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OBJECTIVES: In Brazil, descending thoracic aorta disease, including aneurysms and dissections, is managed
preferentially by endovascular treatment, owing to its feasibility and good results. In this study, we analyzed
endovascular treatment of isolated descending thoracic aortic disease cases in the Brazilian public health system
over a 12-year period.

METHODS: Public data from procedures performed from 2008 to 2019 were extracted using web scraping
techniques to assess procedure type frequency (elective or urgency), mortality, and governmental costs.

RESULTS: A total of 5,595 procedures were analyzed, the vast majority of which were urgent procedures
(61.82% vs. 38.18%). In-hospital mortality was lower for elective than for urgent surgeries (4.96 vs. 10.32%,
p=0.008). An average of R$16,845.86 and R$20,012.04 was paid per elective and emergency procedure,
respectively, with no statistical difference (p=0.095).

CONCLUSION: Elective procedures were associated with lower mortality than urgent procedures. There was no
statistically significant difference between elective and urgent procedures regarding costs.
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’ INTRODUCTION

Thoracic aortic disease (TAD) encompasses aneurysms and
acute aortic syndromes (dissections, intramural hematomas,
and penetrating atherosclerotic ulcers). Aneurysms, the most
frequent presentation, are localized permanent dilatations
covering X50% of an artery’s diameter (1–3); the thoracic
aortic size thresholds for elective repair indication are
determined by the dilation location and underlying etiology
(4). Current guidelines recommend surgical repair from a
5.5-cm diameter for idiopathic or sporadic dilatations, and
a lower threshold of 5 cm in case of Marfan syndrome or a
familial thoracic aortic aneurysm (5). While thoracic aortic
aneurysms are typically asymptomatic, acute types usually
present with acute chest or back pain (4).

Population studies published in the late 20th century
reported an incidence of thoracic aorta aneurysms (TAAs)
from 5.9 to 10.4 per 100,000 person-years (6,7) and aortic
dissection from 2.9 to 4 per 100,000 person-years (8–11).
However, improvements in imaging technology and a
higher quotient of older patients have affected these rates,
with reported rates as high as 24.4 per 100,000 persons in
2016 (12). In autopsies, the prevalence of descending TAAs
was estimated at 3% (4). Specifically, one retrospective
analysis of tomographs in Brazil found a 1.08% TAA pre-
valence (13).
Therapeutic alternatives vary according to the aortic

disease location. When the aortic root, ascending aorta, and
arch are affected, repair is usually performed via median
sternotomy with cardiopulmonary bypass (4). For isolated
descending TAD (I-DTAD), options include open surgical
repair and endovascular treatment (TEVAR). Since a tech-
nological transition in Brazil was first observed in the early
2000s (14), most groups have focused on endovascular repair
for TAD, with open surgeries representing a small portion of
all cases.
Most information on TAA incidence and outcomes is based

on noncurrent studies with limited sample sizes or time
intervals and results from specialized centers or predating the
widespread use of modern imaging modalities (15). However,DOI: 10.6061/clinics/2021/e2890
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real-life scenario information is of higher and paramount
importance in guiding public health resources.
To the best of our knowledge, only one large-scale study,

which evaluated procedures performed by the public health
system from 2008 to 2018, has been published in Brazil with
respect to I-DTAD management; however, it was focused on
the city of São Paulo (16). For this reason, in this study, we
aimed to evaluate the endovascular management of I-DTAD,
encompassing all procedures performed in the public health
system from 2008 to 2019, assessing procedure type fre-
quency (elective or urgency), mortality, and governmental
costs. This is the first study of its type published in Brazil
encompassing nationwide data.

’ METHODS

This study was approved by the institution’s ethics
committee under protocol 35826320.2.0000.0071.
Public data concerning endovascular surgeries for I-DTAD

repair performed from 2008 to 2019 were extracted from
the DATASUS portal, which is a digital platform, although
the Brazilian government provides open data relating to
procedures performed under the public health system in
accredited hospitals. Institutional accreditation is a prerequi-
site for receiving government payment for the performed
procedures. All the data were appropriately de-identified.
Our search was conducted on November 15, 2020. We did
not include thoracoabdominal procedures.
Data referring to endovascular treatment procedures for

I-DTAD from 2008 to 2019 were selected from the platform,
along with information regarding procedure technique,
in-hospital mortality, and cost. Reported values refer to
hospitalization costs, including those for surgical devices.
Procedures were identified using the Brazilian Public Health
System Protocol of Procedures and Medicines code for
endovascular aneurysm or thoracic aortic dissection repair
with a straight/conical stent graft (code: 04.06.04.017-6).
Unfortunately, the system coding for both the diagnosis
(International Classification of Diseases, Tenth Revision) and
treatment procedure (procedural coding) are superimposed
for aneurysms and dissections, rendering the separation of
cases infeasible. It is also not possible to exclude the codes for
congenital diseases, which should account for a very small
proportion of the evaluated cases.
The selected cases were classified as either elective, which are

patients undergoing surgery on an elective basis, or urgent,
which are patients needing urgent hospital admissions.
An automated web scraping method was used for data

collection. The codes employed were programmed in Python
(v2.7.13; Beaverton, OR, USA) using the Windows 10 Single
Language operating system. Field selection in the DATASUS
platform and posterior table adjustment were performed
using Selenium WebDriver packages (v3.1.8; Selenium HQ,
various contributors worldwide) and pandas (v2.7.13;
Lambda Foundry, Inc. and PyData Development Team, NY,
USA). All data were organized into Microsofts Office Excel
2016 (v16.0.4456.1003; Redmond, WA, USA) spreadsheets
after collection and treatment.

Statistical analysis
Trends in the distribution of procedure techniques were

evaluated using the chi-square test. Mortality rates and

average costs of the two groups were compared using the
Mann-Whitney test.

The level of statistical significance was set at po0.05.

’ RESULTS

A total of 5,595 endovascular procedures were performed
by the Brazilian public health system from 2008 to 2019 for
I-DTAD correction.

Table 1 depicts the number and frequency distributions
of the procedures. Urgency procedures were more frequent
in all evaluated years (61.82% vs. 38.18%), and a trend test
indicated an inclination towards an increase in urgent pro-
cedures and a decrease in elective procedures throughout the
years (po0.001).

Mortality per procedure type per geographic region is
shown in Table 2. There were 432 in-hospital deaths (general
mortality rate, 7.72%). In-hospital mortality was lower for
elective procedures (4.96% vs. 10.32%, p=0.008).

The government costs are shown in Table 3. A total of
R$102,005,373.62 was paid for all procedures. Elective and
urgent procedures were paid an average of R$16,845.86 and
R$20,012.04 (18.79% higher), respectively, which was not a
statistically significant difference (p=0.095).

’ DISCUSSION

An automated method using web scraping codes was
devised by our Institution’s Informatics Department for data
gathering, as a manual method, although technically feasible,
would have been rather burdensome. All information was
retrieved from the public governmental platform DATASUS.
However, information sourced from an administrative
database instead of medical records is not exempt from
coding errors. Additionally, the coding system may permit
a certain ambiguity of codes for procedures employed
for different diseases, and since the diagnosis cannot be
tracked from the de-identified database, exclusion of un-
wanted cases is not possible. However, because of the bulk
of cases, only a small portion of collected data was incor-
rectly considered.

Brazil had an estimated 211,755,692 inhabitants in 2020
(17). As of June 2020, over 75% of them have been solely

Table 1 - Absolute and relative frequency of elective and urgent
procedures for thoracic aorta aneurysms from 2008 to 2019.

Elective Urgency

p*n % n % Total

2008 160 43.72 206 56.28 366 o0.001
2009 195 44.42 244 55.58 439
2010 204 45.03 249 54.97 453
2011 168 41.38 238 58.62 406
2012 171 40.43 252 59.57 423
2013 239 45.01 292 54.99 531
2014 223 42.72 299 57.28 522
2015 183 35.81 328 64.19 511
2016 188 36.94 321 63.06 509
2017 145 27.72 378 72.28 523
2018 148 29.54 353 70.46 501
2019 112 27.25 299 72.75 411
Total 2,136 38.18 3,459 61.82 5,595

*trend chi-square test.
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dependent on the tax-funded governmental system called
Sistema Único de Saúde (SUS), whereas 24.1% have
benefited from private supplementary healthcare, either
individually financed or maintained by an employer (18).
The worldwide incidence of thoracic aortic aneurysms is

estimated at 5.6 to 10.4 cases per 100,000 patient-years (7,19).
Although large population studies are scarce, a nationwide
analysis in Sweden found an annual TAD incidence of 16.3
per 100,000 males and 9.1 per 100,000 females (15). In a
survey of the Manitoba province in Canada, the age-stand-
ardized TAD incidence increased from 16.8 per 100,000
persons in 1998 to 24.4 per 100,000 persons in 2016 (12). If the
worldwide estimation is applied to the approximate popula-
tion dependent on the Public Health System in Brazil in the
year 2020 (17,18), 9,000–16,715 new TAAs are expected
annually. However, the yearly average of operated patients
was 466.25, representing approximately 2.78–5.18% of expec-
ted diagnostics. Assessment of the population of São Paulo
showed that 20–40% of expected TAAs were covered under
the yearly average rates for treatment (16). Despite the
inability to establish the proportion of diagnosed cases with
indisputable surgical indications from the database, as well
as the absence of exact data regarding the mortality rates of
unoperated I-DTAD in Brazil, the determined intervention
rate is lower than expected.
This evaluation is relatively limited because open surgeries

for TAD were not included in this analysis. Although the
benefit of TEVAR cannot be definitively established because of
the lack of randomized controlled trials (20–24), the endovas-
cular technique is a less complex method with good results in
terms of early mortality and complications, whereas conven-
tional repair usually requires a more complex intraoperative
and postoperative hospital structure (4). For this reason, since
the late 1990s and the early 2000s, most groups in Brazil who
treat I-DTAD focus on endovascular repair procedures, which
are fully covered by the public health system.
The operation delay for cases in which surgical correction

is unequivocally indicated may incur rupture and death (23).
It is reasonable, therefore, to assume that well-structured
systems should present a majority of elective procedures,
as opposed to urgent ones. This was not the case in the
Brazilian territory, as urgent procedures have been more
common (61.82%) and more frequent annually, with a grow-
ing tendency to surpass elective procedures (Table 1). The
literature suggests that elective procedure rates worldwide
vary between 68.4% and 80% (25–28). The inversion of this
standard in Brazil may indicate the need for greater invest-
ment in public care regarding TAD screening in patients at
a greater risk (for instance, those with abdominal aortic
aneurysms or smokers aged 450 years) to try and enhance
detection while the patient remains asymptomatic. Conver-
sely, in selected cases, patients may be considered unfit for
elective surgery at diagnosis, being operated only if sympto-
matic in an urgent scenario. Because our information is
de-identified, thereby indicating a void of such particula-
rities, the proportion of cases in which this may have hap-
pened is unknown.
The in-hospital mortality rate was higher for the urgent

procedures (10.32% vs. 4.96%, p=0.008), according to data
from the North American National Inpatient Sample, in
which elective surgery was protective against inpatient
mortality (OR, 0.76; 95% CI, 0.58–0.99; p=0.042) (25). The
elective group mortality rate (4.96%) was similar to that in a
series of other studies (29), although some included moreTa
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complex aneurysms in the study samples, reinforcing the
advantage of operating while patients remain asymptomatic.
Governmental investment was not statistically diffe-

rent between groups (R$16,845.86 per elective case vs.
R$20,012.04 per urgency case, p=0.095). However, this
analysis is based on the SUS reimbursement values, which
are often subpar with the actual hospital procedural cost. In
addition to the fact that early mortality with short hospital
stays may homogenize values between groups, the cost
analysis may be somewhat undermined.
Although some authors found that endovascular correc-

tion was advantageous in terms of quality-adjusted life-years
gain (30), a study by Arnaoutakis et al. conducted at the
Johns Hopkins Hospital reported that TEVAR did not signi-
ficantly reduce overall hospital charges, specifically because
of device costs (31).

Limitations
As is common with other retrospective analyses, our study

is limited by the loss of patient information. Because the
database only compiled data from accredited hospitals listed
in the DATASUS databank, data loss certainly occurred,
especially in the emergency scenario. Additionally, a fraction
of procedures for aortic trauma, rather than atherosclerotic
degeneration, may have been inadvertently included.
Since very few institutions in Brazil focus on conventional

TAD repair, the frequency of these procedures bore no
analytical importance, hence they were not included.
Several other limitations were derived as consequences of

the anonymized databank information. First, patient follow-
up is not possible, and all mortality data referred exclusively
to in-hospital deaths, rendering this study unable to
contribute information with respect to long-term mortality
rates. Second, we were also unable to provide input
regarding the need for reinterventions (which are relatively
more frequent in the context of endovascular procedures).
Despite its limitations, this study provides a comprehen-

sive analysis of the public health systeḿ s management of
TAD in one of the largest low- and middle-income countries
of the world, encompassing a 12-year interval and over 5,595
procedures, granting a representational assessment of a real-
world sample of I-DTAD patients.

’ CONCLUSION

In the Brazilian Public Health System, a total of 5,595
procedures were performed for the correction of I-DTAD
over a period of 12 years. Urgent procedures were vastly
more frequent and incurred a higher mortality rate than

elective procedures. There was no significant difference in
reimbursements between urgent and elective procedures.
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