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Rationale, aims, and objectives
Pharmacological treatment for bronchiolitis is primarily supportive because bronchodilators, steroids, and antibiotics, show little benefit. Clinical studies have suggested that nebulized 3% HS is useful for infants with bronchiolitis. The aim of this study was to evaluate the cost-effectiveness of the HS nebulized in infant bronchiolitis in a middle-income tropical country 
Methods 
A decision tree model was used to estimate the cost-effectiveness of the use of nebulized hypertonic saline (3-7%) compared with treatment without hypertonic saline nebulization (control) in bronchiolitis. Cost data were obtained from a retrospective study on bronchiolitis from tertiary centers in Rionegro, Colombia, while utilities were collected from the literature. The analysis was carried out from a societal perspective.
Results
The control strategy was dominated by HS nebulized group. The expected costs per patient were US$ 200 (CI 95% US$ 178- 222) in the HS nebulized group and US$ 240 (CI 95% US$ 213- 267) in controls. The expected utilities were 0.923 (CI 95% 0.922- 0.924) in the HS nebulized group and 0.91 (CI 95% 0.918- 0.920) in controls. Sensitivity analyses of parameters in the model showed that the cost-effectiveness of HS was only sensitive to the probability of hospitalization.
Conclusion 
The strategy treatment without hypertonic saline nebulization was dominated by the strategy with HS nebulized in infants with bronchiolitis. Our study provides evidence that should be used by decision-makers to improve clinical practice guidelines and should be replicated to validate their results in other tropical countries.
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Introduction
Bronchiolitis is the most common cause of hospitalization of infants in developed and developing countries (1). The mortality in children hospitalized for bronchiolitis ranges from 0.2% to 7% (1, 2). Morbidity and mortality mostly occur in children younger than 6 months with underlying disease (2) . This condition is a challenge frequently for physicians, as most cases are not responsive to pharmacological treatment. At present, the pharmacological treatment for this disease is primarily supportive because bronchodilators, steroids, and antibiotics, show little benefi (3).
The 3% hypertonic solution absorbs water from the submucosa and reduces the edema increasing the mucociliary function (4) . A recent metanalysis show that infants treated with 3% HS had shorter durations of hospitalization compared with those treated with normal saline (WMD=-0.43; 95% CI=-0.70, -0.15) (5). Also Zhang et al in other meta-analysis showed a 16% reduction in the risk of hospitalization among patients treated with HS compared to normal saline nebulization (risk ratio [RR]: 0.84, 95% confidence interval [CI]: 0.71-0.98, P = 0.03) (6) .  
Bronchiolitis causes an important burden of disease in all countries with high medical costs; many of them destined to tests or unnecessary medications (7-9). In our recent study, diagnostic tests and treatments with a low level of evidence accounted for 25% of the mean annual cost per patient (10). The need for studies that evaluate the cost-effectiveness of medical tests and medications, is critical, to optimize the use of resources in bronchiolitis. This is essential for making informed decisions on resource allocation, especially in tropical countries where these resources are always scarce.  In this sense, respect to HS, a recent study in Finland shows that the HS nebulized was cost-effective in the outpatient treatment of infant bronchiolitis (11) . However, there are limitations in transferring the results of economic evaluations from one country to another, especially when it comes to developed countries, given the differences in costs of health technologies, coverage policies, and willingness to pay. In this study, we evaluate the cost-effectiveness of the HS nebulized in infant bronchiolitis compared with no nebulization of HS. 






Methods
Design
We evaluated the cost-effectiveness of the HS (3–7%) nebulization for infant bronchiolitis compared with normal saline nebulization or treatment without nebulization as controls. The effectiveness outcome was the quality- adjusted life years (QALYs). The analysis was carried out from a societal perspective (included direct and indirect costs). The analytic horizon was acute episode of bronchiolitis.  Given the short time horizon, no type of discount to costs or results was applied. The study protocol was reviewed and approved by the Institutional Review Board of Clinica Somer (No 281015) and the University of Antioquia (No 18/2015).
Decision Analytic Model  
[bookmark: _Hlk37924126]A decision tree model was used to estimate the cost -effectiveness of the use of nebulized hypertonic saline in bronchiolitis (Figure 1). We defined the following outcomes according to the natural history of bronchiolitis: death, hospitalization with or without acute complications, PICU admission with or without acute complications.  Among the acute complications were included: pneumonia, atelectasis, sepsis, pleural effusions, and pneumothoraxes (12, 13)
Model Parameters and Data Sources
Clinical studies made in Colombian population (7, 14-16) (17)were used to estimate the probabilities of acute complications; death, admission and length of stay in PICU (see Table 1). The probability of hospitalization was drawn from two recent meta-analyses (18, 19) and the probability of acute complications, given PICU admission was obtained from two studies (20, 21).  Information regarding the effect of HS was extracted from a recent meta-analysis (11, 18) which compared HS nebulization versus normal saline nebulization or treatment without nebulization as controls
Cost analysis:
We included infants under two years of age admitted in tertiary centers, in Rionegro, Colombia due to bronchiolitis ( ICD-10 code: J21.0)  according to the national clinical guideline of bronchiolitis (22) from January 2018 to December 2018. Our country has been characterized by having a very small price variation in the last 10 years, especially in health services (23). Moreover, the proportions of each of the costs remain relatively constant, which, with few variation in  their  composition in the last ten years (10). The municipality of Rionegro had a total population of 101,046 inhabitants, and hast two tertiary referral hospital (24) All cost and use of resources were collected directly from medical invoices and electronic medical records. The direct costs considered in the analysis include: medical consultation at emergency room, specialist referrals, chest physiotherapy, diagnosis support (laboratory, electrocardiogram, x-ray, etc), medication (oxygen, nebulization, antibiotics, corticosteroids, bronchodilators, etc.), medical devices, hotel services at intensive care unit, hotel services in general medical ward. 
We use US dollars (Currency rate: US$ 1.00 = COP$ 3,000) (25) to express all cost in the study. For the valuation of the indirect costs associated with the loss of productivity of parents, the human capital method was used, assuming everyone receives an income of at least a legal minimum wage for formal or informal work. The cost-opportunity of the productivity loss at the workplace and the caregiver was assessed based on the minimum wage without including the transportation assistance for the year 2019 (U$ 229.81 per month). The legal minimum wage approved by the government was taken as a reference and not an average or median wage thereof, given that in Colombia more than 75% of the population has this value as income(26). Because all patients with bronchiolitis included were children, we assumed that at least one family, member accompanies the patient permanently during hospitalization, since pediatric hospitals in the country usually allow only one companion per patient in the hospital. For the cost associated with transportation and food (does not include a stay), was assumed to correspond to 50% of minimum wage per day.
Utilities
The utility values used to QALY calculations were collected from the literature. The utility value for hospitalization was 0.95 (27-30) , whereas the utility value for PICU, given hospitalization was 0.88 (31, 32). The utility value for hospitalization with acute complications was 0.59 and 0.5 for PICU with acute complications (33, 34). Given that they are utilities extracted from studies in populations other than the Colombian one, a range was used for the sensitivity analysis of one way and probabilistic of more or less 20% the value of the utility.
Sensitivity analyses 
The robustness was evaluated with one-way sensitivity analyses (SA) of base case parameters with the greatest level of uncertainty such as utilities, hospital related costs and probability of hospitalization.  Probabilistic sensitivity analysis was made using the Monte Carlo technique with a simulation of a hypothetical cohort of 10 000 patients in which each parameter varied randomly according to certain distributions (beta distribution in the case of probabilities, and gamma distribution in the case of costs); to generate 95% confidence intervals (95% CI)  . The Tree age 3.5 statistical package was used in all analyzes.



Results
The expected costs per patient were US$ 200 (CI 95% US$ 178- 222) in the HS nebulized group and US$ 240 (CI 95% US$ 213- 267) in controls. This difference is due to the lower costs of a patient hospitalized without the requirement of PICU, figure 1 (US$ 892 in the HS nebulized group vs US$ 948 in controls). The expected utilities were 0.923 (CI 95% 0.922- 0.924) in the HS nebulized group and 0.91 (CI 95% 0.918- 0.920) in controls, also with greater differences in hospitalization without acute complications (0.74 in the HS nebulized group vs 0.70 in controls). The cost-effectiveness plane is presented in figure 2, and show the difference in effectiveness per patient against the difference in the cost per patient after run 10 000 Monte Carlo simulations.  The strategy control was dominated by HS nebulized group. The cost per QALY was US$ 222 per patient treated with HS nebulized and US$ 267 controls. This result in an incremental cost-effectiveness ratio (35) for HS nebulized group of US$ -9518 per QALY gained table 3. 
Sensitivity analysis
Sensitivity analyses of parameters showed that the cost-effectiveness of HS was sensitive to the probability of hospitalization, figure 3. In threshold analysis, the expected cost per patient was lower in the control group only when the probability of hospitalization was equal or less than 0.022. With higher values, the expected cost of the HS group is always less than that of the control group. 
Discussion 
In this study , we evaluated the cost-effectiveness of HS nebulized compared to normal saline nebulization or treatment without nebulization. Our study suggests that HS nebulized compared to control treatment, are unequivocally cost-effective (it is dominant, achieving better outcomes at lower cost). The HS nebulized reduce the cost per patient by around US $ 47 with a slight increase in the quality-adjusted life years. Although the magnitude of cost savings per patient is small, in a population perspective in which, for example in Colombia where more than 95.000 cases with acute respiratory infection in children under 2 years are hospitalized annually (36), the savings can be substantial for the health system.
The current evidence is conclusive regarding the reduction generated by the use of HS in the days of hospital stay. A recent meta-analysis of 23 RTCs shows that infants treated with 3% HS had shorter durations of hospitalization compared with those treated with normal saline (NS; WMD=‑0.43; 95% CI=‑0.70, ‑0.15) (5). This intervention also has an important effect in reducing the probability of hospitalization, when used in the emergency department. Also, a recent meta-analysis of 18 RTCs, found a reduction of  23% in the probability of hospitalization (RR 0.771, 95% CI 0.619-0.959, I2 55.8%) (18). Perhaps the lack of an economic and population perspective has led to variability in the recommendations regarding its routine use. For example, some systematic reviews have proposed that hypertonic saline is a safe and effective treatment (37, 38), while other studies suggest that hypertonic saline improves outcomes in children with bronchiolitis (39, 40) . . In a recent systematic review of guidelines for the diagnosis and management of bronchiolitis, recommendations for the use of hypertonic saline were considerable variability. Seven guidelines did not recommend the use of hypertonic saline, whereas 8 in this review recommend its routine use in managing bronchiolitis (41). Most of these clinical practice guidelines lack economic evaluations and are only limited to reviewing aspects of effectiveness and safety. Economic evaluations are key inputs for the generation of health technology recommendations, since they provide information on the efficiency of an intervention, such as inhalation HS, once it has already been shown to be effective and safe (42-47)
In previous economic evaluations cost savings have also been found for the use of HS nebulized in patients with bronchiolitis. A decision tree model developed by NICE (UK) in 2014, in their clinical practice guideline for bronchiolitis, found hypertonic saline would be cost-savingin 59% of simulations and when their only included recent evidence from clinical trials from 2010 the cost-savingof HS increase to 76%(48) . A limitation of this model is that not including  the probability of developing or not acute complications that do not require admission to intensive care, but that are managed during hospitalization.  This can bias this model since the presence of acute complications is as frequent as 1 in 5 patients hospitalized with bronchiolitis (14). This directly impacts both the costs and benefits of the model, underestimating the effect of interventions that prevent reaching this state such as HS nebulization. A recent cost-effectiveness evaluation in Finland by Heikkila et al, found a mean reduction in the hospitalization rate was 24%, and €146 ($199) savings per patient (11). This economic evaluation used a structure of decision tree different from ours, and had as outcome no QUALYs as a benefit measure.. A practical limitation of this study is that it separately evaluated the cost-effectivenessof HS nebulization in emergency and in another model in hospitalization. This scenario that is not real, because the clinical spectrum of the disease behaves as a continuum, and there are summative effects in the total cost of HS in reducing the probability of hospitalization and in reducing LOS. Despite these limitations of  previous  studies, the fact that using a different model as this study in Finland and UK, savings have also been found using HS, with costs from developed countries, allows us to think that in a scenario with more limited resources but lower direct costs, such as low and middle-income tropical countries, HS may be a solution for the efficient use of resources in a patient with bronchiolitis as we found in our study. 
A very important aspect of our model is that it was robust to changing the values ​​of the model's utilities and costs. Regarding utilities, this result in the sensitivity analysis is important because they were extracted from the literature. Although they were collected from a European population, which may have different preferences for the health states evaluated, given their socio-economic and cultural context, our results did not change when exploring the change in the ICER in the range of values ​​of each utility explored. The same happens with costs. Although the resources, frequencies of use and costs were collected from tertiary centers, in Rionegro, and not from a national study with all hospitals in Colombia, modifications to their values ​​in the sensitivity analysis also did not significantly change the ICER. These aspects give us confidence regarding the ability to make decisions with our results; as is always necessary for science, more studies to replicate our results (45). Our study has some limitations. The cost data were collected retrospectively. Bronchiolitis treatment and the costs in question, including hospital prices, did not markedly change to our days.  Furthermore, our country has been characterized by having a very small price variation in the last 10 years, especially in health services (23). Additionally, we use utilities extracted from the literature and not estimated directly from our population. As was mentioned previously, the reliability and robustness of the results were evaluated by sensitivity analyses.  
In conclusion, the HS was cost-effective for the hospital treatment of an infant with bronchiolitis. Our study provides evidence that should be used by decision-makers to improve clinical practice guidelines and should be replicated to validate their results in other tropical countries.
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Table 1. Model inputs: morbidity probabilities used in base case and sensitivity analyses
	Model input
	Base case value
	SA range for one-way sensitivity analyses
	Source

	Probability
	 
	 
	 

	Hospitalization
	0,259
	0,014-0,411
	(18)

	PICU, given hospitalization
	0,079
	0,061-0,182
	(49)

	Mortality, given PICU admission
	0,009
	0,009-0,067
	(15)

	Acute complications , given hospitalization
	0,131
	0,101-0,202
	(14)

	Acute complications, given PICU admission
	0,153
	0,150-0,536
	(21)

	Utility
	
	
	

	No hospitalization
	0,95
	1,00-0,76
	(27-30)

	Hospitalization without acute complications
	0,88
	1,00-0,70
	(31, 32)

	Hospitalization with acute complications
	0,59
	0,70-0,47
	(31, 32)

	PICU without acute complications
	0,73
	0,87-0,58
	(31, 32)

	PICU with  acute complications
	0,5
	0,60-0,40
	(31, 32)

	HS effectiveness
	
	
	

	Reduction of hospitalization
	0,80
	0,67-0,96
	(11)

	Reduction of LOS 
	-0,55
	-0,15-0,96
	(11)















Table 2. Cost used in base case and sensitivity analyses

	Model input
	Base case value
	SA range for one-way sensitivity analyses
	Distribution

	Intervention cost 
	 
	 
	 

	HS cost per patient day
	3,83
	3,81-3,84
	γ(SD:0,05)

	Hospitalization cost 
	
	
	

	Daily cost in paediatric ward
	48.82
	47,64 50.00
	γ(SD:3,20)

	Hospital length of stay (days)
	5,8
	4,00-6,01
	γ(SD:2,03)

	PICU related cost 
	
	
	

	Daily cost in PICU
	327,35
	326,26-328-43
	γ(SD:5,49)

	PICU lenght of stay (days)
	10
	9,01-15,05
	γ(SD:3,08)

	Emergency visit prior hospitalization cost
	
	
	

	Daily cost of emergency ward
	12,83
	12,19-13,46
	γ(SD:3,20)

	Direct medical cost per patient-day
	
	
	

	 Specialist referrals
	10,67
	10,31-11,01
	γ(SD:1,72)

	 Chest physiotherapy
	5,15
	4,90-5,39
	γ(SD:1,23)

	 Chest radiography
	2,84
	2,70-2,98
	γ(SD:0,73)

	 Others diagnostic imaging
	0,01
	0,0-0,022
	γ(SD:0,08)

	 Complete blood cell counts
	1,12
	1,05-1,17
	γ(SD:0,28)

	 RSV test
	2,71
	2,83-3,03
	γ(SD:2,72)

	 Other laboratory tests
	4,40
	4,23-4,47
	γ(SD:0,37)

	 Oxygen
	1,37
	1,28-1,45
	γ(SD:0,41)

	 Nebulization
	16,23
	1,28-1,45
	γ(SD:4,52)

	 LEV
	1,10
	1,07-1,13
	γ(SD:0,16)

	 Antibiotics systemics
	1,21
	1,11-1,30
	γ(SD:0,49)

	 Systemic o Inhaled Corticosteroids
	0,08
	0,0-0,90
	γ(SD:4,18)

	 Bronchodilators
	0,04
	0,03-0,04
	γ(SD:0,02)

	 Other drugs
	0,65
	0,60-0,68
	γ(SD:0,04)

	 Medical devices
	10,24
	9,71-10,76
	γ(SD:2,66)

	Indirect cost patient-day
	17,24
	16.38-18,07
	γ(SD:4,30)








Table 3. Cost- effectiveness of HS nebulized vs Control group.

	Strategy
	Cost (US$)
	Difference
	QUALYs
	Difference
	C/E
	Marg C/E

	HS nebulized
	200,74
	
	0,9232
	
	217,4417803
	

	Control
	240,25
	-39,511
	0,9189
	0,004
	261,4549351
	(Dominated)




Figure legends
Figure 1.  Decision tree model with probabilities estimated by outcome  
Figure 2.  Cost effectiveness plane  
Figure 3. Tornado diagram
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Figure 3. Tornado diagram
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phos :probability of  hospitalization
Ppicu: probability of  PICU admission, given hospitalization
RR_HS: Relative risk of reduction of hospitalization of HS
cWithoutCompHS : cost of hospitalization without acute complication in HS nebulized group
UNoHop: utility of patient no hospitalized
cPICOnocomplic: cost of PICU admission without acute complications
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