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What this article adds. This nationwide study analyzes 1,266,550 varicose vein
surgeries performed between 2015 and 2023 across the Brazlian population, including
those treated within the Brazlian Unified Public Health System (SUS), which serves over
160 million people, and the Private Health System (PHS), which covers 51 million
individuals. The procedure rate averaged 3.7 surgeries per 10,000 inhabitants per year
in the SUS and 14.8 per 10,000 in the PHS. The overall average cost per procedure was
BRL 1,240.92, with expenditures in the PHS being 3.15 times higher than in the SUS.
The recorded in-hospital mortality rate in the SUS was 0.005%. This represents the
largest dataset on varicose vein surgeries to date, providing real-world evidence to
support clinical decision-making and healthcare policy devel opment.

2. Abstract

Objectives: To evaluate the total number of surgical procedures for varicose vein
treatment performed within the Brazilian Unified Public Health System (SUS) and the
Private Health System (PHS) between 2015 and 2023 and to analyze their differences
regarding the number of procedures over time, financial investments, and in-hospital
mortality rates.

Materials and Methods. Data on varicose vein surgeries performed between 2015 and
2023 were extracted from the SUS database and the procedural code table provided by
the National Supplementary Health Agency (ANS), which reports procedures conducted
within the PHS in Brazil. The data included geographic region, number of procedures
performed, in-hospital mortality (reported only by SUS), and the amount invested by the
government and private health insurance providers.

Results: A total of 1,266,550 varicose vein surgeries were performed in both public and
supplementary healthcare systems in Brazil between 2015 and 2023, with an average
surgery rate per 10,000 inhabitants per year of 3.7 in SUS and 14.8 in PHS. The tota
financial investment amounted to BRL 1,492,310,372.13, with an overall average cost
per procedure of BRL 1,240.92. The mean cost per procedure in SUS was BRL 679.50,
whereas in PHS, it was BRL 1,632.60—approximately 3.15 times higher than in SUS. A
total of 29 in-hospital deaths were recorded in SUS after varicose vein surgery,
representing an overall mortality rate of 0.005%.

Conclusions: A total of 1,266,550 surgeries were performed between 2015 and 2023 for
chronic venous disease treatment, with arate of 6.5 procedures per 10,000 inhabitants per
year. In the PHS system, the number of surgeries was four times higher than in SUS,
considering the number of procedures per 10,000 inhabitants. The total investment in
PHS was 3.15 times greater than in SUS, with an estimated average cost per procedure of
BRL 1,632.60. The observed in-hospital mortality rate in SUS was 0.005%.
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3. Keywords:. varicose veins, big data, epidemiology

4. |ntroduction

Chronic Venous Disease (CVD) is a common and progressive condition that poses a
significant public health challenge (1,2). It affects the quality of life for many individuals
and generates substantial medical costs. (3,4) It is estimated that over 50% of the
population may be affected by CVD, particularly older adults. The disease is associated
with worsening outcomes, including venous ulcer development, which can lead to
increased morbidity and socioeconomic productivity losses. (5-7)

Complications of CVD include deep vein thrombosis (DVT) (1) and variced
hemorrhage, both of which can be life-threatening. (8,9) The economic impact is
considerable, contributing to productivity loss and early retirement. In the United States,
annual costs exceed $3 hillion, highlighting this disease's financial and social burden.
(10)

Surgical treatment options for CVD include traditional methods (ligation and stripping)
and minimaly invasve techniques, which have shown high efficacy and cost-
effectiveness. (11-13) Despite their overall safety, some complications can arise,
including hemorrhage, deep vein thrombosis, and pulmonary embolism. (13-15) In
developed countries, the 30-day postoperative mortality rate is low, estimated at less than
0.02%, according to national registries. (16-18)

In Brazil, a study conducted by Silva et a. analyzed data from the Unified Public Health
System (SUS) (public healthcare system) from 2008 to 2019, documenting 869,220
procedures for CVD treatment. (19) The mortality rate was 0.0056%, and the total costs
exceeded $232 million. Currently, approximately 75% of the Brazilian population relies
exclusively on SUS, while 25% primarily access the private healthcare sector. (19)

At the time of Silva et al.'s publication, data on procedures performed in the private
healthcare sector (PHS) were unavailable, resulting in the exclusion of 25% of the
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population from the analysis. Consequently, real-world data that includes the entire
Brazilian population and comparative studies between the public and private healthcare

systems for these procedures have not been reported.

However, data on procedures conducted in the PHS have recently become publicly

available, covering interventions conducted between 2015 and 2023.

This study aims to retrospectively analyze surgical procedures performed in both the
public and private healthcare systems to treat CVD from 2015 to 2023. By examining an
estimated population of 210 million Brazilians, the study compares the two systems in
terms of procedural volume, costs, patient characteristics, and temporal trends. The
findings will provide comparative data to support the development of effective strategies

for CVD management in Brazil.

5. Materialsand Methods

All surgical procedures for the treatment of chronic venous insufficiency performed
within SUS and the PHS were analyzed.

This research was approved by the institution's Ethics Committee, which is responsible
for its conduction. All data obtained from DATASUS, TabNet, and the PHS (D-TISS)
were de-identified, ensuring participant anonymity. As a result, the Institutional Review
Board (IRB) granted awaiver for informed consent.

Data were retrieved from TabNet, a public health information tool developed by
DATASUS, part of the Department of Informatics and data from SUS under the Brazilian
Ministry of Health, as well as from the supplementary healthcare system platform.
TabNet provides open-access data on procedures conducted within SUS, which are
reported by accredited hospitals and outpatient clinics. Accreditation and data reporting
are mandatory for government reimbursement of these procedures.
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The supplementary healthcare system platform (D-TISS), is managed by the National
Supplementary Health Agency (ANS) and provides open-access data on procedures
conducted within this sector.

Data on vascular surgical procedures for the trestment of CVD was collected from the
TabNet and D-TISS platforms, covering the period from 2015 to 2023. The collected data
included geographic region, the number of procedures performed, in-hospital or
outpatient mortality (for SUS only), and the financial investments made by both SUS and
PHS.

For data extraction within SUS, two procedure types were evaluated according to the
coding system established by the SUS Procedure, Medicine, and OPM Management
System (SIGTAP): bilateral surgical treatment for CVD (04.06.02.056-6) and unilateral
surgical treatment for CVD (04.06.02.057-4).

Data collection for the SS sector was obtained from the D-TISS Data Panel, published by
ANS, and procedures were analyzed according to the PHS coding system, which
includes: Surgical treatment of varicose veins with lipodermatosclerosis or ulcer
(30907101); Surgical treatment of varicose veins in both limbs (30907136); Surgical
treatment of varicose veins in one limb (30907144); Resection of collateral veins under
local anesthesiain an outpatient setting (30907152).

Data on annual average and total accumulated inflation between 2015 and 2023 (5.3%
and 59.3%, respectively) were obtained from the Brazilian Institute of Geography and
Statistics (IBGE) to analyze financial investmentsin SUS and PHS. (20)

All data were collected from publicly accessible websites using automated web scraping
programs. The automation scripts were developed in Python (v. 2.7.13, Beaverton, OR,
USA) using the Windows 10 Single Language operating system. Data collection, field
selection within the platform, and table adjustments were performed using the selenium-
webdriver (v. 3.1.8, Selenium HQ, global contributors) and pandas (v. 2.7.13, Lambda
Foundry, Inc. & PyData Development Team, New York, NY, USA) packages. The
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Mozilla Firefox browser (v. 59.0.2, Mountain View, CA, USA) and geckodriver (v.
0.18.0, Mozilla Corporation, Bournemouth, UK) were used for web navigation.

After collecting and processing the data, all information was organized and compiled into
a spreadsheet using Microsoft Office Excel 2016® (v. 16.0.4456.1003, Redmond, WA,
USA).

Statistical Analysis

Linear regression was used to assess trends in the distribution of procedures across
Brazilian regions over time, as well as their associated costs. An unpaired Student's t-test
was conducted to compare quantitative variables, including the number of procedures,
financial investments, and patient age in SUS and PHS. Categorical variables were
analyzed using the Chi-square test to compare distributions between SUS and PHS.
Statistical significance was set at p < 0.05.

6. Results

Between 2015 and 2023, 1,266,550 surgical procedures were performed to treat CVD in
public and private hospitals in Brazil. The number and frequency of CVD surgeries over
the years are presented in Table 1. The PHS accounted for 57% of all CVD procedures
performed in Brazil during this period. Throughout the years, the PHS consistently
performed a higher percentage of surgeries than SUS, except in 2018, when both systems
conducted an equal share of 50% of procedures.

Table 1 - Absolute and relative values of the number of procedures performed to treat varicose
veinsin the SUS and the PHS between 2015 and 2023.

SUS PHS Total

Ano n (%) n (%)

2015 69,114 44% 88,162 56% 157,276
2016 68,885 47% 77,980 53% 146,865
2017 67,131 44% 84,617 56% 151,748
2018 75,125 50% 76,148 50% 151,273
2019 68,726 44% 86,499 56% 155,225
2020 28,564 37% 47,912 63% 76,476
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2021 25,598 30% 60,509 70% 86,107
2022 55,521 38% 90,901 62% 146,422
2023 68,190 44% 86,968 56% 155,158
Total 526,854 43% 699,696 57% 1,226,550

US Unified public health system; PHS. private health system.

The digtribution of procedure rates per 10,000 inhabitants is illustrated in Figure 1. The
rates for public healthcare were calculated based on the population that exclusively relies
on the public system (75% of the Brazilian population). In contrast, the rates for the PHS
procedures were based on the population primarily using private healthcare (25% of the
Brazilian population). Overall rates were estimated using the total Brazilian population,
as the Brazilian Institute of Geography and Statistics (IBGE) reported during the
analyzed period.(21)

The average rate in the public healthcare system was 3.7 CVD surgeries per 10,000
inhabitants annually. In the PHS, this rate was significantly higher, at 14.8 surgeries per
10,000 inhabitants, which isfour times greater than of the public system (p<0.05).

A considerable decline in surgeries was noted in 2020 and 2021. Compared to 2019, there
was a decrease of 58.75%, 45%, and 51.10% in the number of CVD procedures
performed in the public, private, and overall populations, respectively. There was not a
significant trend toward an increase or decrease in the number of CVD procedures. The
recorded data from the SUS (p = 0.185), PHS (p = 0.515), and total (p = 0.286) did not
demonstrate statistically significant temporal trends.
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Figure 1 - Distribution of procedures performed per 10,000 inhabitants among exclusive SUS users,
supplementary health users, and the general population. SUS. unified public health system; PHS
private health system.

The total financial investments for each healthcare system are shown in Table 2. The

combined expenditures by the government and private health insurers from 2015 to 2023
amounted to R$ 1,492,310,372.13. The public healthcare system alocated R$
359,539,892.13 for CVD treatment procedures, while private insurers spent R$
1,132,770,480.00—3.15 times more than the public system (p<0.05) (Figure 2).

Table 2 - Investments made in SUS and supplementary health procedures between 2015 and

2023.
Sus PHS Total
Y ear Value (%) Average Value (%) Average Value Aver age
2015 R$ 51,511,581.77 34% R$ 74531 R$ 99,683,770.00 66% R$ 113069 R$ 151,195351.77 R$ 961
2016 R$ 39,004,92995 27% R$ 56623 R$ 10541654000 73% R$ 1,351.84 R$ 14442146995 R$ 983
2017 R$ 40,262,49252 24% R$ 599.76 R$ 126,048500.00 76% R$ 1,489.64 R$ 166,310,992.52 R$ 1,095.
2018 R$ 4993054278 30% R$ 66463 R$ 117,684370.00 70% R$ 154547 R$ 167,614,912.78 R$ 1,108.
2019 R$ 4392247920 23% R$ 63910 R$ 145207,32000 77% R$ 1,678.72 R$ 189,129,799.20 R$ 1,218
2020 R$ 17,519,737.59 17% R$ 61335 R$ 86,045320.00 83% R$ 179590 R$ 10356505759 R$ 1,354
2021 R$ 17,71519556 13% R$ 69205 R$ 115879,340.00 87% R$ 191508 R$ 13359453556 R$ 1,551
2022 R$ 39,845500.76 19% R$ 71767 R$ 174,198,700.00 81% R$ 1,916.36 R$ 214,044,200.76 R$ 1,461
2023 R$ 59,827,432.00 27% R$ 877.36 R$ 162,606,620.00 73% R$ 1,869.73 R$ 222,434,052.00 R$ 1,433
Total R$359,539,892.13 24% R$ 67950 R$ 1,132,770480.00 76% R$ 163260 R$ 1,492310,372.13 R$ 1,240
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US Unified public health system; SS. Private health system.

The average annual expenditure per procedure in Brazil was R$ 1,240.92. In the PHS, the
annual cost per procedure was R$ 1,632.60, which was 2.4 times higher than the cost in
the public system, which averaged R$ 679.50 (p<0.05).

Annual expenditures for CVD treatment procedures progressively increased over the
years. In the public healthcare system, no significant growth was observed, and the per-
procedure costs did not adjust adequately for the accumulated inflation rate (2023 value:
R$ 877.36 vs. inflation-adjusted value: R$ 1,187.35) (p = 0.131). Conversealy, PHS
expenditures demonstrated linear growth, dightly below the inflation-adjusted value
(2023 values R$ 1,801.30 vs. inflation-adjusted value R$ 1,876.94) (p<0.05),
contributing to the overall increase in CVD surgery-related costsin Brazil (p<0.05).

R$2,500.00
R$2,000.00
R$1,500.00

R$1,000.00

R$-
2015 2016 2017 2018 2019 2020 2021 2022 2023

——SUS PHS —#&—Total

Figure 2 - Average transfer per procedure in SUS, supplementary health and total between 2015 and 2023.
US Unified public health system; PHS. private health system.

A total of 77.65% of surgeries were performed on female patients. Analysis of both the
public and private healthcare systems confirmed that the majority of cases involved
female patients in both settings (p<0.05). In the public system, 79% of cases were
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female, while in the PHS, 76% of patients were female. Patient sex distribution is

detailed in Table 3.

Table 3 - Distribution by gender of procedures performed to treat CVD.

Sexo SuUS PHS Total

n (%) n (%) n (%)
Men 108.181 20,53% 155.418 22.21% 263.599 21,50%
Women 418.673 79,47% 533.802 76,29% 952.475 77,65%
Not informed 0 0,00% 10.476 1,50% 10.476 0,85%

SUS: Unified public health system; PHS: Private health syssem; CVD: Chronic Venous Disease

Regarding patient age, the majority of cases occurred in individuals aged 4049 years
(28.15%). In the public healthcare system, most cases were in patients aged 40-59 years
(57.25%), whereas in the PHS, procedures were more common in younger patients aged
3049 years (53.64%) (p<0.05). The age distribution is shown in Table 4.

Table 4 - Distribution by age group of procedures carried out in the SUS, complementary health
and total procedures.

SUS PHS Total

Age (Years) n % n % n %
>80 1,392 0.26% 2,642 0.38% 4,034 0.33%
70-79 19,288 3.66% 25,878 3.70% 45,166 3.68%
60-69 94,611 17.96% 82,738 11.82% 177,349 14.46%
50-59 155,941 29.60% 151,376 21.63% 307,317 25.06%
40-49 145,669 27.65% 199,635 28.53% 345,304 28.15%
30-39 86,711 16.46% 175,662 25.11% 262,373 21.39%
20-29 21,691 4.12% 48,769 6.97% 70,460 5.74%
<20 1,550 0.29% 2,347 0.34% 3,897 0.32%
Not informed 1 <0.01% 10,649 1.52% 10,650 0.87%
Total 526,854 100.00% 699,696 100.00% 1,226,550 100.00%

SUS: Unified public health system; PHS: Private health system.

The regional distribution of procedures across Brazil is presented in Table 5. A
concentration of surgeries was observed in the Southeast (57.70%) and South (23.33%)

10
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regions. Regions with lower population density, such as the Midwest (6.96%) and North
(1.44%), reported the lowest procedure rates. Except for the North, all regions had a
higher number of procedures performed within the PHS compared to the public
healthcare system. No dstatistically significant temporal trends were observed in the
regional distribution of procedures from 2015 to 2023, as analyzed through linear
regression. No statistically significant temporal trends were observed in the regiona
distribution of procedures from 2015 to 2023, as analyzed through linear regression.

Table 5 - Procedures by region of the country.

Region SUS PHS Total
n % n % n %
North 11,094 2.11% 6,515 0.93% 17,609 1.44%
Northeast 55,745  10.58% 73,.904 10.56% 129,649 10.57%
Midwest 28,338 5.38% 57,072 8.16% 85,410 6.96%
Southeast 309,058 58.66% 398,613 56.97% 707,671 57.70%
South 122,619 23.27% 163,592 23.38% 286,211 23.33%
Total 526,854 100.00% 699,696 100.00% 1,226,550  100.00%

SUS: Unified public health system; PHS: Private health system

A total of 29 deaths were recorded following CVD surgery in the public healthcare
system, corresponding to an overall mortality rate of 0.0056%. Although the Southeast
region accounted for the highest absolute number of deaths, the North region exhibited
the highest proportional mortality rate relative to the number of procedures performed
(0.018%). Table 6 details mortality rates associated with CVD procedures in the public
healthcare system. The D-TISS database does not report mortality associated with
procedures performed in the PHS.

Table 6 - Absolute and relative distribution of deaths of patients undergoing surgical treatment
for CVD in the Unified Health System (SUS).

Regions Procedures M ortality (%)

North 11,094 2 0.018%
Northeast 55,745 7 0.013%
Midwest 28,338 2 0.007%
Southeast 309,058 15 0.005%

11
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South 122,619 3 0.002%
Total 526,854 29 0.0056%

7. Discussion

Total Surgeries

A total of 1,266,550 surgeries were performed for the treatment of CVD. The public
healthcare system accounted for 526,854 procedures, while the PHS performed 699,696
procedures. These interventions represent the largest series of vascular surgeries
conducted during the evaluated period, highlighting the high prevalence of CVD and the
ongoing need for these procedures to mitigate the effects of this condition on patient
health. (22)

Proceduresrate per 10,000 inhabitants

The overall average rate was 6.5 CVD surgeries per 10,000 inhabitants annually in
Brazil. Among exclusive SUS users, the rate was 3.7 per 10,000 inhabitants, while in the
PHS, it was 14.8 per 10,000 inhabitants. For comparison, Japan reported an estimated
rate of 4.14 per 10,000 (16), the United States 10.4 per 10,000 (23), England 12.1 per
10,000 (24), and Belgium 34.3 per 10,000, the highest reported in the literature. (25)
These findings suggest that procedure rates in PHS are more comparable to those in
devel oped countries than those in SUS.

When analyzing these disparities, it appears that the prevalence of CVD in Brazil and
other countries is similar. (16,23,25) However, differences between SUS and European
countries may be attributed to the smaller populations in European nations, which

facilitates the management of low-complexity and low-mortality diseases such as CVD.
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Furthermore, public healthcare investment in Brazil is lower than in developed countries

(26), which may also explain the discrepancies between SUS and PHS.

In terms of sex distribution, 77.65% of the recorded procedures were performed on
women, while 21.50% were on men, and 0.085% of cases had unspecified sex. This
finding is consistent with the well-documented higher prevalence of CVD in women
compared to men. The proportions of male and female patients undergoing surgery were
similar in both between SUS and PHS. (5,19,27)

Looking at age distribution, most procedures were conducted on adults aged 30 to 59,
with the highest percentage occurring in the 4049 age group (28.14%). While advanced
age is a known risk factor for CVD and its complications, 18.47% of procedures were
conducted in individuals over 60 years old. In a study analyzed 48,615 CVD surgeriesin
the United States, 21.3% of the procedures were performed on patients over 65 years,

which is similar to our findings. (18)

Between 2015 and 2019, the total number of CVD surgeries in Brazil increased,
predominantly due to the rise in procedures performed within PHS. However, a
significant decline occurred in 2020 and 2021, coinciding with the COVID-19 pandemic.
(28,29) This drop impacted the overall trend analysis for CVD surgeries. After this
decline, the number of procedures rebounded in subsequent years, reaching pre-pandemic
levels. In SUS, the peak year for procedures was 2018, while in PHS, the highest number
of CVD surgeries occurred in 2022.

Regionally, the highest procedure rate was observed in the Southeast (57.70%), while the
North region had the lowest rate (1.44%). Notably, the North was the only region where
more procedures were performed within SUS than in PHS. However, this trend reversed
after the pandemic, with PHS surpassing public healthcare. This shift may be attributed to
an increase in the number of individuals enrolling in private health insurance plans during
and after the pandemic. (30) Furthermore, all regions experienced a significant declinein

procerures during 2020 and 2021, followed by a gradual recovery in subsequent years.
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The variation in surgical procedure rates highlights socioeconomic inequality and
differences in economic power and healthcare resources across Brazilian regions. (31)
The Southeast, being the wealthiest and most populous region, had the highest number of
procedures performed. In contrast, although the Northeast is the second most populous
region, had less than half the number of procedures performed in the South, which has
just over half of the Northeast’s population. (21)

These disparities are concerning because populations with lower socioeconomic status
are at a higher risk for CvD and its complications, as well as other comorbidities that
may complicate perioperative care. To improve (27,32)access to treatment in underserved
regions, a range of interventions should be considered, from high-cost procedures
procedures like radiofrequency ablation to lower-cost options such as foam sclerotherapy.
(7,11,33,34)

Government reimbur sement - Supplementary health payments

Between 2015 and 2023, total expenditures for CVD treatment procedures in both public
and private sectors reached R$ 1,492,310,372.13. The average annual cost per procedure
across both systems was R$ 1,240.92. The public healthcare system alocated R$
359,539,892.13, with an average expenditure of R$ 679.50 per procedure, while the PHS
invested R$ 1,132,770,480.00, with an average of R$ 1,620.60 per procedure. This
indicates that expenditures in PHS were 3.15-fold times higher than those in SUS,
accounting for 76% of total spending during the analyzed period. Additionaly, the
number of procedures performed in PHS surpassed those in SUS by more than 100,000
cases. Despite SUS servicing approximately 75% of the Brazilian population, the 25%
using PHS underwent nearly 60% of CVD surgeries, contributing to 76% of total

expenditures.
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International comparisons show that the per-procedure reimbursement in China and the
U.K. is at least double the average amount allocated by SUS in Brazil and can be up to
ten times higher in the United States. (33,35,36)

In the U.S.,, high costs are associated with ablative techniques performed in hospital
settings. (33) However, due to data limitations, we were unable to differentiate
distinguish between unilateral and bilateral procedures or the techniques used in SUS and
PHS. Furthermore, SUS reimbursement follows a fixed compensation table, which may
not reflect actual hospital costs, limiting deeper cost comparisons with other countries. In
contrast, PHS expenditures are aligned with real case costs.

The disparity between the volume of procedures and healthcare costs in public versus
private sectors is evident. Although Brazil provides universal healthcare, only 41% of
total health expenditures come from public sources (37), which is relatively low
compared to developed countries, where government health investments are significantly
higher. (26) This funding gap impacts CVD treatment, as PHS financed 76% of surgical
costs despite serving only 25% of the population.

Deathsfrom the Public Health System

Among the 1,266,550 CVD surgeries performed, mortality data were only available for
cases reported in the public healthcare system (526,584 cases). A total of 29 deaths were
recorded during hospitalization or in outpatient clinics, resulting in a mortality rate of
0.005%. A 2022 epidemiological analysis of CVD cases in the Brazilian public
healthcare system from 2008 to 2019 reported a similar mortality rate. (19) In
comparison, the in-hospital mortality rate in Portuga was 0.015%, which is
approximately three times higher than in Brazil. (17) In the United States, a study on
elderly patients showed a 30-day mortality rate of 0.02% (18), while in astudy conducted
in Japan involving 52,639 cases reported no deaths within 30 days post-surgery. (16)
These findings highlight the low mortality risk associated with CVD surgery, even

among higher-risk populations.
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This study has limitations regarding mortality assessment. Due to data anonymization on
the DATASUS platform, the causes of death were not identified, and patient records were
not analyzed, which prevented the evaluation of deaths occurring after hospital discharge.
Consequently, 30-day mortality could not be calculated. This may lead to underreporting
of fatal but non-immediate complications, such as pulmonary embolism, while
perioperative deaths from anesthesia or hemorrhagic complications were more likely to
be captured. Additionally, the absence of mortality data in the D-TISS platform further
underestimates the actual number of deaths.

Limitations

A retrospective or longitudinal analysis of operated patients was not feasible, as data
from both DATASUS and D-TISS are anonymized and provide only the total number of
procedures. Consequently, the exact number of treated patients remains unknown, as
some may have undergone multiple procedures or reinterventions. Additionally, this
study is limited by the potential misclassification and underreporting of cases.

Despite these limitations, this study presents a comprehensive analysis of al CVD
surgical procedures conducted nationwide (both in SUS and PHS) between 2015 and
2023. It offers real-world data with extensive external validation, highlighting significant

differences in treatment volume and costs between the two healthcare systems.

8. Conclusion

Between 2015 and 2023, a total of 1,266,550 CVD surgeries were performed , resulting
in an annual rate of 6.5 procedures per 10,000 inhabitants. The number of procedures
conducted in the PHS was four times higher than those in SUS when considering the rate
per 10,000 inhabitants. The total investment in PHS was 3.15 times higher than in SUS,
with an estimated average cost per procedure of R$ 1,632.60. The observed mortality rate
in SUS was 0.005%.

16


https://doi.org/10.1101/2025.03.04.25323381
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.03.04.25323381; this version posted March 6, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

Conflict of Interest Statement: No author has a conflict of interest.

Source of Funding: This research did not receive any specific funding from funding
agenciesin the public, commercial or non-profit sectors.

Research Ethics Approval: This study was approved by the Ethics Committee of the

institution where it was carried out.

9. References

1. Chang SL, Huang YL, Lee MC, Hu S, Hsiao YC, Chang SW, et a. Association of
varicose veins with incident venous thromboembolism and peripheral artery
disease. JAMA - Journal of the American Medical Association. 2018 Feb
27;319(8):807-17.

2. Darvall KAL, Bate GR, Adam DJ, Bradbury AW. Generic health-related quality of
lifeis significantly worse in varicose vein patients with lower limb symptoms
independent of CEAP clinical grade. European Journal of Vascular and
Endovascular Surgery. 2012 Sep;44(3):341-4.

3.  DaCoelho RM, Nunes MAP, Gomes CVC, Dos VianalS, DaSilvaAM. Time
trends and social security burden of temporary work disability dueto chronic
venous disease in Brazil. BMC Public Health. 2020 Apr 10;20(1).

4. Tsai S, Dubovoy A, Wainess R, Upchurch GR, Wakefield TW, Henke PK. Severe
chronic venous insufficiency: Magnitude of the problem and consequences. Ann
Vasc Surg. 2005;19(5):705-11.

5. Carpentier PH, Maricq HR, Biro C, Pongot-Makinen CO, Franco A. Prevalence,
risk factors, and clinical patterns of chronic venous disorders of lower limbs: A
population-based study in France. J Vasc Surg. 2004 Oct;40(4):650-9.

17


https://doi.org/10.1101/2025.03.04.25323381
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.03.04.25323381; this version posted March 6, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

6. de Mélo PorciuncullaM, Braga Diamante Leiderman D, Altenfeder R, Siqueira
Barbosa Pereira C, Fioranelli A, Wolosker N, et al. Clinical, ultrasonographic and
histological findingsin varicose vein surgery. Rev Assoc Med Bras. 2018 Aug
1,64(8):729-35.

7. Sakugawa LS, Soares F, Portela O, Cristina A, Louzada S, Fernanda M, et al.
Polidocanol-foam treatment of varicose veins. Quality-of-life impact compared to
conventional surgery. Clinics[Internet]. 2024;79:100346. Available from:
https://doi.org/10.1101/2023.08.25.23294616I

8. SerraR, lelapi N, Bevacqua E, Rizzuto A, De Caridi G, MassaraM, et a.
Haemorrhage from varicose veins and varicose ulceration: A systematic review.
Int Wound J. 2018 Oct 1;15(5):829-33.

0. Byard RW, Gilbert JD. The incidence and characteristic features of fatal
hemorrhage due to ruptured varicose veins: A 10-year autopsy study. American
Journal of Forensic Medicine and Pathology. 2007 Dec;28(4):299-302.

10. KimY, PngCYM, Sumpio BJ, DeCarlo CS, DuaA. Defining the human and
health care costs of chronic venous insufficiency. Semin Vasc Surg. 2021 Mar
1,34(1):59-64.

11. Biemans AAM, Kockaert M, Akkersdijk GP, Van Den Bos RR, De M aeseneer
MGR, Cuypers P, et al. Comparing endovenous laser ablation, foam sclerotherapy,
and conventional surgery for great saphenous varicose veins. JVasc Surg.
2013;58(3):727-734.€l.

12.  OrtegaMA, Fraile-Martinez O, Garcia-Montero C, Alvarez-Mon MA, Chaowen
C, Ruiz-Grande F, et al. Understanding chronic venous disease: A critical
overview of its pathophysiology and medical management. Vol. 10, Journal of
Clinical Medicine. MDPI; 2021.

13.  Wolosker N, Teivelis MP, de Almeida Mendes C, Portugal MF, Pinheiro LL, da
SilvaMFA, et a. Conventional Varicose Vein Surgery: Comparison between
Single versus Staged Surgery Using Patient Reported Outcomes. Ann Vasc Surg.
2022 Mar 1;80:60-9.

14. ChenK, Yu GF, Huang JY, Huang LD, Su X, Ni HZ, et a. Incidence and risk
factors of early deep venous thrombosis after varicose vein surgery with routine
use of atourniquet. Thromb Res. 2015 Jun 1;135(6):1052—6.

15. Zerati A, Wolosker N, Yazbek G, Langer M, Nishinari KA. Vena Cava Filtersin
Cancer Patients: Experience with 50 patients. Clinics. 2005;(60):361-6.

16. Vascular Surgery in Japan: 2016 Annual Report by the Japanese Society for
Vascular Surgery. Ann Vasc Dis[Internet]. 2021 Dec 25;14(4):ar.21-00110.
Available from: https://www.jstage.jst.go.jp/article/avd/14/4/14 ar.21-

00110/ _article

17. Castro-FerreraR, Quelhas MJ, Freitas A, Vidoedo J, SilvaEA, Marinho A, et al.
Vascular training does matter in the outcomes of saphenous high ligation and
stripping. J Vasc Surg Venous Lymphat Disord. 2019 Sep 1;7(5):732-8.

18. KimTI, Zhang Y, Guzman RJ, Ochoa Chaar CI. Trends of hospital-based surgery
for varicose veinsin the elderly. In: Journal of Vascular Surgery: Venous and
Lymphatic Disorders. Elsevier Inc.; 2021. p. 146-153.e2.

18


https://doi.org/10.1101/2025.03.04.25323381
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.03.04.25323381; this version posted March 6, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

19. SilvaMJ, Louzada ACS, da SilvaMFA, Portugal MFC, Teivelis MP, Wolosker N.
Epidemiology of 869,220 varicose vein surgeries over 12 yearsin Brazil: trends,
costs and mortality rate. Ann Vasc Surg. 2022 May 1;82:1-6.

20. Ingtituto Brasileiro de Geografia e Estatistica (IBGE). National Broad Consumer
Price Index (IPCA) [Internet]. 2025 [cited 2025 Feb 27]. Available from:
https://www.ibge.gov.br/estati sti cas/economi cas/precos-e-custos/9256-indice-
naci onal -de-precos-ao-consumidor-amplo.html

21. Ingtituto Brasileiro de Geografia e Estatistica. 2025. 2025 [cited 2025 Feb 27].
Brazilian Population Count . Available from:
https.//www.ibge.gov.br/en/stati stics/soci al/popul ation/16861-2007-popul ation-
count.html

22. DeMaeseneer MG, Kakkos SK, Aherne T, Baekgaard N, Black S, Blomgren L, et
al. Editor’s Choice — European Society for Vascular Surgery (ESVS) 2022 Clinical
Practice Guidelines on the Management of Chronic Venous Disease of the Lower
Limbs. European Journal of Vascular and Endovascular Surgery. 2022 Feb
1,63(2):184-267.

23.  Prabhakar AM, Misono AS, Sheth RA, Rosenkrantz AB, Hemingway J, Hughes
DR, et a. Changing Medicare Utilization of Minimally Invasive Procedures for the
Treatment of Chronic Venous Insufficiency. Journal of Vascular and
Interventional Radiology. 2017 Jun 1;28(6):818-24.

24. Galland R, Whatling P, Crook T, Magee T. Regional variation in varicose vein
operations in England 1989-1996. Ann R Call Surg Engl. 2000;82:275-9.

25.  Guillaume GM, Meeus P, Dalcq V, van der Borght L, Vuylsteke ME, de
Maeseneer MG. Influence of reimbursement policies on phlebological surgical
practice in belgium between 2007 and 2017. International Angiology.
2020;39(4):267-75.

26. Figueiredo JO, Prado NM de BL, MedinaMG, Paim JS. Public and private health
expenditures in Brazil and selected countries. Salde em Debate. 2018
Oct;42(spe2):37-47.

27. O'Banion LA, Ozsvath K, Cutler B, Kiguchi M. A review of the current literature
of ethnic, gender, and socioeconomic disparities in venous disease. JVasc Surg
Venous Lymphat Disord. 2023 Jul 1;11(4):682—7.

28. Steinman M, de Sousa JHB, Tustumi F, Wolosker N. The burden of the pandemic
on the non-SARS-CoV-2 emergencies: A multicenter study. American Journal of
Emergency Medicine. 2021 Apr 1;42:9-14.

29. Alexandrino da SilvaMF, Oliveira Portela FS, Sposato Louzada AC, TeivelisMP,
Amaro Junior E, Wolosker N. National Cross-Sectional Epidemiological Analysis
of the Impact of Pandemic COVID-19 on Vascular Procedures in Public Health
System: 521,069 Procedures Over 4 Y ears. Ann Vasc Surg. 2024 Jan 1;98:7-17.

30. ANS. AgénciaNacional de Salide Suplementar. Dados gerais. [Internet]. 2024
[cited 2024 Oct 6]. Available from: https.//www.gov.br/ang/pt-br/acesso-a
informacao/perfil-do-setor/dados-gerais

31. ViacavaF, DeOliveiraRAD, Carvalho C de C, Laguardia J, Bellido JG. SUS:
Supply, access to and use of health services over the last 30 years. Ciencia e Saude
Coletiva. 2018 Jun 1;23(6):1751-62.

19


https://doi.org/10.1101/2025.03.04.25323381
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.03.04.25323381; this version posted March 6, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

32.

33.

34.

35.

36.

37.

It is made available under a CC-BY 4.0 International license .

Socioeconomic inequalities and premature mortality due to cardiovascular diseases
in Brazil [Internet]. Available from: http://w3.datasus.gov.br/datasus/

Lin J, Nerenz D, Migliore P, Young R, Shepard A, Weaver W. Cost analysis of
endovenous catheter ablation versus surgical stripping for treatment of superficial
venous insufficiency and varicose vein disease. J Vasc Surg Venous Lymphat
Disord. 2014;2(1):98-103.

MendesC de A, Martins A de A, Fukuda JM, Parente BHF, MuniaMAS,
Fioranelli A, et a. Randomized trial of radiofrequency ablation versus
conventional surgery for superficial venous insufficiency: If you don’t tell, they
won'’t know. Clinics. 2016 Nov 1;71(11):650-6.

Zhang M, Qiu T, Bu X, Li X, Liang G, Zhang H, et a. A national survey on
management of varicose veinsin China. J Vasc Surg Venous Lymphat Disord.
2018 May 1;6(3):338-346.€1.

Epstein D, Onida S, Bootun R, Ortega-Ortega M, Davies AH. Cost-Effectiveness
of Current and Emerging Treatments of Varicose Veins. Value in Health. 2018
Aug 1;21(8):911-20.

CostaDCAR, De LimaMoreira JP, Cardoso AM, MattosLV, AndriettaLS, Bahia
L. Economic crisis and disparities in spending, supply, and use of public and
private health services in Brazil from 2011 to 2019. Cad Saude Publica
2022;38(10).

20


https://doi.org/10.1101/2025.03.04.25323381
http://creativecommons.org/licenses/by/4.0/

