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Abstract

Background: Severe bronchiolitis requiring mechanical ventilation was associated with an absence of surfactant
activity and phosphatidylglycerol, causing airway obstruction in acute bronchiolitis. Exogen surfactant in
mechanically ventilated infants decreased duration of stay in the intensive care unit and had favorable effects on
oxygenation and carbon dioxide removal. This study aimed to evaluate the budget impact of surfactant therapy for
bronchiolitis in critically ill infants in Colombia.

Methods: Budget impact analysis was performed to estimate the economic impact of surfactant therapy (ST) for
the treatment of infants with a diagnosis of bronchiolitis, requiring mechanical ventilation. The analysis considered
a 4-year time horizon and Colombian National Health System perspective. The model estimated drug costs
associated with current scenario using humidified oxygen or adrenaline nebulization, and new scenario adding
exogen surfactant. The size of the target population was calculated using epidemiological national data. Univariate
one-way sensitivity analyses and scenario analyses were performed.

Results: In the base-case analysis the 4-year costs associated to ST and no-ST were estimated to be US$ 55,188,132
and US$ 55,972,082 respectively, indicating savings for Colombian National Health equal to US$ 783,950 if ST is
adopted for the routine management of patients with bronchiolitis requiring mechanical ventilation. In the one-
way sensitivity analysis, only increases in the cost of the surfactant drug and cost or length of stay in the pediatric
intensive unit reduce the potential savings of ST.

Conclusion: ST was cost-saving in emergency settings for treating infants with severe bronchiolitis requiring
mechanical ventilation. This shift in treatment approach proved to be economically favorable in the Colombian
context.
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Background
Acute Respiratory Distress Syndrome represents a severe
form of respiratory failure both for adults and children,
with prevalence (range 2.0–12.8%) and mortality (range
18–27%) in paediatrics [1]. The case-fatality rate by se-
vere bronchiolitis in the first two years of life is usually
0.5 to 1.5% in high-income countries and 1.74% in
middle-income countries such as Latin-American [1, 2].
In Colombia, 260,873 years of life (CI 95% 208,180-347,
023) were lost due to respiratory sincitial virus bronchio-
litis in Colombian children under two years [3], with a
high economic burden on the health system [4]. Severe
bronchiolitis requiring mechanical ventilation was asso-
ciated with an absence of surfactant activity and phos-
phatidylglycerol, causing airway obstruction in acute
bronchiolitis [5]. Exogenous surfactant administration
appears to change the hemodynamics of the lungs favor-
ably and may be a promising therapy for severe bron-
chiolitis. A Cochrane systematic review shows that
Surfactant used for mechanically ventilated infants and
children with bronchiolitis decreased duration of stay in
the intensive care unit and had favorable effects on oxy-
genation and carbon dioxide removal. The pooled mean
duration of mechanical ventilation (hours) in the inter-
vention groups was 63.04 95% confidence interval (CI)
-130.43 to 4.35 h) lower in the three randomized clinical
trials included in this review [6]. We hypothesize that
TS can reduce the costs of care in patients with severe
bronchiolitis., an aspect of vital importance in develop-
ing countries with limited health budgets. This study
aimed to evaluate the budget impact of surfactant ther-
apy (ST) for bronchiolitis in critically ill infants in
Colombia.

Methods
Analytical framework
A budget impact analysis was performed to evaluate the
potential financial impact deriving from Surfactant ther-
apy in the market of available treatments for bronchio-
litis, requiring mechanical ventilation. The analysis
considered the perspective of the Colombian National
Health System and was conducted over a 4-years’ time
horizon. A budget impact model (BIM) was developed
as a Microsoft Excel® macro-enabled workbook to evalu-
ate the incremental budget impact of Surfactant therapy

for treatment of severe bronchiolitis, requiring mechan-
ical ventilation. The incremental budget impact was cal-
culated by subtracting the cost of the new treatment, in
which Surfactant therapy (adding to humidified oxygen
or adrenaline nebulization) is reimbursed, from the cost
of the conventional treatment without Surfactant ther-
apy (only humidified oxygen or adrenaline nebulization).
Full details of all assumptions used to develop the base
case analysis are provided in Table 1.

Target population
The target population is represented by infants (0 to 12
months of age), term newborn without cardiac or neuro-
logical or respiratory or another chronic disease, in
pediatric intensive care unit (PICU) with a diagnosis of
bronchiolitis, requiring mechanical ventilation. The size
of the population for the first year was calculated apply-
ing data about the total population under 2 years of age
in Colombia [7], incidence of bronchiolitis in Colombia
[8], frequency of infant with bronchiolitis requiring
mechanical ventilation in Colombia [4, 9]. An annual
population growth of 0.8% was assumed considering the
average national growth rate from the period 2015–2019
[7], Table 2.

Intervention
Exogen Surfactant (intratracheal administration of Sur-
factant). The information on effectiveness was extracted
from the only Cochrane systematic review published
which includes information from three controlled clin-
ical trials [6]. In this review, the duration of the intensive
care unit (ICU) stay was less in the ST than the control
group: MD -3.31, 95% CI -6.38 -0.25 days. Serious ad-
verse effects were not reported in these studies. Respect
to the drug administration in these trials:

� The Luchetti 1998 included infants on mechanical
ventilation for 24 h without significant improvement
of their clinical status (uncorrected congenital heart
disease and neuromuscular diseases were excluded
by two studies). In this study, porcine surfactant
(Curosurf) 50 mg/kg was administered in two to
three doses through an endotracheal tube [10].

� Luchetti 2002 included infants who had mechanical
ventilation for at least 12 h without significant

Table 1 Assumption used to develop the base case analysis

Assumption References

For all products compliance is considered to be 100% Assumption based on the opinion of clinical experts

The incidence of adverse events is equal between patients treated with ST and without ST [6]

The incidence of bronchiolitis is stable over the time horizon Assumption based on the opinion of clinical experts

The incidence of bronchiolitis requiring mechanical ventilation is stable over the time horizon Assumption based on the opinion of clinical experts

The market share for different types of ST are stable over the time horizon Assumption based on the opinion of clinical experts
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improvement (uncorrected congenital heart disease
and neuromuscular diseases were excluded by two
studies). In this study, porcine surfactant (Curosurf)
50 mg/kg was administered in two aliquots over
about five minutes through an endotracheal tube
[11].

� The Tibby 2000 study enrolled infants who were
ventilated for less than 24 h with an oxygenation
index above five and a ventilation index above 2 (the
study did not exclude children with chronic lung
disease and prematurity history). In this study,
bovine surfactant (Survanta) was administered in
two doses (100 mg/ kg), 24 h apart, through an
endotracheal tube [12].

According to the Colombian market at the time of the
analysis, we have 3 types of surfactant: Survanta®, Curo-
surf® and Infasurf® have a market shares of 47.35%, 49.20
and 3.4% respectively [14]. The cost of treatment per pa-
tient was calculated:

� the total amount of milligrams per patient/treatment
was estimated for each types of surfactant according
to the dosing schedules mentioned above, and
assuming a patient with average weight of 6.7 kg,

� The cost of each types of surfactant per patient was
estimated by multiplying the cost per milligram of
each types of surfactant, obtained from the national
list of drug costs [13], by the total amount of
milligrams estimated per patient/treatment
calculated in the previous step

� The final cost of treatment per patient was obtained
from the sum of the results of the cost of each type

of surfactant per patient multiplied by their market
share.

We assumed to progressively gain market sales from
surfactant therapy. In the base-case scenario the uptake
rate of surfactant therapy was assumed to be 25%, in-
creasing to 25% each year respectively, according to he
estimates of the marketing authorization holder and rec-
ommendation of national guidelines for economic evalu-
ations in Colombia [15].

Time horizon
The time horizon defined was four years. The maximum
follow-up time was set to be four years. A longer per-
spective was not considered relevant for the budget
holder following recommendation of national guidelines
for economic evaluations in Colombia [15]. All results
are depicted cumulatively from 1 to 4 years.

Resource use and cost
The costs of each outcome defined previously were esti-
mated directly from medical invoices and electronic
medical records of 193 infants admitted in tertiary cen-
ters in Rionegro, Colombia, with a diagnosis of bron-
chiolitis, according to the national clinical guidelines of
bronchiolitis. This cost and clinical characteristics of
these patients were published previously [4]. Brief, the
direct costs considered in the analysis include medical
consultation at the emergency room, specialist referrals,
chest physiotherapy, diagnosis support (laboratory, elec-
trocardiogram, x-ray, etc.), medication (oxygen, nebuli-
zation, antibiotics, corticosteroids, bronchodilators, etc.),
medical devices, hotel services in the intensive care unit,

Table 2 Parameter used in the case base

Type of parameter Base Case value Range for one-way sensitivity analyses Reference

Demographics

Population 2,327,222 [7]

Annual population growth 0.8% [7]

Pediatric weight 6.7 kg, [10–12]

Epidemiology

Bronchiolitis incidence 6.1% 4–8% [8]

% bronchiolitis requiring mechanical ventilation 7.1% 2–10% [4, 9]

Cost

Survanta® (unit 25 mg), US$ 13 10–15 [13]

Curosurf® (unit 240 mg), US$ 37 30–40 [13]

Infasurf® (unit 105 mg), US$ 13 10–20 [13]

Market Share

Survanta® (unit 25 mg) 47.3% 40–57% [14]

Curosurf® (unit 240 mg) 49.2% 45–55% [14]

Infasurf® (unit 105 mg) 3.4% 2–6% [14]
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and hotel services in the general medical ward. All treat-
ment costs include the administration and preparation
costs covered by the treating organization. All adverse
events were assumed to be fully reversible and thus not
to cause any additional costs to the hospital district. To
avoid data errors during medical record abstraction, we
used software (Excel MS®) with automatic calculation
functions and error alerts and a review of outliers by the
research team. We used US dollars (currency rate in
2019: US$ 1.00 = COP$ 3000) [16] to express all costs in
the study. For the valuation of the indirect costs associ-
ated with the loss of parents’ productivity, 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 trans-
portation assistance (US$ 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, over 75% of the popula-
tion has this value as their income [7]. Because all
patients with acute asthma episodes included in this
study were children, we assumed that at least one family
member accompanied the patient permanently during
hospitalization, as pediatric hospitals in the country usu-
ally allow only one companion per patient in the hos-
pital. The cost associated with transportation and food
(does not include a stay), was assumed to correspond to
50% of minimum wage per day.

Sensitivity analyses
The robustness of the base-case was evaluated with one-
way sensitivity analyses. The parameters used in the ana-
lysis were varied once as detailed in Table 3. Expert
opinion and literature data were used to determine
ranges of parameters to be tested in the sensitivity ana-
lysis. Results of the sensitivity analysis are presented in a

Table 3 Cost (US$) used in base case and sensitivity analyses

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

Intervention cost

ST per patient day 203 43–352 γ (SD:197)

Hospitalization cost

Daily cost in pediatric 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)

Reduction in PICU lenght of stay (days) by ST 3.31 0.25–6.38 γ (SD:1.8)

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)
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tornado diagram showing the impact on base-case of un-
certainty in the parameters used in the model. Microsoft
Excel® was used in all analyses.

Results
Base-case results
In the base-case analysis the 4-year costs associated to
ST and no-ST were estimated to be US$ 55.188.132 and
US$ 55.972.082 respectively, indicating savings for Co-
lombian National Health equal to US% 783.950 if ST is
adopted for the routine management of patients with
bronchiolitis requiring mechanical ventilation (Table 4).
The savings by ST increased over the years due to the
greater number of patients progressively receiving ST
and savings of cost of PICU, Fig. 1.
The Tornado diagram shows the results of one-way

sensitivity analysis, Fig. 2.Expected cost of ST was always
lower than no ST except in three variables: drug cost of
surfactant and daily cost in PICU and PICU length of
stay, Fig. 2. A increase in the total cost of treatment with
ST higher than U$257 per patient, resulted in expected
cost per patient in ST scenario more elevated than no
ST scenario (US$ 259 vs US$ 254), see Fig. 3. When the
PICU length of stay was higher than 9.4 days, also the
expected cost per patient in ST scenario was higher than
no ST and if the daily cost in PICU was higher than US$
266 the expected cost per patient in ST scenario was
higher than no ST, losing also in both cases the savings
generated by the population by the use of ST. In

scenarios where the expected cost per patient or the
PICU length of stay are lower, ST will be cost-saving.

Discussion
Our study suggests that ST is a cost-saving for the
treatment of infant with severe bronchiolitis requiring
mechanical ventilation. The therapy only with humidi-
fied oxygen or adrenaline nebulization without ST
proved to be the most expensive therapy, being asso-
ciated with the highest total cost. Treatment with ST
over four years was cost-saving thanks to the fewer
cost of mechanical ventilation being observed with
this regimen. Compared with the current therapy
without ST, the alternative treatment with MS pro-
vided total cost saving US $ 771.377..
Previous publications have shown that bronchiolitis

has a relevant impact on healthcare resources consump-
tion and related expenditures, especially in severe cases,
and any intervention that reduces the burden of disease
and costs is highly appropriate to any health system [3,
4, 9, 17]. Surfactant is the therapy with the highest level
of expectations due to a positive effect in PICU length of
stay, but still a few evidence in endpoints such as mor-
tality. A recent study shows that the use of porcine Sur-
factant improves oxygenation, P/F ratio, and pH in a
population of children with moderate or severe pediatric
acute respiratory distress syndrome caused by multiple
diseases [18]. In an infant with severe RSV infection, the
administration in mechanically ventilated infants with
acute respiratory failure due to RSV bronchiolitis

Table 4 Budget impact

Overall num patients Num patients treated with ST Cost ST (US$) Cost No ST (US$) Savings (US$) % Savings

Year 1 3851 963 13.747.011 13.824.148 77.138 0,56%

year 2 3882 1941 13.780.599 13.936.124 155.525 1,12%

Year 3 3914 2935 13.813.829 14.049.006 235.177 1,67%

Year 4 3946 3946 13.846.694 14.162.803 316.110 2,23%

Total 15,593 9785 55.188.132 55.972.082 783.950 1,40%

Fig. 1 Savings in pediatric intensive critical unit (PICU) cost
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improves gas exchange and respiratory and shortens the
duration of mechanical ventilation and PICU stay com-
pared with control [6]. Despite that, the duration of
mechanical ventilation was no different in the surfactant
group compared to the control group (mean difference
(MD) -63.04 h, 95% confidence interval (CI) -130.43 to
4.35), there was a trend towards beneficial effects of Sur-
factant [6]. It is possible that with more randomized
controlled trials, this effect could be reached. Also, this
systematic review reported that no adverse

hemodynamic effects (no significant change in heart rate
and blood pressure) and no complications were noted in
the clinical trials included in this publication. We can
conclude, the ST would be a therapeutic option safe,
with positive clinical effects in the PICU length of stay
and in health cost [19].
The total health spending for communicable diseases

in Colombia ranges from $ 70 to $ 80 million annually
[20]. If this drug is adopted within the clinical practice
guidelines, of the total mentioned above, almost 1

Fig. 2 Tornado diagram

Fig. 3 Threshold analysis of cost of surfactant therapy
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million dollars could be saved annually;. Otherwise, the
ST was always the cost-saving strategy in all ranges of
probabilities of requiring mechanical ventilation evalu-
ated. A relevant result was to find a drug cost of the ST
per patient at which this therapy does not cost-saving.
This threshold (US$ 257) can be used as a reference for
the control and regulation of prices in the country. Show
evidence related to the economic impact this drug is es-
sential to policy makers and physician [21] especially in
developing countries where economic evaluation of
drugs and medical devices in pediatric patients are in-
creasing [17, 22–25].
Our study has some limitations. We used retrospective

data reported in a previously cost-effectiveness study,
and this information does not exclude the possibility
that medical invoices were incomplete or missing data.
This study reported that several measures were
employed to ensure data accuracy, including software
with automatic calculation functions and error alerts
and a review of outliers by the research team. Another
limitation in the design was to the assumption of
complete adherence of this therapy, which can reduce
the budget impact of ST. A clinically significant reduc-
tion can be seen with outpatient medications, but with
medications in critically ill patients, high adherence can
be expected.
In conclusion, ST was cost-saving in emergency set-

tings for treating infants with severe bronchiolitis requir-
ing mechanical ventilation. This shift in treatment
approach proved to be economically favorable, reducing
the cost of hospitalization and mechanical ventilation.
This evidence can be used by decision-makers in our
country to improve clinical practice guidelines and
should be replicated to validate their results in other
middle-income countries.
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impact model; PICU: Pediatric intensive care unit
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