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Abstract

Objectives: Although recent evidence suggests that management of viral bronchiolitis requires 

something other than guidelines-guided therapy, there is a lack of evidence supporting the 

economic benefits of phenotypic-guided bronchodilator therapy for treating this disease. The 

aim of the present study was to compare the cost-effectiveness of phenotypic-guided versus 

guidelines-guided bronchodilator therapy in infants with viral bronchiolitis.

Methods: A decision analysis model was developed to compare the cost-effectiveness 

of phenotypic-guided versus guidelines-guided bronchodilator therapy in infants with viral 

bronchiolitis. Phenotypic-guided bronchodilator therapy was defined as the administration of 

albuterol in infants exhibiting a profile of increased likelihood of response to bronchodilators. The 

effectiveness parameters and costs of the model were obtained from systematic reviews of the 

literature with meta-analyses and electronic medical records. The main outcome was the avoidance 

of hospital admission after initial care in the emergency department.
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Results: Compared to guidelines-guided strategy, treating patients with viral bronchiolitis with 

the phenotypic-guided bronchodilator therapy strategy was associated with lower total costs 

(US$250.99; 95% uncertainty interval [UI]: US $184.37 to $336.51 vs. US$263.46; 95% UI: 

US$189.81 to $349.19 average cost per patient) and a higher probability of avoidance of hospital 

admission (0.7902; 95% UI: 0.7315–0.8356 vs. 0.7638; 95% UI: 0.7062–0.8201), thus leading to 

dominance. Results were robust to deterministic and probabilistic sensitivity analyses.

Conclusions: Compared to guidelines-guided strategy, treating infants with viral bronchiolitis 

using the phenotypic-guided bronchodilator therapy strategy is a more cost-effective strategy, 

because it involves a lower probability of hospital admission at lower total treatment costs.
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1 | INTRODUCTION

Viral bronchiolitis is the most prevalent cause of lower respiratory tract infection in children 

during the first 2 years of life and is the leading cause of hospitalization among infants 

younger than 1-year old.1,2 In addition to the significant clinical burden of viral bronchiolitis 

on patients, the disease is usually associated with substantial direct and indirect costs, not 

only for healthcare systems but also for families and society as a whole.3

For decades, it has been a well-established position that bronchiolitis treatment is mostly 

supportive, focusing only on observation, hydration, and oxygen supplementation. Although 

the 2006 American Academy of Pediatrics (AAP) bronchiolitis guidelines considered it 

acceptable to use bronchodilators on a trial basis,4 the most recent evidence-based medicine 

(EBM) clinical practice guidelines (CPGs) on viral bronchiolitis, such as the 2014 AAP5 

and the National Institute for Health and Care Excellence guidance on the diagnosis 

and management of bronchiolitis,6 recommend against the use of medications such as 

bronchodilators to treat the disease. Although these CPGs have acceptable or even good 

methodological quality,7 they all labor under the implicit assumption that the affected 

infants are a homogeneous group of patients with the same clinical condition. However, 

there is increasing evidence showing that infants with viral bronchiolitis exhibit a high 

degree of heterogeneity in their clinical presentation, immune responses, and molecular 

immune signatures, as well as probably distinct responses to different therapeutic options 

(phenotype-specific treatment).8–11 Specifically, the greatest likelihood of benefit from 

beta2 adrenor-eceptor (AR) agonist bronchodilators such as albuterol is likely to occur 

in infants with virus-induced bronchoconstriction manifested as a “wheezing phenotype.”12 

Individuals with this phenotype seem to have characteristic features, including older age, 

proasthmatic type 2 immune responses, atopic dermatitis, or a family history of asthma in 

a first-degree relative, bronchiolitis caused by rhinovirus (RV) or respiratory syncytial virus 

(RSV) genotypes ON1 and BA, and infection occurring during nonpeak viral season months 

or during non-RSV-predominant months.13,14 However, although recent evidence suggests 

that management of viral bronchiolitis requires something other than guidelines-guided 

therapy, there is a lack of current randomized clinical trials (RCTs) to fully support the usage 

of beta2AR agonist bronchodilators in infants with the above-mentioned characteristics, 
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at least on a therapeutic trial basis. In addition, there is also a current lack of evidence 

supporting the economic benefits of phenotypic-guided bronchodilator therapy in viral 

bronchiolitis that combines both its cost and its effectiveness. This fact is important 

because demonstrating not only effectiveness but also cost-effectiveness and cost-savings 

is important for advocating a new intervention.

Accordingly, the aim of the present study was to compare the cost-effectiveness of 

phenotypic-guided versus guidelines-guided bronchodilator therapy in infants with viral 

bronchiolitis.

2 | METHODS

2.1 | Model structure

A decision analysis model was developed to estimate the cost-effectiveness of phenotypic-

guided versus guidelines-guided bronchodilator therapy in infants with viral bronchiolitis. 

For this study, we used the definition of viral bronchiolitis by the AAP in children less than 

24 months of age: symptoms of a viral upper respiratory infection that then progresses to 

lower respiratory tract disease with wheezing and increased respiratory effort.5 Although the 

European guidelines definition of bronchiolitis only include infants less than 12 months,6 

we have previously found that the AAP definition is more commonly used among young 

children hospitalized with viral respiratory infections.15

For each of the two comparators, the model starts with any patient 24 months of age 

and younger treated in the emergency department (ED) for acute bronchiolitis with a 

probability (probability node) either of improvement and discharge from the hospital or 

of being admitted to hospital. Thereafter, for patients admitted to the pediatric ward (PW), 

the model incorporates the probability (probability node) of staying in the PW or being 

admitted to the pediatric intermediate care unit (PIMC) or the pediatric intensive care unit 

(PICU). Thereafter, the model incorporates the probability of readmission for bronchiolitis 

within 10 days of hospital discharge (Figure 1). The model assumes that no patients died and 

that all of them were discharged to home. Likewise, the model assumes that all readmitted 

patients required admission to PW.

The main outcome of the model is avoidance of hospital admission after initial care in the 

ED. The time horizon is 10 days after hospital discharge in addition to the duration of 

hospital care for the acute bronchiolitis episode, without taking into account any sub-sequent 

respiratory morbidity at follow-up (e.g., recurrent wheezing following acute bronchiolitis). 

This model compares direct medical costs and disease outcomes from the perspective of the 

national healthcare system in Colombia.

2.2 | Sources of data

2.2.1 | Disease outcomes and clinical parameters—Effectiveness parameters were 

obtained from various sources. The probability of hospital admission in patients with 

guidelines-guided bronchodilator therapy was obtained from data from the placebo branch 

of the last version of the Cochrane Systematic Review published in 2015 that compared 

the efficacy of bronchodilators (other than epinephrine) with placebo for bronchiolitis.16 
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The probability of hospital admission in patients with phenotypic-guided bronchodilator 

therapy was obtained from data from the metered-dose inhaler (MDI) branch of a systematic 

review with a meta-analysis aimed at comparing the efficacy of beta-agonists administered 

by MDI with a valved holding chamber or nebulizer in children under 5 years of age 

with acute exacerbations of wheezing or asthma in the ED setting.17 There are at least 

four reasons to have selected the probability from this meta-analysis. First, the range of 

infants with their first wheezing episode enrolled in the primary studies included in the 

meta-analysis was from 10% to 83%, suggesting that a significant percentage of them were 

really suffering from viral bronchiolitis.17 Thus we assumed that the results of the above-

mentioned meta-analysis could be considered a good proxy for the probability of hospital 

admission in patients with phenotypic-guided bronchodilator therapy. Second, there are no 

recent studies of inhaled beta2AR agonist bronchodilators versus placebo in children with 

acute asthma presenting to hospitals that evaluate the outcomes of interest, mainly because 

placebo-controlled trials would be unethical. Third, the great majority of studies assessing 

the efficacy of bronchodilators for treating bronchiolitis have been based on bronchodilators 

administered by a nebulizer, and when compared to nebulizers, MDI has been shown to have 

advantages in outcomes such as admission hospital rates and clinical scores. Consequently, 

we hypothesized that the reported lack of efficacy of bronchodilators in the treatment of 

bronchiolitis could be due in part to the method of administration (e.g., by a nebulizer).18,19 

Fourth, Rubilar et al.19 compared the efficacy of albuterol delivered via MDI with a spacer 

versus a nebulizer for the treatment of acute exacerbations of wheezing in children less 

than 2 years of age, irrespective of whether it was viral bronchiolitis or infantile asthma. 

When analyses were restricted to first-time wheezing children, the proportion of children 

treated with MDI and spacer that met the criteria for hospital admission after one hour of 

treatment was virtually identical to that reported in the above-mentioned systematic review 

with meta-analysis (10.5% vs. 11.3%, respectively).19

To reflect the proportion of infants with viral bronchitis that potentially could benefit from 

inhaled beta2AR agonist bronchodilators with the phenotypic-guided strategy, we calculated 

a weighted average of the proportion of patients with the above-mentioned proasthmatic or 

Th2-immune characteristics, as reported in the literature (RV isolation,20–23 affection during 

nonpeak months or during non-RSV-predominant months,20 family history of asthma in a 

first-degree relative,20,21 age greater than 12 months,21,24 history of atopic dermatitis,21 and 

wheezing or subcostal retractions as the predominant clinical presentation among affected 

infants: “wheezing phenotype”).12 All the probabilities of the phenotypic-guided strategy 

were adjusted based on the above-mentioned weighted average of the proportion of patients 

with proasthmatic type 2 immune responses.

For patients admitted to the PW, the probability of being admitted to the PIMC or the 

PICU and the proportion of patients that required readmission for viral bronchiolitis within 

10 days of hospital discharge with each of the two comparators were obtained from a 

review of electronic medical records (EMRs) of 303 patients admitted for acute bronchiolitis 

(ICD-10 codes J21, J21.0, J21.1, J21.8, and J21.9) from March 2014 to August 2015 to 

the Fundación Hospital La Misericordia, a tertiary care university-based children’s hospital 

located in the metropolitan area of Bogota that serves the city of Bogota as well as other 

cities of the country as a referral center. During that span of time in our institution, 
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infants with bronchiolitis with a family history of asthma in a first-degree relative and/or 

a history of atopic dermatitis and wheezing as the predominant feature was treated with 

bronchodilators, considering them, therefore, a good proxy for phenotypic-guided strategy. 

All probability parameters were validated by clinical experts consisting of a panel of four 

pediatric pulmonologists using the Delphi technique.25

2.3 | Resource utilization and costs

Unit costs and resource utilization data were obtained from a recent study aimed at 

evaluating the direct medical costs associated with bronchiolitis hospitalizations in Bogota, 

Colombia.26

The costs incorporated in the analyses included only direct costs incurred during the 

treatment of patients suffering an acute bronchiolitis episode, from the healthcare provider’s 

perspective. Specifically, medical and therapy services (including respiratory therapy), 

diagnostics tests and procedures (hemogram, C-reactive protein, viral respiratory panel, 

and imaging studies), consumables (medications, fluids, supplies, nebulization, and oxygen 

treatment), and hotel services (hospital stay), were taken into account. While the cost for 

testing for RV was incorporated in the cost analyses of the totality of patients of the 

phenotypic-guided strategy, the cost of an MDI of albuterol and the spacer was incorporated 

only in those that potentially could benefit from inhaled beta2AR agonist bronchodilators. 

Since albuterol MDI canisters and spacers are not transferable or reusable between patients, 

the cost of MDI delivery of albuterol was calculated by using the cost of one MDI canister 

and one spacer per patient. On the other hand, neither the cost for testing for RV nor the 

cost of MDI of albuterol and the spacer was incorporated in the cost analyses of the patients 

treated under the guidelines-guided strategy.

All costs considered were as close to reimbursement or true costs as possible. Resource 

quantities at an individual patient level, including the length of stay, the quantity of 

medications and supplies utilized, and the number of diagnostic tests and procedures, were 

determined. Thereafter, we calculated the cost per bronchiolitis episode hospitalization per 

comparator based on the unit cost of each component multiplied by the resource quantities 

utilized by each patient. Costs were calculated in Colombian pesos (COP) and converted to 

dollars (US$) based on the average exchange rate for 2018 (US$1 = COP 2956.55).27 All 

the costs were adjusted to the 2015 COP before converting them to US$. Given that the time 

horizon was 10 days after hospital discharge in addition to the duration of hospital care for 

the acute bronchiolitis episode, costs and effects were not discounted. The study protocol 

was approved by the local ethics board.

2.4 | Sensitivity analyses

To assess the robustness of the model, one-way, two-way, and multi-way deterministic 

sensitivity analyses (using a tornado diagram) were performed using plausible variations 

in the main model parameters. Values used in the deterministic sensitivity analyses were 

based on plausible ranges (for costs, the data ranges were based on the lowest and highest 

values collected in the review of EMRs, and for probabilities, the data ranges were ±25% of 

the base value), including 95% confidence intervals (95% CIs) when available. In addition, 
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a probabilistic sensitivity analysis (PSA) using second-order Monte Carlo simulation with 

10,000 iterations (assigning uncertainty distributions to input parameters in the model and 

sampling a random value from each distribution simultaneously), was used to deal with 

parameter uncertainty. Based on PSA simulations, we calculated 95% uncertainty intervals 

(UIs) for costs and effects and generated cost-effectiveness scatter plot, plotting incremental 

costs compared to incremental effectiveness of the 10,000 iterations.28 TreeAgePro 2016 

software (TreeAge Software) was used for data analysis.

3 | RESULTS

3.1 | Baseline and range values of parameters included in the model

The base-case values and ranges used in the deterministic sensitivity analyses, including the 

probability of hospital admission after initial care in the ED, probability of admission to 

the PIMC or PICU, probability of readmission for bronchiolitis within 10 days of hospital 

discharge, unit costs of resources, and the cost per hospitalization for a bronchiolitis episode 

according to the hospital setting in which the patients was admitted, along with their 

respective sources, are presented in Table 1.

3.2 | Base-case analysis

The proportion of infants with viral bronchitis that potentially could benefit from inhaled 

beta2AR agonist bronchodilators with the phenotypic-guided strategy was calculated as 

21.48%. Under the base-case assumptions, the model showed that compared to guidelines-

guided strategy, treating patients with viral bronchiolitis with the phenotypic-guided 

bronchodilator therapy strategy was associated with lower total costs (US$250.99 vs. 

US$263.46 average cost per patient) and a higher probability of hospital admission avoided 

(.7902 vs. .7638), thus leading to dominance. A position of dominance eliminated the need 

to calculate an incremental cost-effectiveness ratio (Table 2).

3.3 | Sensitivity analyses

One-way, two-way, and multi-way deterministic sensitivity analyses (using a tornado 

diagram) showed that the probability of being admitted to the PIMC or the PICU with 

the phenotypic-guided strategy had the highest impact on the model outcome. However, 

the phenotypic-guided bronchodilator therapy was the dominant strategy over all of the 

ranges of the probability of admission to the PIMC or the PICU with the phenotypic-guided 

strategy analyzed.

Parameter distributions used in the PSA are presented in Table 3. Beta distribution was used 

to model probabilities, and gamma distribution was used to model costs. The results of the 

PSA are graphically represented as a scatter plot in Figure 2. This scatter plot shows that 

compared to guidelines-guided strategy, treating patients with viral bronchiolitis with the 

phenotypic-guided bronchodilator therapy strategy tends to be associated with lower overall 

treatment costs and lower probability of hospital admission. Based on the results from these 

simulations, the 95% UI for cost per patient treated with phenotypic-guided strategy and 

with guidelines-guided bronchodilator therapy strategy were US$184.37–336.51 and US 

$189.81–349.19, respectively. The 95% UI for the avoidance of hospital admission was 
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0.7315–0.8356 and 0.7062–0.8201, respectively. In 59.4% of the iterations, the phenotypic-

guided strategy was associated with both a lower probability of hospital admission and lower 

costs, compared with treatment administered under the guidelines-guided bronchodilator 

therapy strategy.

4 | DISCUSSION

The present study shows that compared to guidelines-guided strategy, treating infants with 

viral bronchiolitis using the phenotypic-guided bronchodilator therapy strategy is a more 

cost-effective strategy, because it involves a lower probability of hospital admission at lower 

total treatment costs. Although the variable that exhibited the highest impact on these results 

was the probability of being admitted to the PIMC or the PICU with the phenotypic-guided 

strategy, the phenotypic-guided bronchodilator therapy was the dominant strategy over all 

the ranges of the probability of admission to the PIMC or the PICU analyzed. Furthermore, 

the PSA results were consistent with the base-case results.

The findings of the present study support and build on previous reports on the concept 

of phenotype-specific responses to different therapeutic options in viral bronchiolitis, in 

this case suggesting the cost-effectiveness of beta2AR agonist bronchodilators in infants 

of the phenotype of virus-induced wheezing and proasthmatic type 2 immune responses.12 

Our study results are in line with previous studies that have shown significant benefits in 

clinically important outcomes (and therefore presumptively also in unmeasured economic 

outcomes) in infants with viral bronchiolitis with some of the above-mentioned phenotypical 

features treated with medications used for pediatric asthma.29–31 At this point, it is worth 

mentioning that Seumois et al.32 examined the correlation between the expression of 

asthma-specific genes and lung physiological measures such as forced expiratory volume 

in 1 s, bronchodilator reversibility (BDR) following albuterol treatment, and methacholine 

challenge, and found a moderately good correlation (Spearman correlation coefficient 

ranging from .351 to .40, p < .05) between BDR and transcriptional profiling of Th2 cells 

(ZBTB10, SGK1, and GABARAPL1), suggesting that the molecular program in circulating 

Th2 cells may influence BDR.32 The findings of our current cost-effectiveness analysis lend 

support to the use of albuterol and other beta2AR agonist bronchodilators in infants with 

certain clinical characteristics (e.g., atopic dermatitis),33 a treatment employed by clinicians 

despite the fact that the current CPGs on viral bronchiolitis advocate against the use of 

beta2AR bronchodilators.5,6 This apparently non-conforming behavior could be due to the 

fact that while the EBM approach focuses on using RCTs to establish the best treatment for 

the average patient and ignores the outliers, the approach based on personalized medicine 

focuses on the outliers.34

Although at first glance studies evaluating the impact of CPGs on bronchiolitis that 

discourage the of bronchodilators and show positive impacts on clinical and economic 

outcomes do not appear to corroborate our findings, it is important to take into account two 

factors: first, the great majority of these CPGs encourage the use of a monitored trial of 

bronchodilators instead of completely discouraging their use, thus increasing the probability 

of administering bronchodilators to patients who will benefit the most from them.35–42 

Second, the uncontrolled before and after the design of most of these studies poses threats 
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to internal validity, such as the history (i.e., some other influential event that could affect the 

outcome occurs during the intervention), instrumentation/reporting (i.e., the validity of the 

measurement method changes over the course of the intervention), regression to the mean, 

maturation, and Hawthorne threats.43 Additional methodological challenges that need to be 

considered are lack of a causal relationship, residual confounding bias, misclassification 

bias, comparisons of populations that are not concurrent in time, availability of quality 

metrics for bronchodilator use, setting where the study was performed, inclusion/exclusion 

of patients with comorbidities, times of outcomes assessment, and method and duration of 

CPG implementation.

We are aware that our study may have some limitations. The first is that the probability of 

hospital admission in patients with phenotypic-guided bronchodilator therapy was obtained 

from a systematic review with a meta-analysis that did not limit data exclusively to 

patients with viral bronchiolitis. This fact could have resulted in the overestimation of the 

cost-effectiveness of the phenotypic-guided strategy. However, this parameter uncertainty 

was handled using several accepted methods to deal with uncertainly in cost-effectiveness 

models, such as the Delphi technique and deterministic and probabilistic sensitivity 

analyses,44–46 our base-case results being robust to variations in values of this probability. In 

addition, this probability value was virtually identical to that reported in an RCT when the 

analysis was restricted to first-time wheezing children.19 Second, cost data were obtained 

from a single clinical center and may not be representative of the whole country. However, 

these data were obtained from a pediatric clinic that receives patients from the most 

important and representative medical insurance companies in the city. Moreover, the costs 

were subjected to wide sensitivity analyses. Third, the fact of having used the definition 

of viral bronchiolitis by the AAP in our analyses (i.e., including children <24 months of 

age) instead of the European definition (i.e., using a more restricted age definition) could 

have caused upward bias in the cost-effectiveness of the phenotypic-guided strategy. This 

is because greater age is one of the characteristics that could predict a higher probability 

of response to albuterol in infants with viral bronchiolitis,47 and in fact, it was included in 

our analysis of the phenotypic-guided strategy. Finally, the differences in efficacy and costs 

associated with the two strategies could be due to the imprecision of their estimates, because 

of their 95% UIs overlap. Therefore, we cannot be 95% confident or more about which is the 

better spacer with regard to their economic value.

In conclusion, the results of our analysis suggest that using beta2AR agonist bronchodilators 

based on specific patient characteristics or biomarkers (e.g., infants with proasthmatic 

immune responses), that is, the use of personalized precision medicine instead of a “one-

size-fits-all” treatment strategy, could contribute to the treatment of viral bronchiolitis in a 

more cost-effective way. Future RCTs using biomarkers to stratify patients most likely to 

respond to treatment with beta2AR bronchodilators are necessary to provide more accurate 

data input in forthcoming economic evaluations on the topic.
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FIGURE 1. 
Diagram of a cost-effectiveness model for each treatment option. ED, emergency 

department; PICU, pediatric intensive care unit; PMIC, pediatric intermediate care unit; 

PW, pediatric ward
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FIGURE 2. 
Scatter plot of each iteration’s cost and effectiveness values for each strategy in viral 

bronchiolitis. The X-axis shows the effectiveness, measured as hospitalizations avoided; the 

Y-axis shows the costs measured in dollars (US$, 2018). Each point represents one of the 

10,000 trial runs, where each input was assigned a random value according to its probability 

density function
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