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ABSTRACT The Brazilian Unified Health System (SUS) has disseminated billions of administrative records
corresponding to three decades of existence. Unlike hospital and notification data, which are fragmented as they
are service-oriented rather than user-oriented, outpatient data can be linked via a pseudonymized identifier,
enabling the tracking of therapeutic pathways. This paper presents an automated microdata processing tool
from the Open Health Intelligence Platform (SABEIS) using open-source software to handle microdata provided
through the TabWin/TabNet strategy from the file transfer directory, without relying on sophisticated Big Data.
It describes the open data from the SUS Ambulatory Information System from 2008 to 2023, using modest
hardware resources by public health and health informatics specialists. A total of 8,106,361,265 records were
processed, corresponding to 3,135 procedures, 16,407 diagnoses, and 51,875,308 users, according to the files of
APAC-STA High-cost ambulatory procedures and high-cost medicines. There was a noticeable improvement in
the quality of the pseudonymized identifier, especially from 2022 onwards, with 0.8% of users recorded as having
more than one sex, more than one state of residence, over eight procedures, or five diagnoses, demonstrating the
potential for public policy monitoring and knowledge generation. This approach demonstrated the potential
for monitoring public policies using outpatient data with a pseudonymized SUS user identifier.

KEYWORDS Data science. Database management systems. Unified Health System. Documentation.
Technology assessment, health.

RESUMO O Sistema Unico de Satide (SUS) disseminou bilhdes de registros administrativos correspondentes a trés
décadas de existéncia. Na contramdo de dados hospitalares e de notificagdo fragmentados por serem orientados ao
servigo, e ndo ao usudrio do SUS, os dados ambulatoriais apresentam dados vinculdveis ao identificador pseudoni-
mizado, viabilizando acompanhar o itinerdrio terapéutico. Este trabalho apresenta, uma ferramenta automatizada
da Sala Aberta de Inteligéncia em Satide (Sabeis) de processamento, com software livre, de microdados fornecidos
via estratégia TabWin/TabNet a partir do diretério de transferéncia de arquivos, sem aparato sofisticado de Big
Data; e descreve os dados abertos do Sistema de Informagcdo Ambulatorial, de 2008 a 2023, empregando recursos
modestos de hardware por especialistas em satide puiblica e informdtica em saiide. Foram processados 8.106.361.265
registros, correspondentes a 3.135 procedimentos, 16.407 diagndsticos e 51.875.308 usudrios, segundo o arquivo
correspondente a Autorizacdo de Procedimentos Ambulatoriais e Alta Complexidade/Custo. Verificou-se a crescente
qualidade do identificador pseudonimizado, sobretudo a partir de 2022, com 0,8% dos usudrios com mais de um
sexo, mais de um estado de residéncia, acima de oito procedimentos ou cinco diagndsticos. A presente abordagem
demonstrou a potencialidade para o acompanhamento de politicas publicas, utilizando os dados ambulatoriais com
identificador pseudonimizado do usudrio do SUS.

PALAVRAS-CHAVE Ciéncia de dados. Sistemas de gerenciamento de base de dados. Sistema Unico de Satide.
Documentagdo. Avaliagdo de tecnologias em satide.
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Introduction

Although Brazil has an abundance of public
records and open data systems, public ad-
ministrators, civil society, and the academic
community have spent the past three decades
contending with fragmented and incomplete
information. This persistent issue arises from
the fact that not all public policies within the
Unified Health System (SUS) have yet made
consolidated microdata from different sources
openly available. Historically, there have been
significant gaps in open microdata from
Primary Care and Pharmaceutical Assistance,
both in their basic and strategic components.
However, initiatives such as the Interagency
Health Information Network (RIPSA) have
been able to provide, over at least 20 years,
analytical capacity with indicators using ag-
gregated data that have shown the rapid trans-
formation of Health Care Networks (RAS),
especially outpatient services!.

The strategic decision to make microdata
publicly available, comprising detailed records
of healthcare encounters and administrative
activities without aggregation, has played a
crucial role in enhancing the visibility and
value of managers and professionals within
the Unified Health System (SUS). When in-
tegrated, the historical data series that trace
back to the earliest measures introduced under
Unified Health System (SUS), such as the Basic
Operational Norms (NOB), national policies,
and other regulatory instruments, make it pos-
sible to conduct longitudinal assessments of
patients’ therapeutic journeys. Furthermore,
the adoption of open data practices not only
facilitates the monitoring of services provided
by SUS but also fosters continuous improve-
ment in the reliability of the data itself?3.

Although active transparency in public
administration still faces obstacles and the
dissemination of microdata remains partial?,
the SUS succeeded in developing, through
TabNet and TabWin, an effective technol-
ogy for tabulating and use of non-aggregated
data. The dissemination tools implemented
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throughout the 1990s and 2000s have proven
to be robust and relevant to this day, supported
by a critical mass of public health professionals
well-versed in their use. These tools have been
essential for producing a significant share of
the indicators and quantitative data used in
health plans and management reports>-’.

The official tools and datasets, however, do
not present the available SUS microdata on
Public Health Actions and Services (ASPS)
in an integrated manner, which limits certain
types of analysis. For instance, data from the
Outpatient Information System (SIA) includes
a pseudonymized identifier for SUS users, al-
lowing for the tracking of patients’ journeys
within the system. Nevertheless, analyzing
such data requires sophisticated methods
and techniques capable of handling billions
of records, expertise that is often not acces-
sible to health council members, public health
professionals, epidemiologists, or specialists
engaged in Health Technology Assessment
(HTA). This analytical capacity is crucial for
evaluating and deciding whether new drugs,
products, and procedures should be incorpo-
rated into the SUSS.

The lack of integrated data and the absence
of official curation methods compel each re-
search or management unit to develop its own
tools for extracting, transforming, and loading
(ETL) open data produced through the SIA.
As a result, the consolidation of these data
may vary depending on the specific methods
applied=°-16,

This study brings together the fields of
health informatics and public health, a con-
vergence that is strategically important for the
country'8 focusing on the use of real-world
data to inform public health decision-making.
To date, there have been no reports of fully au-
tomated processing of STA data using free and
open-source software; existing experiences
have been limited to data consolidation, often
without an emphasis on integrating outpatient
data or relying on proprietary tools™.

No studies were found using the com-
plete open SIA dataset that address the



pseudonymized identifier for SUS users,
which is based on the National Health Card
(CNS) and widely used for decision-making
within the SUS, although there is a tool that
applies deterministic linkage of diagnostic and
treatment information from SIA specifically
for oncology'. However, there is extensive
literature on the use of deterministic-proba-
bilistic record linkage with restricted-access
data containing personally identifiable in-
formation, such as full name, mother’s name,
identification documents, and full address,
among others'31420-23 ywhose microdata with
pseudonymized identifiers derived from
linking tools are not available for comparison.

Although the volume of information avail-
able within the SUS is growing exponentially,
gaps remain that require attention to support
public policy and ensure comprehensive care
for system users. Therefore, this study aims
to explore the open data of the SIA and in-
vestigate potential opportunities for longitu-
dinal monitoring, using the pseudonymized
SUS user identifier to track patients. Such
monitoring can provide valuable support for
decision-making, particularly regarding the
incorporation, removal, or modification of
health technologies within the SUS.

Material and methods

This study is characterized as exploratory and
descriptive research, based on the analysis of
secondary data from SUS information systems,
with a focus on the construction and structur-
ing of an integrated database compiled from
multiple subsystems.

Source and nature of data

The data used in this study are publicly acces-
sible and were obtained from the repository of
the Brazilian Ministry of Health. The files are
disseminated and fragmented by subsystem,
across the 27 Federative Units (UF), and by
reference date formatted as year and month
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in two digits each (YYMM), resulting in thou-
sands of files that must be processed.

Computational architecture and
environment

The ETL process was carried out using GNU
Bash 5.2.15 for routine automation; SQL
(PostgreSQL 15.6, Ubuntu 23.10.1) for data
structuring, transformation, and loading;
Wine 8.0.1 to emulate the official dbf2dbc.exe
decompression tool; and dbview for extract-
ing DBF data into CSV format. The compu-
tational environment consisted of a Lenovo
ThinkCentre M75q Gen 2 mini PC with 32 GB
of RAM, an AMD Ryzen™ 5 PRO 5650GE x12
processor, and a 4TB Kingston SNV2S4000G
SSD. The source code and data repository are
available under the General Public License
(GPL 3.0) and the Open Database License
(ODbL).

Data processing and integration
(ETL)

Data consolidation followed the methodol-
ogy of Sala Aberta de Inteligéncia em Satde
(Open Health Intelligence Room, SABEIS).
The process consisted of the following
steps?4: (1) automated collection, including a
file size check (in bytes) to ensure download
integrity; (2) decompression and conversion
of files from DBC to DBF format, followed
by extraction to CSV; (3) loading into the
Database Management System (DBMS) as a
staging layer of raw or semi-processed data;
(4) load validation, verifying that the number
of records in the original file matched those
loaded into PostgreSQL, ensuring consistency;
5) comparison of the approved number of
procedures with the official data provided
by the TabNet25 tabulator; 6) standardiza-
tion of attributes according to the SUS data
dictionary, maintaining a unified structure
among the SAI subsystems; 7) loading of
object-oriented SQL tables into the DBMS,
using the Inherits feature to structure ‘parent

SAUDE DEBATE | RIO DE JANEIRO, V. 49, N. Especial 1, 10004, AGO 2025



Ferré F, Lyrio AO, Carvalho SH, Pantuzza LLN, Santos JBR, Lopes ACF, Bonan LFS

tables’ by subsystem; 8) generation of data
marts26:27 in accordance with business rules
for analysis and reports; 9) addition of the
National Health Card (CNS) to the Outpatient
Care (PA) file from other subsystems, using the
procedure authorization code, correspond-
ing to the state manager and the reference
month28. The user identifier is the same across
the different subsystems.

Resolution No. 510 of April 7, 2016, issued
by the National Health Council??, Resolution
No. 510 of April 7,2016, issued by the National
Health Council, stipulates in Article 1, item
V, that research using ‘publicly accessible in-
formation’ does not require evaluation by a
Research Ethics Committee (REC).

Results

SIA data from 2008 to 2023 (table 1) were
processed, and the pseudonymized user

identifier was qualified (tables 2 to 4), allow-
ing assessment of users’ trajectories within the
SUS (tables 2 and 5). The extraction resulted
in approximately 1 terabyte of disk storage.
A total of 44,637 data files were processed,
containing 8,106,361,265 records, of which
5,024,137,874 records from the Outpatient Care
Administrative Records (SIA PA) file needed
to be enriched with other reports to obtain
the pseudonymized identifier.

According to the municipality of residence,
all municipalities and the Federal District re-
corded at least one entry in the STA. However,
itis important to note that not all municipali-
ties or administrative regions of the Federal
District reported procedures during the
evaluated period for every policy (table I).
The policy with the lowest coverage in terms
of municipalities was the Multiprofessional
Follow-up (AMP), with 1,050 municipalities
included.

Table 1. Summary of administrative data generated by the Outpatient Information System from 2008 to 2023

Subsys- Original FTP Mbytes List of Pro- Listof Municipalities

tem Period files Mbytes database** Records cedures*** Diagnoses **** of residence

AB 01/2008- 544 438 897 211,252 1 - 1425
04,/2017

ACF 08/2014- 2,945 14 29 315,631 1 - 5,378
12/2023

AD 01/2008- 5182 2,453 6,225 49,021,697 Al 2,518 5,597
12/2023

AM 01/2008- 5131 13115 350958 287923,699 608 660 5,591
12/2023

AMP  03/2016- 541 3,821 6,570 64,900 2 - 1,050
12/2023

AN 01/2008- 2,45 305 508 6,534,272 8 376 5413
10/2014

AQ 01/2008- 5143 103,923 252,140 49,523,199 157 647 5,596
12/2023

AR 01/2008- 4,683 137080 563,504 3,615,964 39 719 5,595
12/2023

ATD 08/2014- 3,047 51 322 12,391,833 6 - 5,551
12/2023
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Table 1. Summary of administrative data generated by the Outpatient Information System from 2008 to 2023

Subsys- Original FTP Mbytes List of Pro- Listof Municipalities

tem Period files Mbytes database** Records cedures*** Diagnoses****  of residence

3] 01/2008- 5184 2,242 12156 2,546,881910 1,893 16,199 5,599
12/2023

PA 01/2008- 5447 24 62 5,024,137,874 3135 16,184 5,599
12/2023

PS 11/2012- 3,557 762 1380 122,214,893 21 3,858 5064
12/2023

SAD  04/2012- 1,088 4 13 3,524,141 69 4,552 530
10/2018
01/2008-

Total 12/2023 44,637 264,232 879,764 8,106,361,265 3135 16,407 5,599*

Source: Own elaboration.

* To evaluate access, we chose to use the Administrative Regions (ARs) that comprise the Federal District, thus considering 5,569
municipalities and 30 ARs registered with the SUS (although there are 35 regions since Decree No. 38,094,/2017). ** Data load with
selected attributes. *** The RENASES (National List of Health Actions and Services) list is maintained by the SUS Management System for
the Table of Procedures, Medications, Orthotics, Prosthetics, and Special Materials (SIGTAP), with distinct codes being counted. **** List
of distinct codes according to the International Classification of Diseases, tenth revision (ICD-10).

AB = Bariatric Surgery Follow-up; ACF = Arteriovenous Fistula Construction; AD = Miscellaneous Reports; AM = Medications; AMP
= Multidisciplinary Follow-up; AN = Nephrology; AQ = Chemotherapy; AR = Radiotherapy; ATD = Dialysis Treatment; Bl = Individual
Report; PA = Outpatient Production; PS = Psychosocial; SAD = Home Care. SIGTAP - SUS Table Management System for Procedures,
Medications, and Orthotics, Prosthetics, and Special Materials (OPM). Primary diagnosis according to ICD-10. File Transfer Protocol (FTP).

Regarding the municipality of residence, all
municipalities and the Federal District recorded
at least one entry for Miscellaneous Reports
(AD), Medications (AM), Chemotherapy (AQ),
Individual Bulletin (BI), and, consequently,
Outpatient Care Records (PA). However, no
Radiotherapy (AR) records were found in the
SIA for residents of Santa Isabel do Rio Negro-
AM and Uiramuti-RR. The municipalities with
the lowest relative coverage for SIA reports
were Amatura-AM, Nova Roma-GO, Serra
Nova Dourada-MT, Nova Roma do Sul-RS,
Putinga-RS, and Nova Castilho-SP, which never
had records for Bariatric Surgery Follow-up
(AB), Arteriovenous Fistula Creation (ACF),
Multiprofessional Follow-up (AMP), Nephrology
(AN), Dialytic Treatment (ATD), Psychosocial
(PS), or Home Care (SAD).

Using the pseudonymized identifier, it is
possible to follow the same user’s access to
different health policies, as well as their staging

in oncological treatment recorded via the STA3°,
Table 2 presents absolute numbers and rates
per 100,000 inhabitants for Brazil and its five
regions. For example, it allows analysis of access
to oncological treatment policies (AQ or AR)
provided to the same AM user, even if it did not
occur during the same period. It is important
to note that most medications recorded in the
SIA belong to the Specialized Component of
Pharmaceutical Assistance (CEAF). Between
2008 and 2023, 266,500 users out of 2,666,836
(10.0%) AQ users accessed AM, while 170,633
users out 0f 1,666,261 (10.2%) AR users accessed
AM at some point. These overall data can help
highlight inequalities in Public Health Actions
and Services (ASPS). Assuming the number of
records as a proxy for access, it was observed
that access for AQ was three times higher in
the South region compared to the North, and
1.7 times higher when considering total PA
records.
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Table 2. Users of the Outpatient Information System by subsystem, 2008-2023. Absolute numbers are shown in the lower triangle (italics), with users

per 100,000 inhabitants by Brazilian region (2a), and use of multiple outpatient service types (2b)

AB ACF AD AM AMP AN AQ AR ATD Bl PA PS SAD
Table 2a
North 11 726 4,582.8 15321 18 85.0 6269 386.6 1641 56,9272 175609 21397 235
Northeast 21 108.8 6,219.6 37057 4.2 1236 10909 673.8 2325 389178 28,0318 2512.8 447
Southeast 147 104.2 6,5924 6,366.5 105 1577 14474 9384 2524 64,6361 26,2309 2,250.0 833
South 59.8 1087 7521.2 49535 131 159.5 1924.5 1162.6 276.8 921230 299557 30625 403
Central-West 01 98.8 55463 34077 39 136.2 1029.7 542.8 2623 455553 18,145.2 21730 326
AB ACF AD AM AMP AN AQ AR ATD Bl PA PS SAD
Table 2b

AB 31757 01 n7z 120 0.0 01 13 10 01 156.0 183.0 46 01
ACF 16 208,654 708.2 9085 16.0 19.2 271 15.0 1126.5 8041 1,202.3 15.0 16
AD 2,036 122909 12,904,559 7966.8 328 947.2 18469 1156.6 15230 42,6928 74,3267 2,738.2 756
AM 2,075 157673 1382627 9362825 305 10685 1535.6 983.2 1793.7 27,0031 539464 2,3498 873
AMP 0 2,77 5701 5298 16,034 03 34 21 216 68.6 924 13 01
AN n 20,688 164,393 185,436 55 280,276 325 210 522.7 722.6 16149 46 36
AQ 225 4,696 320,530 266,500 588 5641 2,666,836 6,588.9 820 10,0559 15,365.0 144.8 279
AR 168 2,605 200,720 170,633 368 3651 1143500 1,666,261 470 64718 9,600.0 100.8 198
ATD 26 195,497 264,319 311,303 3,757 90,709 14,239 8150 485,605 1715.8 2,7981 324 54
Bl 27078 139554 7409285 4,686,353 1,897 125,403 174584 1123766 297,768 119162,740 1753076 13,843.0 3507
PA 31,757 208,654 12,899319 9,362,329 16,034 280,258 2,666,584 1,666,074 485,600 30,424,434 51875308 78095 2593
PS 807 2,609 475,205 407802 223 797 25137 17,501 5615 2402434 1355333 4903392 9.6
SAD 23 285 13126 15154 16 628 4,846 3433 944 60,872 45,003 1673 116,282

Source: Own elaboration.

AB = Bariatric Surgery Follow-up; ACF = Arteriovenous Fistula Construction; AD = Miscellaneous Reports; AM = Medications; AMP = Multidisciplinary Follow-up; AN =
Nephrology; AQ = Chemotherapy; AR = Radiotherapy; ATD = Dialysis Treatment; Bl = Individual Report; PA = Outpatient Production; PS = Psychosocial; SAD = Home Care.

Population according to the 2022 Census.

Tables 3 and 4 help characterize the quality
of the pseudonymized identifier. The distribu-
tion of sex, race/color, and age shows consis-
tency with what is typically observed within
the SUS. Likewise, it is possible to clean certain
data strata by disregarding pseudonymized
identifiers with an unusually high number
of records, which may indicate that the same
CNS was used for different individuals. In ad-
dition, one can examine the number of states
of residence, which may suggest the same
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number being used by different managers;
an excessively high number of procedures and
diagnoses that are statistically implausible for
asingle individual; and discrepancies in treat-
ment duration, among other indicators. When
assessing users of both sexes in administrative
records, more than two states of residence,
fifteen procedures, or ten diagnoses, only
3.05% fall into this category and may even
be excluded from the analysis based on this
exclusion criterion.
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Table 3. Quality of the pseudonymized identifier based on the National Health Card in relation to the total number of users
with Outpatient Care Administrative Records (‘Producdo Ambulatorial’, SIA PA) in the Outpatient Information System, from
2008 to 2023, and the percentage of records requiring further investigation by period and by region*

Variable Users North Northeast Southeast South  Central-West
Total 51,875,308 3,000,390 15,093,470 21,985,990 8,810,592 2,903,022
Sex**

Female only 56.6% 56.3% 59.4% 55.0% 56.6% 53.8%
Male only 40.1% 38.6% 376% 1.4% 1% 41.6%
Both 34% 51% 3.0% 3.6% 23% 4.6%

Race/color***

Unidentified 35.5% 30.6% M.7% 33.2% 331% 325%
White 30.8% 51% 8.0% 40.2% 57.7% 234%
Black/brown 30.0% 58.7% 42.4% 25.2% 81% 38.8%
Yellow 37% 55% 79% 1.5% 11% 4.5%
Indigenous 0.1% 01% 0.0% 0.0% 0.0% 0.4%
Ager**

00-17 1.7% 14.5% 12.8% 10.2% 12.2% 12.0%
18-40 25.0% 274% 27.5% 22.6% 25.6% 251%
41-60 31.3% 31.6% 315% 315% 30.4% 31.9%
60+ 31.8% 261% 27.8% 355% 31.5% 30.8%
Unknown 0.3% 03% 0.3% 0.3% 03% 0.3%
States of residence

1 98.9% 98.5% 99.0% 99.0% 98.5% 981%
2-14 11% 15% 1.0% 1.0% 11% 19%
Procedures

1 477% 48.0% 49.6% 46.8% 45.8% 49.7%
2 19.3% 16.8% 19.8% 19.0% 19.8% 205%
3 9.3% 7.6% 9.4% 9.3% 9.9% 87%
4 59% 4.5% 57% 6.2% 6.0% 5.5%
5 3.9% 3.0% 3.8% 3.9% 41% 37%
6 25% 2.3% 25% 3.0% 25% 2.6%
7 2.2% 1.6% 2.2% 2.2% 21% 2.0%
8 1.7% 15% 1.6% 19% 1.7% 1.6%
9 14% 13% 11% 1.6% 14% 11%
10 to 220 5.8% 13.3% 39% 61% 6.3% 41%
Diagnoses

0 239% 26.9% 311% 174% 28.0% 19.8%
1 50.7% 48.6% 475% 53.3% 48.6% 56.1%
2 14.4% 13.6% 12.6% 16.0% 13.9% 14.8%
3 55% 52% 4.6% 64% 51% 51%
4 2.5% 2.3% 2.0% 3.0% 21% 2.0%
5 1.2% 1.3% 1.0% 15% 1.0% 0.9%
6 0.7% 0.7% 0.5% 0.8% 0.5% 04%
702,098 1.2% 14% 0.8% 1.6% 0.8% 0.8%
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Table 3. Quality of the pseudonymized identifier based on the National Health Card in relation to the total number of users
with Outpatient Care Administrative Records (‘Producdo Ambulatorial’, SIA PA) in the Outpatient Information System, from
2008 to 2023, and the percentage of records requiring further investigation by period and by region*

Variable Users North Northeast Southeast South  Central-West
Total 51,875,308 3,000,390 15,093,470 21,985,990 8,810,592 2,903,022
Investigate (users of both genders, from more than 2 states, 15 procedures, or 10 diagnoses

2008 8.5% Nn.2% 73% 8.7% 84% 9.6%
2009 to 2015 5.8% 8.5% 5.3% 6.1% 52% 59%
2016 to 2021 6.4% 161% 45% 6.8% 54% 74%
2022 45% 15.3% 2.7% 4.5% 3.6% 4.6%
2023 31% 1M.4% 1.8% 29% 2.8% 3.3%

Source: Own elaboration.

*According to the municipality of residence at the first appointment. **Distinct sexes recorded at each appointment. ***At the first

appointment.

In table 4, when applying stricter criteria
for data cleaning in oncological treatment,
considering users recorded as both sexes, with
more than one state of residence, more than
eight procedures, or more than six diagnoses,
the proportion of non-unique users drops to
0.46%. These records should be cleaned using
additional attributes (such as age and treat-
ment profile) or excluded from the analysis,
depending on the study’s objective. The quality
of the pseudonymized identifier has improved
over time with the evolution of CadSUS,
through the reconciliation of local and national
registries, the integration of the Master Patient

Index (MPI) with the Federal Revenue Service
database starting in 2016, and the designation
of the Individual Taxpayer Registry (CPF) as
the single national identifier beginning in 2021.
is worth noting that data cleaning require-
ments for SUS user records remain consider-
ably higher in the North region compared to
other regions, reaching 11.4% in 2023, while
the lowest rate was observed in the Northeast,
at1.8%, according to the criteria applied. When
analyzing specific policies, such as oncology,
the proportion of records requiring cleaning
in the North was 1.5% of cases, compared to
0.3% in the Southeast in 2023.

Table 4. Quality of the pseudonymized identifier based on the National Health Card for the total number of oncology users

(chemotherapy - AQ and radiotherapy - AR) with Outpatient Care Administrative Records in the Outpatient Information

System, from 2008 to 2023, and percentage of records requiring investigation by period and by region*

Variable User North Northeast  Southeast South Central-West
Total 3,168,693 135,069 701,393 1,455,544 672,032 204,655
Sex**

Female only 53.7% 575% 56.1% 52.7% 52.8% 53.5%
Male only 457% 41.2% 43.3% 46.8% 46.7% 45.8%
Both 0.6% 1.4% 0.6% 0.5% 0.5% 0.6%
Race/color***

White 46.7% 87% 17.6% 52.6% 779% 27.0%
Black/brown 33.8% 54.5% 56.0% 31.8% 8.8% 401%
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Table 4. Quality of the pseudonymized identifier based on the National Health Card for the total number of oncology users
(chemotherapy - AQ and radiotherapy - AR) with Outpatient Care Administrative Records in the Outpatient Information
System, from 2008 to 2023, and percentage of records requiring investigation by period and by region*

Variable User North Northeast  Southeast South Central-West
Total 3,168,693 135,069 701,393 1,455,544 672,032 204,655
Unidentified 17.5% 35.8% 20.7% 14.5% 12.6% 319%
Yellow 2.0% 0.8% 57% 11% 0.7% 0.8%
Indigenous 0.0% 0.2% 0.0% 0.0% 0.0% 0.1%
Age***
00-17 2.6% 5.0% 33% 2.2% 19% 3.3%
18-40 85% 13.8% 10.2% 79% 8.3% 10.5%
41-60 35.5% 38.6% 354% 34.9% 35.8% 37.6%
60+ 52.8% 42.5% 50.9% 54.9% 53.8% 484%
Unknown 0.1% 0.2% 0.1% 0.1% 0.1% 0.2%
States of residency
1 99.2% 96.0% 991% 99.6% 99.4% 98.5%
2-4 0.8% 4.0% 0.9% 04% 0.6% 1.5%
Procedures
1 38.2% 37.9% 37.0% 38.2% 391% 39.7%
2 17.8% 17.2% 181% 17.6% 179% 18.6%
3 9.3% M.7% 101% 91% 82% 94%
4 8.5% 9.8% 8.0% 9.2% 71% 8.5%
5 10.8% 101% 10.8% 11% 10.5% 9.5%
6 8.3% 74% 8.2% 81% 9.2% 7.8%
7 41% 3.5% 4.7% 3.8% 44% 3.8%
8 17% 1.3% 19% 1.6% 2.0% 1.6%
9-18 1.3% 0.9% 1.3% 1.2% 15% 1.2%
Diagnoses
1 70.5% 68.1% 69.8% 71.2% 70.3% 69.8%
2 24.0% 264% 25.2% 23.2% 23.6% 251%
3 4.5% 4.5% 4.2% 4.5% 49% 4.3%
4 0.8% 0.8% 0.6% 0.9% 1.0% 0.7%
5 02% 0.1% 0.1% 0.2% 02% 01%
6 0.0% 0.0% 0.0% 0.1% 0.0% 0.0%
7+ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Investigate (users of both sexes, more than 1state, 8 procedures, or 6 diagnoses)
2008 3.8% 12.7% 3.6% 32% 35% 44%
2009 a 2015 3.2% 54% 3.6% 2.7% 3.2% 395%
2016 a 2021 24% 6.4% 24% 1.8% 2.5% 31%
2022 0.8% 3.8% 0.8% 0.5% 0.6% 11%
2023 0.5% 15% 04% 0.3% 0.4% 0.6%

Source: Own elaboration.

* According to the municipality of residence at the first appointment. ** Different sexes recorded at each appointment. *** At the first
appointment.
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The transparency provided by open data
and their organization in repositories or data
lakes allows for the exploration of how certain
policies are implemented and enables both
exploratory and data-driven analyses. For
example, as shown in table 5, hemodialysis
was provided for 466,918 users, whose average
cost of BRL 81,945.25, according to official

figures without deflation, corresponding to a
long-term treatment, with a median duration
of 818 days. Additionally, neuropsychomotor
development rehabilitation stands out, with
a median age of 6 years and an average cost
per user of BRL 6,820.61, accounting for 426
procedures per user based on a simple average.

Table 5. Characterization of procedures performed more than three times per user among the SUS users with the highest

numbers, from 2008 to 2023

Treatment

Records per Quantity per Value per days Age
Procedure Users user use user(BRL) (median) (median)
Hemodialysis (maximum 3 sessions 466,918 36 445 81,945.25 818 56
per week)
Urea measurement 495,295 33 63 16.26 849 56
Potassium measurement 482,057 34 34 63.05 848 56
Care/monitoring of patients under- 103,736 155 426 6,820.61 605 6
going neuropsychomotor develop-
ment rehabilitation
Glutamic-pyruvic transaminase 477,795 33 33 67.33 849 56
(GPT) dosage
Phosphorus measurement 448,613 36 36 65.99 820 56
Calcium measurement 451,827 35 35 65.54 847 56
Formoterol 12 mcg + Budesonide 457793 33 35 1,034 59
400 mcg inhalation powder (per
60-dose bottle)
Physiotherapy for motor disorders 512,731 27 69 324.80 147 50
Atorvastatin 20 mg (per tablet) 461,091 28 1,221 879 62
Alfaepoetin 4,000 IU injectable 491314 25 279 848 59
(per vial)
Creatinine dosage 495,165 19 19 3597 819 56
Olanzapine 10 mg (per tablet) 235,140 38 1554 1,423.08 1153 39
Hematocrit 339,472 26 26 40.33 849 56
Hemoglobin measurement 336,777 26 26 40.21 849 56
Complete blood count 480,839 17 17 70.27 969 55
Specialized medical consultation 789,478 10 n 115.88 666 53
Formoterol 12 mcg + Budesonide 295,265 27 1,31 941 61
400 mcg (per inhalation capsule)
Glucose measurement 352,682 21 21 3841 939 57
Azathioprine 50 mg (per tablet) 191,635 35 2,622 1,095 39
Hormone therapy for advanced 270,434 25 25 7491.04 697 72
prostate adenocarcinoma - 1Ist line
Atorvastatin 40 mg (per tablet) 321,568 21 751 606 64
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Table 5. Characterization of procedures performed more than three times per user among the SUS users with the highest

numbers, from 2008 to 2023

Treatment

Records per Quantity per Value per days Age
Procedure Users user use user (BRL) (median)  (median)
Sodium measurement 247959 27 27 4972 757 57
Ferric hydroxide saccharate 100 mg 345,532 19 82 355.58 817 57
injectable (per 5 ml vial)
Hormone therapy for stage Il breast 177361 36 36 2,883.72 1154 57
carcinoma
Leflunomide 20 mg (per tablet) 191,217 33 994 1,24115 971 55
Tacrolimus T mg (per capsule) 115,763 51 6,692 229.86 1,549 46
Timolol 5 mg/ml ophthalmic solu- 219,855 25 25 909 65
tion (per 5 ml bottle)
Risperidone 2 mg (per tablet) 193,391 28 1,668 132.41 789 38
Alkaline phosphatase measurement 365,816 15 15 29.39 1,031 55

Source: Own elaboration.

Note: Values are not deflated. Medication prices are not maintained in the SUS Management System for Procedures, Medications,
Orthotics, Prosthetics, and Special Materials (SIGTRAP). and, therefore, are not recorded in the Outpatient Information System (SIA).

Discussion

The study highlighted the ability to manage
and improve open data without relying on pro-
fessionals specialized in server administration,
but rather with public health specialists who
possess substantial knowledge of information
technology, taking on a role similar to that of
health data analysts or data engineers?”.

The SUS recorded 3,135 outpatient proce-
duresin the STA, according to the Management
System for the Table of Procedures, Medicines,
Orthoses, Prostheses, and Special Materials
(SIGTRAP), performed under 16,407 primary
diagnoses. The open data are not provided in
a user-oriented format but are fragmented
by the corresponding Public Health Actions
and Services (ASPS). Consequently, when an
administrative decision is made to discon-
tinue a given ASPS in the SIA, the user may no
longer be monitored in an integrated manner
across other outpatient and specialized poli-
cies, as illustrated in table 1 with data from
AN reports, which only covers the period
from 2008 to 2014.

When assessing the absence of procedures
performed according to the municipality of
residence, the data may reveal gaps in health-
care provision. However, they may also indicate
a practice of registering patients outside their
domicile to gain access, revealing weaknesses
in the Integrated Regional Planning (PRI)
and intergovernmental conflicts, and conse-
quently, challenges in coordination between
municipalities. Health services should ideally
be resolved at the regional level rather than en-
tirely within a single municipality, and access
should not be restricted for individuals who
do not reside in the municipality where care
is provided3"32,

Although open data are widely used in aca-
demic research and by SUS management, the
use of the national health card has been ques-
tioned in various forums due to possible in-
consistencies. These include duplicate records
resulting from local information systems in
municipalities and states that issue their own
identification numbers for citizens, without
synchronizing them with the national database
maintained by the Ministry of Health33.
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Assessing the quality of pseudonymized
identifiers is essential, as illustrated in
tables 3 and 4. The analysis enables the iden-
tification and exclusion of records whose
identifiers present inconsistencies, such as
the possible use of the same identification
number by different managers for different
individuals. Several indicators can be used
to refine the dataset, including the number
of states of residence, discrepancies in sex
or age (calculated from the first record
and the date of care), divergent treatment
durations, and a statistically implausible
number of procedures or diagnoses for a
single individual. For example, only 3.05%
of records showed inconsistencies, such as
both sexes recorded, more than two states
of residence, fifteen or more procedures,
or ten or more diagnoses, supporting the
use of these exclusion criteria to ensure the
integrity of the analysis.

Thus, this study demonstrated that the
national data consolidation and the provi-
sion of the pseudonymized identifier can
be leveraged to define population strata
according to health policies, and even to
establish cohorts based on treatment or
diagnosis.

It is important to highlight the practical
expertise of health informatics profession-
als in employing simple coding approaches
and household-level hardware resources.
One of the main challenges in processing
outpatient data lies in handling the original
DBC files, which contain millions of records.
The official decompression tool provided
by the Ministry of Health, dbf2dbc.exe, was
the only one capable of processing all data
files using domestic computing resources
without errors. Consistent results could not
be obtained when alternative tools were
used for states with larger datasets, such
as Sdo Paulo and Minas Gerais, particu-
larly after 2019, when employing alternative
statistical or interpreted programming lan-
guages such as R and Python on household
computers®34,
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Bash is also an interpreted language, that
is, it functions as a command interpreter, ex-
ecuting instructions provided by the operating
system. However, Bash is primarily designed
for interactive use, which means it is opti-
mized for the immediate execution of system
commands without requiring compilation or
complex code structuring. The advantage
of using Bash for ETL processing lies in its
focus on automating tasks in Unix and Linux
systems, including executing operating system
commands, manipulating files, processing text,
and creating terminal (shell) scripts.

The processing was carried out without
using specialized big data tools, avoiding
visual ETL platforms with ‘drag-and-drop’
functionalities. Instead, Bash ingestion tech-
niques and SQL operations were employed,
following best practices for development
with open-source software. As a result,
this approach is optimized for operations
common to the command-line environ-
ment rather than ETL solutions from eco-
systems such as Pentaho or Informatica
PowerCenter®, including direct and efficient
access to Unix/Linux operating system re-
sources. This means that many operations
can be performed without the overhead as-
sociated with initializing a virtual machine
(as in Python) or processing complex data
(asin R). Additionally, the approach is char-
acterized by low memory and processing
overhead due to its direct nature and focus
on simple system tasks35-38,

Deficiencies in financial transfers can
create inequities in access to Dialytic
Treatment (ATD) across different regions
of Brazil and hinder evaluation efforts
when data are missing from the informa-
tion system, whether related to procedures
or medications. Consequently, gaps in the
dissemination of official data linked to the
original information systems can lead, for
example, to discrepancies in reported ex-
penditures across different sources, with
estimates varying according to the methods
of the pharmacoeconomic study.



Conclusions

This study underscored the importance of stan-
dardizing open microdata within an integrated
dissemination framework to facilitate longitu-
dinal analyses of administrative data, serving as
a shared and accessible resource for dialogue
between the State and civil society. Unfortunately,
hospital data, disease notifications, live births,
deaths, and immunization records, although
available in the TabWin/TabNet system, are not
provided in an integrated, open format. While
these records are individualized by care contact
or user, their current structure prevents longitu-
dinal analysis of patient pathways within the SUS.
Nevertheless, when systematically compiled and
organized into data lakes, such microdata offers
considerable potential for ecological studies at
the municipal level, supporting indicator systems
and situational analysis platforms40-43,

The study demonstrated the importance of
assessing ETL quality at each stage and trans-
parently reporting the resulting data in studies
involving large volumes of disseminated infor-
mation. This work advocates for the practice of
open science with the provision of source code,
not only to ensure reproducibility but, above
all, to address the challenges posed by deep
learning neural networks and the inevitable
use of generative Artificial Intelligence (AI).
Careful attention to data quality can serve
as a safeguard against AT hallucinations and
spurious assertions, preventing the creation
of additional vectors of misinformation.

Digital transformation in health is ex-
pected to provide integrated data lakes,
enabling researchers and managers to lever-
age health informatics knowledge using a
comprehensive data foundation. This would

Potential for health monitoring: Exploring SUS outpatient open data 13

prevent fragmentation of data by manage-
ment service, care, or surveillance conducted
before the establishment of the National
Health Information and Informatics Policy
(PNIIS), while promoting user-centered SUS
data in line with the principles of tripartite
agreements44-46,
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