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Abstract

The aim of this study was to perform a budget 
impact analysis on the adoption of percutane-
ous occlusion of ostium secundum atrial septal 
defects in the Brazilian Unified National Health 
System. Costs were collected using micro-costing 
technique from medical records for each treat-
ment technique (conventional surgery versus 
percutaneous septal occluder) at a public federal 
hospital specialized in high-complexity cardiol-
ogy. The analysis showed that expenditures as-
sociated with percutaneous occlusion were lower 
than with conventional surgery, and sensitivity 
analysis confirmed the cost reduction in several 
scenarios, showing a significant budget impact 
with a 30% adoption rate for the percutaneous 
occluder (savings of approximately 1.5 million 
dollars per year). The study indicates that the 
adoption of the percutaneous septal occluder 
would mean cost savings of approximately 3.5 
million dollars for the Brazilian public health 
system.

Heart Septal Defects; Septal Occluder Device; 
Biomedical Technology; Thoracic Surgery; 
Health Evaluation

Resumo

O objetivo foi analisar o impacto orçamentário 
da incorporação do oclusor septal percutâneo 
para o tratamento de defeitos do septo atrial do 
tipo ostium secundum, sob a perspectiva do Sis-
tema Único de Saúde brasileiro. Os custos foram 
coletados por microcusteio com base nos regis-
tros das intervenções terapêuticas (cirurgia con-
vencional ou implante percutâneo de oclusor 
septal) realizadas em um hospital público fede-
ral especializado em cardiologia de alta comple-
xidade. A análise identificou que os custos asso-
ciados ao procedimento percutâneo de oclusor 
septal foram inferiores aos relacionados com a 
cirurgia convencional, a análise de sensibilida-
de confirmou a redução dos custos em diversos 
cenários e mostrou que o impacto no orçamento 
foi significativo a partir de uma taxa de incorpo-
ração de 30% do oclusor septal percutâneo pelo 
sistema de saúde (redução dos gastos em torno 
de 1,5 milhão de dólares por ano). O estudo in-
dica que a adoção do implante percutâneo do 
oclusor septal pode representar uma economia 
de aproximadamente 3,5 milhões de dólares pa-
ra o sistema de saúde brasileiro.

Defeitos dos Septos Cardíacos; Dispositivo para 
Oclusão Septal; Tecnologia Biomédica; Cirurgia 
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Introduction

Atrial septal defect (ASD) is a congenital heart 
malformation characterized by a gap between 
the atrial cavities, representing 5% to 10% of con-
genital heart defects, predominantly in females. 
There are four different anatomical forms of atri-
al septal defects: ostium secundum (OS), ostium 
primum (OP), sinus venosus defect (SV), and 
coronary sinus defect (CS).The ostium secun-
dum type has the highest prevalence, accounting 
for approximately 75% of ASD cases 1,2,3. Patients 
are usually asymptomatic during childhood, but 
some symptoms such as dyspnea, fatigue, palpi-
tations, and syncope can occur 4.

The usual treatment for ASD-OS repair in-
cludes conventional surgery or percutaneous 
atrial septal occluder implantation. The decision 
to intervene in ASD is based on clinical and echo-
cardiographic data, including signs and symp-
toms of right heart failure, size and location of the 
defect, magnitude and hemodynamic impacts of 
the left-to-right shunt, and presence and degree 
of pulmonary hypertension 6,7,8.

Conventional surgery is based on classic me-
dian sternotomy under general anesthesia and 
cardiopulmonary bypass, which involves a post-
op period in a surgical intensive care unit and 
approximately seven days of hospitalization. 

Occlusion using percutaneous septal occlud-
er is performed with the patient under general 
anesthesia, supported by transesophageal echo-
cardiography to establish the anatomic dimen-
sions of the ASD and with the patient usually dis-
charged within 48 hours post-procedure 8,9.

A literature review of the last decade shows 
that ASD occlusion using percutaneous septal 
occluder is a safe and effective alternative to con-
ventional surgery and has been preferred for this 
treatment based on the superior results, includ-
ing excellent aesthetic results, less trauma, the 
possibility of avoiding cardiopulmonary bypass, 
reduced length of stay, and low complication 
rates (< 10%) 4,10,11,12.

International organizations have published 
guidelines in recent years indicating percutane-
ous occluder as the procedure of choice for treat-
ment of congenital cardiopathy 4,13. However, 
in Brazil, conventional surgery is still the main 
treatment in hospitals under the Brazilian Uni-
fied National Health System (SUS).

A recently published economic assessment 
using Brazilian databases showed that ASD oc-
clusion with percutaneous septal occluder is 
more cost-effective than conventional surgery 14. 
The current study adds information to the results 
published by Costa et al. 14, aimed at providing 
evidence on the financial impact of adopting 

the percutaneous occluder, for decision-makers 
in the public sector of the Brazilian health care 
system, in order to support the definitive incor-
poration of percutaneous atrial septal occluder 
implant as the procedure of choice and its adop-
tion in public hospitals.

The current study thus aimed to perform a 
budget impact analysis on introduction of the 
percutaneous septal occluder as the first option 
in health technology for the occlusion of ostium 
secundum ASD in the SUS.

Methods

The study estimated the financial impact of the 
incorporation of the percutaneous septal occlud-
er compared to conventional surgery for ostium 
secundum ASD, in order to provide additional 
information to the economic assessment by Cos-
ta et al 14. Data on the efficacy and safety of the 
two procedures were obtained from a previously 
published systematic review 14.

Sample

The budget impact analysis was performed us-
ing the database of a national reference hospital 
specialized in high-complexity cardiology in the 
Brazilian public sector using information from 
medical records collected for five years, includ-
ing one year of follow-up on each patient, com-
plemented with information from the Brazilian 
Ministry of Health and epidemiological data on 
the target population group.

The sample was based on data from the Bra-
zilian Information System on Live Births (SINASC 
− http://www2.datasus.gov.br/DATASUS/index.
php?area=0205, accessed on Oct/2011) of the 
Brazilian Ministry of Health, for 2010, the most 
recent year with available data 1.

Epidemiological data on individuals with 
congenital cardiopathy were obtained from 
Brazilian studies published in the literature 1,2,3. 
Considering that nine out of 1,000 live born in-
fants present congenital cardiopathies, 10% of 
which are ASD, and that 75% of the latter are the 
ostium secundum type, the number of individu-
als with ostium secundum ASD was estimated in 
order to calculate the sample size for each time 
period analyzed 15.

To determine the sample for the analysis, we 
assumed that 75% of patients with ostium secun-
dum ASD present the clinical and/or anatomical 
characteristics making them eligible for treat-
ment using the percutaneous septal occluder 1.
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Costs

The model considered the costs related to the 
two interventions (conventional surgery versus 
percutaneous septal occluder) for each patient 
from hospital admission until discharge.

Costs were analyzed from the perspective of 
the SUS, using data from a public federal hos-
pital specialized in high-complexity cardiology, 
supplemented by information from the Brazilian 
Ministry of Health.

Direct medical costs of the two techniques 
(conventional surgery versus percutaneous sep-
tal occlude implant) were estimated with the 
micro-costing technique, using data from the 
public cardiology reference hospital, considering 
inputs for the procedures recorded on the hos-
pital charts of patients diagnosed with ostium 
secundum ASD enrolled for treatment from 2006 
to 2011, including one year follow-up. During the 
study period, 54 patients were treated with con-
ventional surgery and 49 patients with percuta-
neous septal occluder in the hospital.

Variable costs (supplies and medication) 
were assessed using micro-costing techniques 
to identify the amount and type of each input 
used in the patients’ treatment as recorded on 
medical charts and in hospital inventory sys-
tems. Each input’s price was based on payment 
records for hospital materials obtained in 2012. 
Costs of complications were estimated according 
to differences between the procedure’s average 
cost and the average cost obtained from medical 
charts from patients with complications.

Fixed costs related to the interventions were 
estimated using professional and hospital fees 
for procedures listed in the government reference 
tables (System for Management of Reference 
Prices: Table of Procedures, Medications, and Or-
thotics, Prosthetics, and Special Materials from 
the SUS – SIGTAP, version 1.2.0909141204. http://
sigtap.datasus.gov.br, accessed on Nov/2012) and 
calculated considering the number of procedures 
performed and the length of stay for each patient, 
considering the maximum amounts for transfer 
from SIGTAP and the number of tests performed 
during hospitalization. The amount of payment 
for percutaneous septal occluder under the SUS 
was estimated using the amount reimbursed for 
percutaneous occlusion of ductus arteriosus de-
scribed in the SIGTAP, since the procedure is sim-
ilar to the percutaneous septal occluder, which 
is still under evaluation for incorporation by the 
country’s Unified Health System.

The analysis excluded the costs of post-pro-
cedure complications, due to the low incidence 
documented in the literature and to the relatively 
low costs associated with them, which thus pre-

sented negligible impacts on the initially esti-
mated results.

The amounts in Brazilian Reals (BRL) were 
converted to US dollars (USD) with November 
2012 as the reference period, using the Brazilian 
Central Bank’s official exchange rate.

Data analysis used the R statistical software 
package, version 3.0.1 (The R Foundation for Sta-
tistical Computing, Viena, Áustria; http://www.r-
project.org).

The project was submitted to the Brazil Plat-
form (CAAE: 09842112.3.0000.5272) and assessed 
and approved unanimously by the Institutional 
Review Board of the National Institute of Car-
diology, where data collection was performed. 
Opinion number: 155 223. Conclusion date: 27/
Nov/2012.

Sensitivity analysis 

A sensitivity analysis was performed from simu-
lations generated in the R software (The R Foun-
dation for Statistical Computing, Viena, Áustria; 
http://www.r-project.org), based on estimation 
of distributions of probabilities for the model’s 
variables, resulting from a range of probable 
situations that can cause price variations in the 
inputs, resulting in diverse costs for treatment 
of ostium secundum ASD with conventional sur-
gery versus percutaneous occluder under differ-
ent scenarios. Changes were simulated accord-
ing adoption rates for the percutaneous septal 
occluder.

Results

Costs associated with the percutaneous septal 
occluder (U$8,206.06) were lower than with con-
ventional surgery (U$10,701.80), excluding costs 
with complications (Table 1).

Annual budget impact was estimated, based 
on 25% of cases of ostium secundum ASD treat-
ed with conventional surgery and the remaining 
75% with percutaneous septal occluder (Table 2).

Budget impact analysis indicated that ap-
proximately 17.5% of expenditures on treatment 
of 75% of patients diagnosed with ASD-OS would 
be attributable to incorporation of the percuta-
neous occluder by the Unified Health System, 
when compared to maintaining conventional 
surgery as the only treatment option. This rep-
resents a potential annual savings of more than 
3.5 million dollars in health expenditures by the 
Brazilian public healthcare sector (Table 3).

Sensitivity analysis with Monte Carlo simula-
tions confirmed the cost reduction under several 
scenarios, especially considering an increase in 
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Table 1

Costs related to conventional surgery versus percutaneous septal occluder for ostium secundum atrial septal defect (ASD-OS). Brazil, 2012.

Inputs Surgery

Amount Total cost (BRL) Total cost (USD)

Atrial septal occlusion (8 days) 11,912.27 5,782.66

Auto-transfusion set 2 228.92 111.13

Peripherally inserted central catheter 1 198.00 96.12

Double-lumen central venous catheter 2 194.96 94.64

Centrifugal pump 1 729.56 354.16

Echocardiogram 8 319.52 155.11

Electrocardiogram 8 41.20 20.00

Electrode for temporary epicardial pacemaker 2 57.78 28.05

Extracorporeal circulation monitoring 60.00 29.13

Extracorporeal circulation set 2 3,463.26 1,681.19

Complete blood count 8 32.88 15.96

Medication and other medical supplies 4,551.15 2,209.30

Organic patch 2 180.20 87.48

X-ray 8 76.00 36.89

Overall cost of surgery 22,045.7 10,701.80

Overall cost of complications 10,38.28 504.02

Inputs Percutaneous septal occluder

Amount Total cost (BRL) Total cost (USD)

Transthoracic echocardiogram 1 39.94 19.39

Transesophageal echocardiogram 1 165.00 80.10

Catheter (guide for percutaneous transluminal 

angioplasty)

2 390.90 189.76

Steerable guidewire for angioplasty 2 390.90 189.76

Release set of interatrial prosthetics 1 2,700.00 1,310.68

Prosthetics for ASD occlusion 1 11,950.00 5,800.97

Ductus arteriosus percutaneous occlusion (1.5 days) 787.86 382.46

Medication and other medical supplies 479.89 232.96

Overall cost of percutaneous septal occluder 16,904.49 8,206.06

Overall cost of complications  421.02 204.38

the adoption of the percutaneous septal occlud-
er as standard treatment for ASD-OS. The esti-
mated scenarios showed that the budget impact 
was significant with a 30% adoption rate of the 
percutaneous occluder in the health system (an 
annual spending cut of some 1.5 million dollars), 
but the most likely scenario (60% adoption rate 
of percutaneous occluder) would represent an 
annual cost reduction of approximately 3.0 mil-
lion dollars (Figure 1).

The sensitivity analysis indicated mainte-
nance of the cost reduction, considering signifi-
cant variations in the price of the percutaneous 
occluder device (with the most likely scenario 
suggesting an estimated annual spending cut 

of approximately 2.5 million dollars on ASD-OS 
treatment) and of conventional surgery (with the 
most likely scenario indicating an estimated an-
nual spending cut on ASD-OS treatment of some 
7.3 million dollars).

Summarizing the evidence from the budget 
impact analysis, considering variations in the 
cost of surgery versus percutaneous occluder 
with different adoption rates, the results remain 
positive for the adoption of percutaneous septal 
occluder (Figure 2), showing that the most likely 
scenarios range from zero to 19.0 million dollars 
annual reduction in health expenditures due to 
use of the percutaneous occluder for treating 
ASD-OS.
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Table 2

Estimated number of patients with ASD-OS and sample size calculation. Brazil, 2010-2015.

Period Live births Congenital 

cardiopathy

ASD ASD-OS Percutaneous 

occluder patients

2010 2,861,868 25,757 2,576 1,932 1,449

2011 2,846,731 25,621 2,562 1,932 1,442

2012 2,835,108 25,516 2,552 1,914 1,436

2013 2,826,183 25,436 2,544 1,908 1,431

2014 2,819,330 25,374 2,537 1,903 1,427

2015 2,814,067 25,327 2,533 1,900 1,425

ASD: atrial septal defect; ASD-OS: atrial septal defect ostium secundum. 

Source: Information System on Live Births, 2010. http://www2.datasus.gov.br/DATASUS/index.php?area=0205,  

accessed on Oct/2011).

Table 3

Budget impact analysis of surgery versus percutaneous septal occluder. Brazil, 2010-2015.

Year 100% patients with 

conventional surgery

25% patients with 

conventional surgery

Difference

75% patients with 

percutaneous septal occluder

2010 20,675,870.10 17,059,552.97 -3,616,317.13

2011 20,568,852.14 16,971,253.00 -3,597,599.13

2012 20,483,237.77 16,900,613.03 -3,582,624.73

2013 20,419,026.99 16,847,633.05 -3,571,393.94

2014 20,365,518.01 16,803,483.07 -3,562,034.94

2015 20,333,412.62 16,776,993.08 -3,556,419.54

Discussion

The study discussed the budget impact associ-
ated with the cost of incorporating a new tech-
nology in the SUS for treatment of patients with 
ostium secundum atrial septal defect (ASD-OS). 
Percutaneous septal occluder has been deployed 
in the last three decades as an alternative method 
for treating ASD-OS and is considered safe and 
effective when compared to conventional sur-
gery 16.

Furthermore, percutaneous septal occlusion 
offers several benefits over conventional surgery, 
avoiding physical trauma and risks associated 
with extracorporeal circulation, blood transfu-
sions, and increased length of hospital stay 17.

Other advantages associated with intangible 
costs are probably underestimated, such as the 
reduction in psychological risks related to the 
surgical scar and trauma from hospitalization 

(particularly in the case of children) 17. In other 
words, the main benefits of percutaneous occlu-
sion are still difficult to measure, although they 
are particularly important to patients.

Percutaneous occlusion offers a lower prob-
ability of complications, since it is less invasive 
than surgery. Percutaneous septal occluder is al-
so associated with reduced length of hospital stay 
(1.5 days = U$382.46) when compared to conven-
tional surgery (8 days = U$5,782.66). The price of 
the occluder device is more than offset within the 
procedure’s overall cost due to the clinical and 
psychological advantages for the patient.

Kim & Hijazi 18 showed a substantial cost re-
duction resulting from shorter length of stay and 
less time in the intensive care unit (ICU) when 
comparing percutaneous septal occluder to con-
ventional surgery, corroborating our results. 

One of the main barriers to incorporation of 
the percutaneous septal occluder is the high price 
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Figure 1

Sensitivity analysis of budget impacts from the adoption of percutaneous septal occluder. Brazil, 2010-2015.

of the device in Brazil. Considering that adoption 
of the device by the Brazilian public healthcare 
system may increase the scale of its use and thus 
lower the cost, our budget impact analysis may 
actually have underestimated the potential gains 
from more widespread use of percutaneous oc-
clusion for patients with ASD-OS in Brazil.

The incorporation of health technologies by 
the SUS is usually associated with high demand 
and increased costs, resulting in a significant ad-
verse budget impact on the public sector. How-
ever, the percutaneous septal occluder showed 
a cost reduction, thus increasing the economic 
efficiency and improving access for patients with 
ASD-OS.

Percutaneous occlusion also requires less 
in terms of infrastructure and human resourc-
es when compared to conventional surgery 
(which requires an operating room and intensive  
care unit).

However, percutaneous occlusion must be 
performed by skilled and trained surgeons, that 

is, respecting the learning curve associated with 
the procedure’s adoption and the need for ter-
tiary healthcare services in order to minimize 
the risks associated with any medical interven-
tion. Considering Brazil’s geographic size and 
socioeconomic diversity, ASD-OS patients would 
probably receive better treatment in tertiary 
healthcare organizations that handle high-com-
plexity procedures and are adequately prepared 
to perform percutaneous septal occlusion.

Conclusion

The current study indicates that adoption of the 
percutaneous septal occluder could result in sav-
ings of approximately 3.5 million dollars for the 
Brazilian public healthcare system. ASD-OS oc-
clusion with the percutaneous septal occluder 
proved to be a safe and less invasive technique, 
with such advantages as shorter length of stay, 
reduced trauma, and fewer complications when 
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Figure 2

Budget impact analysis according to simulated scenarios. Brazil, 2010-2015.

compared to surgery (the latter requiring blood 
transfusions, extracorporeal circulation, and 
immediate post-op follow-up in the intensive  
care unit).

The budget impact analysis was conducted 
as an addition to the economic assessment per-
formed by Costa et al. 14, showing that the percu-
taneous septal occluder was significantly more 

effective and less costly when compared to con-
ventional surgery from the perspective of SUS.

The aim of the authors was to provide input 
for public health sector decision-makers in order 
to support the definitive incorporation of percu-
taneous septal devices by the Brazilian health-
care system and its adoption by hospitals in the 
public sector.
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Resumen

El estudio consistió en analizar el impacto presupuesta-
rio de la implementación del oclusor septal percutáneo 
para el tratamiento de defectos del tabique auricular 
del ostium secundum, desde la perspectiva del Sistema 
Único de Salud. Los costes incluidos en el modelo por la 
técnica de micro-coste se obtuvieron de los registros de 
las intervenciones terapéuticas (cirurgía convencional 
u oclusor septal percutáneo) en un hospital público fe-
deral, especializado en cardiología de alta complejidad. 
El análisis reveló que los costos asociados con el oclusor 
septal percutáneo fueron más bajos que los asociados 
con la cirugía convencional, un análisis de sensibilidad 
confirmó la reducción de costos en diferentes escenarios 
y mostró que el impacto fue significativo desde una tasa 
del 30% de incorporación del oclusor septal percutáneo 
por el sistema de salud (reducción en el gasto de alre-
dedor de 1.5 millones de dolares por año). El estudio 
indica que la adopción del implante percutáneo del 
oclusor septal puede representar un ahorro de aproxi-
madamente 3,5 millones de dólares anuales al sistema 
de salud brasileño.

Defectos de los Tabiques Cardíacos; Dispositivo Oclusor 
Septal; Tecnología Biomédica; Cirurgía Torácica;  
Evaluación en Salud
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