophylline) 
are used for the treatment of exacerbations 
asthma [1], including in Indonesia [3,4]. 
Although salbutamol is the first line of 
exacerbations asthma [1], previous studies have 
concluded there is no difference in effectiveness 
between both of them. A study of randomized 
controlled trials (RCTs) was identified by 
Travers et al. [5], not found evidence consistent 
benefit on intravenous beta-2 agonist or 
intravenous aminophylline for asthma 
exacerbations (asthma attacks) [1]. While 
research by Roberts et al. said there was no 
difference in the effectiveness of salbutamol and 
aminophylline the first 2 hours, but 
aminophylline significantly reduces the length 
of hospital stay [6]. Small doses of theophylline 
are known not only can relax airway smooth 
muscle but also to have anti-inflammatory and 
immunomodulatory effects, which is the basic 
theory for the treatment of asthma [7,8]. In 
Indonesia, the use of aminophylline is still 
frequently used in the primary therapy of 

asthma exacerbations in the hospital because it 
is effective and rarely cause ADR events even 
when taken in conjunction with other asthma 
treatment [9,10,11,12]. Even when safety 
aminophylline compared with salbutamol 
showed no significant difference between the 
incidence of hypokalemia and hyponatremia 
[13]. Although the overseas use of 
theophylline/aminophylline has been 
abandoned because it is a drug with a narrow 
therapeutic range so that a risk of causing ADR 
[14]. Evidence regarding ADR events of 
theophylline and aminophylline had a lot of 
revealed [8,13,15,16,17], so its use abroad has 
been abandoned. 

Differences in effects of aminophylline and 
salbutamol can be due to different individual 
characteristics, genetic factors are the main 
factors that cause a different response to asthma 
therapy [18,19,20], and drug response can be 
determined by the relationship between 
genotype [21,22,23,24]. Indonesian people, 
especially the Javanese most have gene 
polymorphism CYP1A2*1F [25]. A genotype at 
CYP1A2*1F allele are a fast metabolizer, 
compared with genotype C which is a slower 
metabolism. Therefore, CYP1A2*1F gene 
polymorphism (A/A) has a metabolism faster 
than C/C or C/A, thus causing more lower drug 
levels [26].  

Exacerbations of asthma should receive 
attention is important because the high risk of 
causing suffering to patients and their families 

https://doi.org/10.25026/jtpc.v8i1.435
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as well as increased spending on the health 
system substantially [27]. The social and 
economic problems of asthma exacerbations are 
associated with direct costs (direct costs) of 
health care use and indirect costs (indirect 
costs) related to lost productivity [27,28]. 
Therefore, studies of cost-effectiveness analysis 
(CEA) to assess the direct costs (direct cost) 
required (input) and the resulting clinical 
outcome (output), by comparing the difference 
in cost (incremental costs) and the different 
effects (incremental effects) [29,30,31]. In 2003, 
a study of 401 adult asthma patients showed an 
annual total cost of illness per person (total per-
person annual disease costs) by an average of 
$4,912. The direct costs by 65% and indirect 
costs (indirect costs) of approximately 35% of 
the total costs used in the treatment [32]. In 
Indonesia, the research conducted by Lorensia 
et al. [33], Involved patients in this study were 
54 Patients, with the total number of problems 
were 259 cases. The cost of drug-related 
problems was US$1,983.29. This study 
demonstrates that effective and rational 
treatment can influence treatment costs. 
Therefore, research is needed to consider the 
selection of drugs in terms of the cost needed in 
terms of treatment and effectiveness of the drug 
as a therapeutic outcome. 

 
2 Methods  

2.1 Research Design.  

The research design was quasi-
experimental, so it does not randomize. Each 
hospital just to get treatment for asthma 
exacerbations same in all subjects, namely 
asthma therapy with nebulized salbutamol 
therapy or intravenous aminophylline. 

2.2 Population and Sample.  

The population was all patients with 
exacerbations of asthma in a hospital in 
Surabaya. Samples research (research subjects) 
are all patients with asthma exacerbations in all 
hospitals in Surabaya who meet the inclusion 
and exclusion criteria of the study. The inclusion 
criteria are research subjects: (i) Patients aged 
adults (18 years); (ii) Patients are willing to 
become a subject of research; (iii) The level of 
mild-moderate asthma exacerbations, because 
at that level should not be added corticosteroid 

or other asthma therapies, and patients with 
severe exacerbations of asthma at a rate of up to 
life-threatening need additional therapy such as 
anticholinergics and corticosteroids [1], that 
could affect the study results. Exclusion criteria 
research subjects are: (i) Patients who use 
contraception; (ii) The pregnant patient-
lactating; (iii) Patients with chronic renal 
function impairment; (iv) Patients with chronic 
liver disease; (v) Patient smoked or quit 
smoking <2 years; (vi) coffee consumption; and 
(vii) Patients admitted to getting asthma 
exacerbation therapy before coming to the 
emergency room because another 
therapy/other asthma therapies can affect the 
outcome of the research is a clinical outcome 
and ADRs. 

Sampling on the subject of the research is 
consecutive sampling because it is not obtained 
to frame the subject, so do capture subjects that 
meet the inclusion and exclusion criteria, who 
came to the hospital during a certain period. In 
this study, the great unknown population 
because the population is experiencing an 
exacerbation of asthma in a hospital in 
Surabaya, so it is assumed the general 
population is not known, based on the formula 
of Medical Statistics calculating a subject with 
proportions a subject with [34], then most 
minimal research subjects each group in this 
study was 26 people. 

2.3 Therapeutic intervention.  

Subjects were divided into two groups: the 
test group (intravenous aminophylline group) 
and the control group (nebulized salbutamol 
group). In the intravenous aminophylline group, 
patients received intravenous aminophylline 
therapy, slowly with a slow bolus of 6 mg/kg for 
20 minutes, followed by infusion (0.9% NaCl) at 
5 mcg/kg/hr. Theophylline 1 mg is equivalent to 
1:25 mg aminophylline [34,35,36], and the 
nebulized salbutamol group, patients received 
nebulized salbutamol therapy 2×5 mg or 2 mL 
of 0.5% (+2 mL saline) [37,38].  

2.4 Outcome.  

The outcome used in this study was a 
reduction in symptoms, lung function 
improvement (with measurement PEF), and 
length of hospital stay.  



Cost-Effectiveness of Length of Stay of Intravenous Aminophylline and Nebulized Salbutamol in Asthma Exacerbations 

 

 

J. Trop. Pharm. Chem. 2024. Vol 8. No. 1.   

p-ISSN: 2087-7099; e-ISSN: 2407-6090 

38 

2.5 Cost.  

The costs taken into account in the study 
came from the perspective of the hospital, which 
was composed of direct costs, such as the cost of 
medicine, medical measures, the services of 
medical personnel, and equipment costs related 
to asthma therapy. Indirect costs and the 
intangible cost was not counted in this study 
because it uses a research perspective hospital 
to be observed during the treatment of asthma 
patients to get treatment at the hospital. 

2.6 Data analysis.  

The method of the CEA (Cost-Effectiveness 
Analysis) will be calculated: 

2.6.1 Cost analysis.  

Determine the ratio between the cost of the 
treatment given to the subject of research. Costs 
were observed originating from the hospital 
perspective, namely direct costs include nurse 
service costs, the cost of physician services, the 
cost of medical equipment, as well as the cost of 
drugs. 

2.6.2 ACER (Average Cost-Effectiveness Ratio).  

ACER is the ratio of the cost-
effectiveness/benefit (effectiveness) of the 
treatment given to the subject of research. 

The data on the characteristics of the two 
groups will be tested for homogeneity with chi-
square test and if the P value> 0.05 means that 

the data was no difference between the two 
groups. Outcomes in the form of number of 
asthma symptoms (breathness, wheezing, chest 
tightness, and cough) and improvement in lung 
function based on peak expiratory flow value 
(L/Second), were tested on data collection 
before and after the intervention. Both groups 
were tested differently by chi-square test and if 
H0 was rejected when p<0.05 and if there 
wasn't a difference between the two groups. 

 
3 Results and Discussion 

3.1 Characteristics of Research Subjects.  

The study involved 27 subjects of research 
on intravenous aminophylline groups and 30 in 
the nebulized salbutamol group, with a more 
descriptive can be seen in Table 1. 
Comorbidities/co-morbidities (comorbidities) 
was a disease that accompanies asthma 
(exacerbations of asthma), such as 
hypertension, type 2 diabetes mellitus, etc. 
Morbidities associated with worsening health, 
clinical management more complex, and 
increased health care costs [39,40,41]. 
Comorbidities experienced by research subjects 
in the nebulized salbutamol group as gastritis 
can affect the ADR parameter that causes 
nausea, vomiting, but in this study, the patients 
do not experience nausea and vomiting (Table 
1). 

 
 
 
Table 1. Frequency Distribution Baseline Subject Research Aminophylline Intravenous and Nebulized Salbutamol Group 

Characters Baseline Intravenous Aminophylline 
 Group (n=27) 

Nebulized Salbutamol  
Group (n=30) 

Homogeneity 

Gender Female 14 (50.85%) 19 (63.33%) 0.176 
Male 13 (48.15%) 11 (36.67%) 

Age (years) Late adolescence (17-25) 5 (18.52%) 7 (23.33%) 0.075 
Early adult (26-35) 5 (18.52%) 5 (16.67%) 
Late adult (36-45) 7 (25.93%) 5 (16.67%) 
Ederly early  (46-55) 8 (29.63%) 6 (20.00%) 
Ederly late (56-65) 2 (7.41%) 6 (20.00%) 
>65  0 (0.00%) 1 (3.33%) 
Average 40.11 40.83 

Accompanying 
diseases 

dyslipidemia, type 2 diabetes mellitus 0 (0.00%) 1 (3.33%) 0.000 
dyslipidemia, hyperuricemia 0 (0.00%) 1 (3.33%) 
type 2 diabetes mellitus, gastritis 0 (0.00%) 1 (3.33%) 
gastritis 0 (0.00%) 1 (3.33%) 
none 27 (100.00%) 26 (86.67%) 

Employment household assistant 10 (37.04%) 10 (33.33%) 0.854 
entrepreneur 9 (33.33%) 10 (33.33%) 
employee 4 (14.81%) 5 (16.67%) 
student 4 (14.81%) 4 (13.33%) 
does not work 0 (0.00%) 1 (3.33%) 

If the P value> 0.05 means that data is no difference between the two groups 
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3.2 Outcome: Decrease in asthma symptoms.  

In Table 2, each of the symptoms 
experienced by each subject of study was 
accumulated and assessed a reduced number of 
symptoms. Then test with Kolmogorov-Smirnov 
normality, and continued test of independent 
sample t-test (ratio scale) when the parametric 
data. No differences in the initial conditions 
before the patient gets treatment between the 
two groups, but the groups of intravenous 
aminophylline were more effective in reducing 
asthma symptoms experienced by patients 
(most patients decreased 4 symptoms (55.56%) 
compared to the nebulized salbutamol group. 
Symptoms normally generated during 
exacerbation shortness of breath, the sound 

when breathing (wheezing), a sense of pressure 
in the chest. These symptoms occur reversibly 
and recurrent episodic [1]. Symptoms of 
shortness of symptom of asthma were the most 
common. At symptoms of shortness, the initial 
conditions showed no difference between the 
two groups and after the therapy showed 
improvement of symptoms significantly and 
there is a significant difference after therapy 
which shows that the group of aminophylline 
intravenously produces an improvement of 
symptoms greater than with nebulized 
salbutamol group. All patients who complained 
of shortness and tightness disappear before 
therapy by administration of the intervention in 
both groups (Table 2). 

 
 
 
Table 2. Number of Asthma Symptoms (Breathness, Wheezing, Chest Tightness, and Cough) 

Time data 
collection 

Total 
Symptom 

Intravenous Aminophylline 
 Group (n=27) 

Nebulized Salbutamol  
Group (n=30) 

Total 
P value* 

0 1 3 (11.11%) 2 (0.00%) 5 0.570 
2 4 (14.81%) 6 (20.00%) 10 
3 5 (18.52%) 11 (36.67%) 16 
4 15 (55.56%) 11 (36.67%) 26 

Average  3.18  3.03  3.10  
1 0 27 (100.00%) 16 (53.33%) 43 0.002 

1 0 (0.00%) 6 (20.00%) 6 
2 0 (0.00%) 3 (10.00%) 3 
3 0 (0.00%) 3 (10.00%) 3 
4 0 (0.00%) 2 (6.67%) 2 

Average   0.00  0.97  0.51  
1-0 +1 0 (0.00%) 1 (3.33%) 1 0.001 

0 0 (0.00%) 2 (6.67%) 2 
-1 3 (11.11%) 6 (20.00%) 9 
-2 4 (14.81%) 10 (33.33%) 14 
-3 5 (18.52%) 7 (23.33%) 12 
-4 15 (55.56%) 4 (13.33%) 19 

Average 1-0  -3.19  -2.07  -2.60  

Changes in the value 0 to 1 
There is a difference between 0 and 
1 

There is a difference between 0 and 
1 

  

Total symptom= breathness+wheezing+chet thightness+cough (each symptom rated: 1) 
0  = time before the beginning of therapy of asthma exacerbations  
1  = time after the initial therapy of asthma exacerbations  
1-0  = change / difference after prior therapy with an asthma exacerbation. The "+" means an increase in symptoms of 0 to 1; 
the sign "-" means to decrease the symptoms of  0 to 1 
* if H0 is rejected when p <0.05. Meaning: There isn’t a difference between the two groups 

 
 
 

In Table 2, there was a difference between 
the initial conditions of the two groups before 
therapy in wheezing symptoms, but no 
difference in complaints of wheezing after 
receiving treatment between the two groups 
and wheezing conditions largely reduced in the 
two groups. At symptom distress in the chest 
and coughing, no differences in initial 

conditions before the patient gets treatment 
between the two groups, but the groups of 
intravenous aminophylline more effectively 
relieve pressure in the chest and coughing 
compared nebulized salbutamol group [42]. 
Symptoms of spontaneous cough were a reflex 
of the body for their foreign objects to clog or 
irritate the respiratory tract. Coughing is also 
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one of the symptoms that appear in asthma 
exacerbations [43,44], due to 
bronchoconstriction and inflammation causes 
blockage of the airways. 

Intravenous aminophylline more effective 
than nebulized salbutamol in addressing the 
symptoms of shortness, a sense of pressure in 
the chest, and coughing in the first hour (Table 
2). Another study by Travers et al. [5], a 
randomized controlled trial (RCT) using the 
Cochrane Airways Group Register, comparing 
intravenous aminophylline and beta-2 agonist 
administered intravenously in asthma 
exacerbations was hospitalized. In the RCT, is 
not found evidence consistent benefit both 
intravenous beta-2 agonist or aminophylline 
intravenously to patients with acute asthma. It 
supports research by Munro dan Jacobs [45], of 
71 multiple small research trials that compared 

the effectiveness of intravenous aminophylline 
and intravenous salbutamol, found that 
intravenous salbutamol no better than 
aminophylline in reducing air obstruction in 
patients with asthma. 

3.3 Outcome: Improvement in lung function.  

Comparison of the repair value of PEF 
between the two groups using the test 
independent sample t-test (ratio scale), which 
had previously been tested for normality with 
the Kolmogorov-Smirnov with a p-value of 
0.001 (intravenous aminophylline) and 0.001 
(nebulized salbutamol), which means continued 
with test non-parametric. And after 
administration of asthma therapy, there was no 
difference in improvement PEF values between 
the two group therapy (Table 3). 

 
 
 
Table 3. Lung Function Improvements Based on Peak Expiratory Flow Value (L/Second) 

Time data collection Intravenous Aminophylline 
Group (n=27) 

Nebulized Salbutamol 
Group (n=30) 

P value* 

0 Average 49.07 24.33 0.233 
SD  82 73 

1 Average 76.48 34.17 0.190 
SD   125 112 

1-0 Average 1.44 1.23 0.507 
SD  50 62 

Changes in the value 0 to 1 
0,3463 0.6873  
There is a difference between 0 to 1 There is a difference between 0 to 1  

PEF = Peak Ezpiratory Flow 
0  = time before the beginning of therapy of asthma exacerbations  
1  = time after the initial therapy of asthma exacerbations  
1-0  = change/ difference after prior therapy with an asthma exacerbation. The "+" means an increase in symptoms of 0 to 1; 
the sign "-" means to decrease the symptoms of  0 to 1 
* if H0 is rejected when p <0.05. Meaning: There isn’t a difference between the two groups 

 
 
 

Peak Expiratory Flow (PEF) values 
predicted peak expiratory rate, a measure of air 
velocity that can be exhaled lung fastest, after 
taking a deep breath is expressed in liters per 
second (L/s). Peak flow meter use rate the PEF. 
Peak current flow in a patient may indicate 
changes before a patient experienced an 
exacerbation [46,47]. Previous studies using 
PEF value as an asthma therapy clinical outcome 
had been done by Tattersfield et al. [48], 
Burkhart et al. [49], dan Turner et al. [50]. 

In Table 3, there was no difference in 
improvement PEF values between the two 
group therapy.  Other studies that have been 
done by Littenberg [51], that comparisons 
between aminophylline therapy with other 

therapies such as salbutamol, epinephrine, or 
any other bronchodilators, it was found that 
there was no difference between aminophylline 
with the control group. Sensitivity analysis of 
suspect aminophylline therapy is not effective 
on its own and more effective when combined 
with beta-2 agonists. Although studies have 
been conducted widely, the available research 
does not provide sufficient evidence to support 
or reject the use of aminophylline in the 
treatment of acute severe asthma. Other 
previous research comparing the two drugs in 
the treatment of exacerbations of asthma are 
not yet available, and the reference supporters 
some studies compared the two drugs in the 
class or similar, on the condition of chronic 
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asthma (asthma is stable). As was done by 
Hartnett dan Marlin [52], comparing 
theophylline tablets with salbutamol MDI in 
patients with chronic asthma, salbutamol 
therapy concluded that further enhance the 
value of FEV1 after 180 minutes compared to 
theophylline. However, theophylline showed a 
longer duration of action and resulted in an 
increase in FEV1 significantly after 360 minutes, 
and concluded there was no significant 
difference to the total effect of the two drugs 
after 360 minutes. Another study in the form of 
s conducted by Davies et al. [53], in adult 
patients with chronic asthma, showed that 
during the two weeks of treatment, patients 
receiving salmeterol improve morning PEF 
value higher than theophylline. The previous 
study that looked at a combination of both 
compared to single therapy has also been 
performed by Dawson dan Fergusson [54], in 
asthma patients aged children, concluded that 
the combination therapy salbutamol and 
theophylline better in enhancing the value of 
PEF compared single theophylline. In contrast 
to the results of Nakano et al. [55], which 
compared aminophylline and nebulized 
salbutamol, it is known that treatment with 
aminophylline had the same benefits as 
nebulized salbutamol therapy in the recovery of 
lung function. 

Measurement of lung function in this study 
assesses PEF (peak expiratory flow) with a peak 
flow meter with the same type and brand. The 
condition of patients who are experiencing an 
asthma exacerbation also affect the ability of the 
subject of current research to blow a peak flow 
meter for such a device would be affected the 
amount of air inhaled (inspired) and the amount 
of exhaled air (expiration), while at patients 
with exacerbations of asthma patients with 
impaired limitations in expiratory1. In addition, 
other factors that may affect PEF 
measurements, such as body weight and 
socioeconomic status [56,57]. 

Measurement of the best value the patient 
is not the parameter best value assessment of 
pulmonary function, because the best value 
patient should be derived from the value at the 
time the patient is not experiencing 
exacerbations of asthma, and the value is used 
as a benchmark to determine the variability of 
asthma control the patient with a reference 
when the value of PEF less than 80% of the value 

best patient then the patient is at risk for 
exacerbations of asthma or exacerbations [1]. 
The PEF value in the study came from the 
highest value of the peak flow meter blown 
subject of study which is the best value of the 
three measurements in the time before getting 
treatment and the best value of 3 times the 
measurement at the time after therapy. Then 
assessing the effectiveness of therapies derived 
from the improvement, the further the 
difference then showed a better improvement. 
One of the parameters of asthma exacerbations 
effectiveness of therapy is long hospitalization, 
assuming a more optimal therapy will require 
further treatment and requires a longer 
treatment. All the study subjects treated for one 
day and nothing requiring further treatment or 
even hospitalization. 

A similar study was not found, but one 
previous study in asthma patients aged children 
by Roberts et al. [6], comparing intravenous 
aminophylline with intravenous salbutamol 
with the method of the randomized double-
blind study, in 40 patients with children who 
have severe asthma exacerbations. This study 
suggests that the child severe asthma, there was 
no significant difference in the effectiveness of 
salbutamol with an IV bolus of aminophylline in 
the treatment of the first 2 hours, even on the 
whole, the infusion of aminophylline is superior 
because it reduces the length of stay in hospital 
significantly. 

Some patients received adjunctive therapy 
in the form of oxygen, the unit amount of oxygen 
administered in the hospital is unknown and the 
cost of providing oxygen in the ER of US$ 1.39 
based policies in the hospital where the study, 
in which oxygen therapy is given to patients 
with asthma exacerbations if saturation oxygen 
patients between 90-95% [1].  

3.4 Costing.  

Data in this study takes into account the 
cost of direct medical costs than patients 
without seeing non-medical costs, as it uses the 
perspective of the hospital. All three hospitals 
had great pricing standards that vary, therefore, 
be a limitation of the study that should 
determine the standard costs used for three 
different hospitals are. Selection of standard 
charge was not based on Standard Data 
research costs are not using System Indonesian 
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Case Base Groups (INA-CABGs) when 
appropriate PERMENKES or regulation of health 
minister No. 27 (2014) in the implementation of 
Health Insurance in the Social Security System 
in the Social Security Agency) 2014 according to 
the letter of the Director of Health Services BPJS 
No. 3889/III.2/0514 and Circular Letter No. 
Menkes KF/Menkes/167/III/2014 [58], 
because at the INA-CBGs use package systems 
based illnesses suffered by patients fare better 
medical services and non-medical data so that 
the costing based on the handling of the 

diagnosis, which resulted in all therapies have 
similar costs (Table 4).  

In Table 4, e-catalog data only includes 
infusion rates of 500 ml 0.9% NaCl, while used 
in the study was 0.9% Infusion of NaCl 25 ml and 
100 ml are not listed in e-catalogs are reviewed 
in January 2015 and is not listed also in DPHO-
XXXII edition of 2013. the infusion of NaCl was 
used in the study is the product of PT.Otsuka 
Indonesia, was based on a hospital policy 
research site and e-catalogs that use the same 
PT. Otsuka Indonesia as a provider of goods. 

 
 
 
Table 4.  Determination of the Costs that are used in Research Per Patient 

Groups Direct Cost Reference 
Intravenous 
Aminophylline 
Group 

Drugs Aminophylline injection of 24 mg / ml 10 ml e-catalog 2014 
Infusion of NaCl 100 ml (Otsu-NS) Not based on the e-catalog of 2014 because it is 

not listed in the e-catalog dosage form 100 ml 
Services of 
medical 
personnel 

Physician services  PERMENKES RI NO 59 (2014) [59] 
Nurses Services * 
Pharmaceutical care* 
Medical treatment* *) 

medical 
devices 

10 mL syringe injection e-catalog 2014 
adult Infuset e-catalog 2014 
Alcohol swab (before the injection is done as 
an antiseptic) 

*) 

Nebulized  
Salbutamol 
Group 

Drugs Ventolin (Salbutamol fluid  0.1%) Packaging: 
Dus, 4x5 Plastic Bottle @ 2.5 ml 

e-catalog 2014 

0.9% saline solution for nebules @ 25 ml 
(Otsu-NS) 

Not based on the e-catalog of 2014 because it is 
not listed in the e-catalog dosage form 100 ml 

Oxigen *) 
Services of 
medical 
personnel 

Physician services  PERMENKES RI NO 59 (2014) [59] 
Services nurses  
Pharmaceutical care 

medical 
devices 

Micromise nebulizer *) 
Alcohol swab *) 

* No details of the volume per patient / per use. Data based on the price at hospital 

 
 
 
Table 5. Cost  Analysis of Intravenous Aminophylline and Nebulized Salbutamol 

Cost (US$) Intravenous Aminophylline 
Group (n=27) 

Nebulized Salbutamol 
Group (n=30) 

Drugs 2.45 0.97 
Medical treatment 0.50 2.32 
Physician & nurse services  2.42 2.42 
Hospitalization costs 0.00 0.00 
TOTAL 5.38 5.71 

Independent t-test P = 0.001 
H0 as p <0.05. Meaning: the cost components, no significant differences between 
nebulized salbutamol group and intravenous aminophylline group 
Conclusion: 
Costs that were used in intravenous aminophylline group was significantly greater than 
in nebulized salbutamol group 

 
 
 

Average cost was used in the intravenous 
aminophylline group and nebulized salbutamol 
group in Table 5, showed that there are 
significant differences between the two groups, 
where the group of nebulized salbutamol 

greater costs compared with intravenous 
aminophylline (Table 5). 
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3.5 Cost-Effectiveness Analysis.  

Selection of outcome in asthma 
exacerbations based on parameters 
improvement of Global Initiative for Asthma [1], 
and similar previous research in the form of 

pharmacoeconomics research to treat 
exacerbations of asthma that has been done by 
Vezina et al. [60], Lorensia and Bahari [61], 
Domínguez-Ortega et al. [62], and Andrew et al. 

[63]. 

 
 
 
Table 6.  Cost-Effectivenes Analysis of Intravenous Aminophylline and Nebulized Salbutamol 

Description Calculation CEA 
Intravenous Aminophylline 
 Group (n=27) 

Nebulized Salbutamol  
Group (n=30) 

Cost (US$)  5.38 5.71 
Clinical Outcome:  
Decrease in asthma symptoms 

Average1-0 3.19 2.07 
ACER  24,352.66 39,827.05 

Clinical Outcome:  
Improvement in lung function 

Peak Expiratory Flow (L/second) 1-0 1.44 1.23 
ACER  53,947.92 67,026.02 

1-0 = change/difference after prior therapy with an asthma exacerbation. The "+" means an increase in symptoms of 1-0; the 
sign "-" means to decrease the symptoms of 1-0 

 
 
 

Table 6, showed that testosterone 
treatment exacerbations of asthma with 
intravenous aminophylline more cost-effective 
in reducing the symptoms of asthma compared 
to nebulized salbutamol and in the 
improvement of the value of peak expiratory 
flow compared to nebulized salbutamol. Long 
hospitalization was not observed for all study 
subjects hospitalized for 1 hour and no one gets 
an extension duration of therapy. 

Based on tests of homogeneity of the 
characteristics of the study subjects was known 
that the characteristic morbidities have 
significant differences. Table 1 showed the 
gender distribution between the two different 
groups. At the age of children, the prevalence of 
asthma in boys and girls. Whereas in adulthood, 
the prevalence of women was more likely to 
suffer from severe asthma and the onset of 
asthma is lower than that of men. This was due 
to an increase in ovarian hormones and 
testosterone which decrease the airway in 
asthma. Changes in asthma symptoms during 
the life phase of an adult woman, including 
pregnancy and menopause, during sex. 
hormones change dramatically [1,64]. 

3.6 Research limitations 

3.6.1 Research design.  

The research design used in this study was 
quasi-experimental, where the selection of 
subjects intervention group was not 
randomized (random), in contrast to the 
experimental true. 

3.6.2 Hospitals.  

Hospital type different affects the severity 
of the patients who come for treatment. Due to 
a tiered system of treatment, the hospital is at 
the top level (tertiary care facilities) have 
patients who are relatively more complications 
and more severe illness severity compared to 
lower health facilities. 

3.6.3 Different routes of drug administration.  

On the implementation of interventions for 
intravenous aminophylline, some of the study 
subjects had difficulty mounting the infusion. 
This is likely due to an asthma attack increased 
inflammatory mediators, one of the most 
influential is the increase in adrenalin and 
histamine that cause vasoconstriction in the 
pulmonary circulation and vasoconstriction of 
the systemic blood vessels [65,66]. 
Vasoconstriction of the blood vessels and the 
anxiety level of patients likely to cause 
difficulties in intravenous injection, whereas 
patients require immediate attention so that 
there is some potential research subjects who 
participated in the study were canceled due to 
difficulties in the initial injection. The time 
needed to find a vein in performing the injection 
also affects the length of the subject of research 
at the hospital. 

While in the treatment of exacerbations of 
asthma with nebulized salbutamol, treatment 
preparation easier because the use of nebulized 
without invasive action. Beta-2 agonist 
(salbutamol) relaxes smooth muscle of the 
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airways and inhibits microvascular leakage and 
improves mucociliary transport by cilia activity 
or influencing the composition of mucus 
secretion. Agonists stimulate adenylate cyclase 
and increase the formation of cAMP in airway 
tissues. Bronchodilation caused by cAMP. The 
level of intracellular cAMP can be enhanced with 
adrenoceptor agonist, which increases the rate 
of synthesis by adenylate cyclase (AC); or by 
phosphodiesterase (PDE) inhibitor such as 
theophylline, which slows the rate of 
degradation. Bronchoconstriction can be 
inhibited by a muscarinic antagonist and 
possibly by an adenosine antagonist [67]. 

3.6.4 Sampling methods.  

This study using consecutive sampling, 
because not found a subject framework, where 
previously unknown patients with asthma 
exacerbations so that researchers should be on 
stand-by waiting in each hospital. The weakness 
of this method is that there are several potential 
research subjects who missed the subject of 
research, which may be because sometimes 
researchers can not/ do not immediately come 
to a place of research, so that prospective 
research subjects can not be involved in 
research. 

3.6.5 PEF measurement.  

The research subjects never see and use a 
peak flow meter, and no demonstration of 
recurring due to the condition of patients who 
require immediate treatment (before therapy), 
whereas at the time of measurement before 
getting therapy is the first measurement time 
for all of the study subjects. Also other factors 
that could affect the measurement of PEF 
include gender, height and weight, and 
socioeconomic status [56,57]. 

 
4 Conclusions 

Intravenous aminophylline therapy was 
more cost-effective than nebulized salbutamol 
in reducing the symptoms of asthma and PEF 
value improvement. In this study, the 
characteristics of the respondents in the form of 
gender (p=0.176), age (p=0.075), and 
employment (p=0.854) showed no difference 
between the two groups. Meanwhile, 
comorbidities (P=0.000) indicated that there 
were differences between the two groups and 
could affect the results of the study. Clinical 

outcome of the length of hospital stay outcome 
both had the same effective, and cost analysis 
results showed intravenous aminophylline (US$ 
5.38) cheaper than nebulized salbutamol (US$ 
5.71). intravenous aminophylline was more 
effective in reducing asthma symptoms than 
nebulized salbutamol (Pvalue=0.001). 
Meanwhile, the average decrease in lung 
function intravenous aminophylline (1.44) than 
nebulized salbutamol (1.23), although not 
significantly different (Pvalue=0.507). 
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