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Resumo
A Organização das Nações Unidas (ONU) estabeleceu dezessete metas globais prioritárias,
também conhecidas como Objetivos de Desenvolvimento Sustentável. Dentre elas, no obje-
tivo intitulado “Saúde e Bem-estar”, promove-se o declínio da taxa de mortalidade materna
global para menos de 30 mortes a cada 100.000 nascidos vivos no Brasil, até o ano de 2030. O
declínio da mortalidade materna é um importante indicador para a avaliação da qualidade da
assistência à saúde e possui relação direta com o índice de desenvolvimento humano do país.
Para que os objetivos sejam atendidos, é necessária a compreensão dos fatores de risco à saúde
reprodutiva e, uma forma de compreendê-los, é com o mapeamento das ocorrências de quase
mortes maternas, ou near miss materno. Conceitualmente, o near miss materno se trata de
uma mulher que sofreu riscos de vida devido a uma complicação ocorrida durante a gravidez,
parto ou puerpério. No Brasil, o Sistema de Informação Hospitalar (SIH/SUS) disponibiliza
dados de morbidade do país, com o passar dos anos, pelo Departamento de Informática do
Sistema Único de Saúde (DATASUS). Esta pesquisa realizou o monitoramento de casos no
país entre os anos 2002 e 2021 por meio desta ferramenta, e criou um modelo preditivo de ca-
sos. Para a aquisição e identificação de casos de near miss materno, foi utilizada a linguagem
Python. Foram desenvolvidos filtros conforme as três métricas de classificação existentes na
literatura: Waterstone et al. (2002), Mantel et al. (1998) e Organização Mundial da Saúde
(Say et al., 2009). Para a criação do modelo preditivo, foram utilizados dados do Instituto
Brasileiro de Geografia e Estatística (IBGE), visando identificar a influência das variáveis so-
cioeconômicas nas taxas de near miss materno. A pesquisa possibilitou uma nova abordagem
de near miss materno, contribuindo para a compreensão do panorama temporal de assistência
à saúde reprodutiva pelo Sistema Único de Saúde (SUS) do Brasil. Os resultados da pesquisa
contribuem para a identificação dos principais riscos que gestantes e puérperas estão expostas
no sistema de saúde brasileiro, bem como a identificação de indicadores socioeconômicos que
influenciam essas ocorrências. Com tal conhecimento é possível criar medidas de intervenção
para a redução de casos de morbimortalidade e, consequentemente, melhorar a assistência à
saúde da mulher.

Palavras-chave: Near miss materno; Morbimortalidade materna; SUS; SIH/SUS; PySUS.
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Abstract
The United Nations (UN) has established seventeen priority global goals, also known as
Sustainable Development Goals. Among them, the goal entitled "Health and Wellbeing" pro-
motes the decline of the global maternal mortality rate to less than 30 deaths per 100,000
live births in Brazil by the year 2030. The decline in maternal mortality is an important in-
dicator for assessing the quality of health care and is directly related to the country’s human
development index. To meet the objectives, it is necessary to understand the risk factors
for reproductive health, and one way to understand them is by mapping the occurrences of
maternal near death, or maternal near miss. Conceptually, a maternal near miss is a woman’s
life-threatening condition due to a complication that occurred during pregnancy, delivery, or
the puerperium. In Brazil, the Hospital Information System (SIH/SUS) provides morbidity
data for the country, over the years, by the Department of Informatics of the Unified Health
System (DATASUS). This research conducted case monitoring in the country between 2002
and 2021 using this tool, and created a predictive model of cases. For the acquisition and
identification of maternal near miss cases, the Python language was used. Filters were de-
veloped according to the three classification metrics existing in the literature: Waterstone et
al. (2002), Mantel et al. (1998), and World Health Organization (Say et al., 2009). To create
the predictive model, data from the Brazilian Institute of Geography and Statistics (IBGE)
were used, aiming to identify the influence of socioeconomic variables on maternal near-miss
rates. The research enabled a new approach to a maternal near miss, contributing to the un-
derstanding of the temporal panorama of reproductive health care by the Brazilian Unified
Health System (SUS). The research results contribute to the identification of the main risks
that pregnant and postpartum women are exposed to in the Brazilian health system, as well
as the identification of socioeconomic indicators that influence these occurrences. With such
knowledge, it is possible to create intervention measures for the reduction of morbidity and
mortality cases and, consequently, improve women’s health care.

Keywords: Maternal Near miss; Maternal morbidity and mortality; SUS; SIH/SUS; PySUS.
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1 Introdução

1.0.1 Saúde materna

O combate à mortalidade materna tem sido uma mobilização mundial emergente.

Foram iniciados esforços para a prevenção e detecção de complicações obstétricas, visando

reduzir estimativas como as da década de 1980, em que aproximadamente 500 mil mulheres

vinham a óbito anualmente por causas evitáveis relacionadas à gestação (Souza, 2015). Como

um dos primeiros passos à mudança, a redução da mortalidade materna foi estabelecida

como meta nos Objetivos de Desenvolvimento do Milênio (ODM), promulgados pelas Nações

Unidas, entre os anos 1990 e 2000 (Cecatti and Parpinelli, 2011; Souza, 2015).

Com o aprofundamento na compreensão dessa problemática, os aspectos sociais e

econômicos também foram interpretados como determinantes para os casos de mortalidade

materna, re�etindo o desenvolvimento humano em um país (Souza, 2015; Freitas-Júnior,

2020; Herdt et al., 2021). Então, fatores como nível de instrução, renda, local de nascimento,

apoio social e acessibilidade à saúde podem estar fortemente relacionados com os índices de

mortalidade materna em uma região (Souza, 2015; Freitas-Júnior, 2020; Rosendo et al., 2017;

de Graaf et al., 2013).

Sucedendo os ODM, em 2015, foi instaurada uma nova iniciativa global denominada

Objetivos do Desenvolvimento Sustentável (ODS). Nesta são ampliados os esforços para a

eliminação da mortalidade materna evitável, com o objetivo de reduzir a razão de mortalidade

materna global para um número inferior a 70 mortes maternas a cada 100 mil nascidos vivos

até o ano de 2030 (Souza, 2015). No Brasil, a razão de morte materna registrada em 2015

foi estimada em 62 mortes a cada 100 mil nascidos vivos (IPEA, 2018). Logo, o objetivo

estabelecido para o Brasil foi a redução para menos de 30 óbitos maternos a cada 100 mil

nascidos vivos (Souza, 2015).

Os esforços para a extinção da morte materna evitável estão muito além da perspec-

tiva de qualidade do sistema de saúde de um país. A gestação é uma condição natural do

organismo, sendo, portanto, um direito social da mulher o acesso a serviços obstétricos de

qualidade (Freitas-Júnior, 2020). A negligência no acesso, no cuidado e a exposição a riscos

de vida não se trata apenas de um sistema de saúde de�ciente, mas também de uma situação

de injustiça social e de violação dos direitos humanos fundamentais (Freitas-Júnior, 2020).
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1.0.2 Near missmaterno

À luz da análise de que mortes maternas evitáveis representam um indicador de ini-

quidade social, possíveis efeitos e sequelas na saúde da mulher durante a gestação, parto e

pós-parto também devem ser fatores a serem analisados.

Near missmaterno, ou quase morte materna, é um conceito utilizado para uma mulher

que quase morreu, mas sobreviveu a uma complicação que ocorreu durante a gravidez, parto

ou puerpério (Souza et al., 2007; Say et al., 2009; Nakamura-Pereira et al., 2013). Embora os

ODS estabeleçam a redução da mortalidade materna como meta, a compreensão dos riscos

que a mulher corre em todas as fases da gestação e das sequelas que a exposição a esses riscos

podem trazer para a sua saúde, são vitais para a identi�cação dos fatores que podem levá-las

a óbito (Souza et al., 2007).

Paralelamente à análise de mortalidade materna, onear missmaterno também encontra-

se diretamente relacionado ao índice de desenvolvimento do país, de qualidade no atendimento

de saúde, de facilidade no acesso às redes básicas de atendimento, dentre outros (Rosendo

et al., 2017; Carvalho et al., 2019; Freitas-Júnior, 2020).

Para a consolidação do conceito denear missmaterno, foi necessária uma delimitação

consensual acerca de eventos que caracterizariam um risco de vida à gestante (Nakamura-

Pereira et al., 2013). De acordo com estudos realizados por especialistas, sob a chancela da

Organização Mundial da Saúde (OMS), a caracterização denear missmaterno seria baseada

por 25 critérios clínicos, laboratoriais e de manejo (Say et al., 2009; Nakamura-Pereira et al.,

2013), conforme descrito no Anexo 1. Além disso, também são amplamente utilizados os

critérios de classi�cação estabelecidos pelos estudos de Mantel et al. (1998) (Anexo 2) e de

Waterstone et al. (2002) (Anexo 3).

1.0.3 Sistema Único de Saúde (SUS)

No Brasil, o Sistema Único de Saúde (SUS) dispõe de um Departamento de Infor-

mática (DATASUS) que tem como objetivo disponibilizar informação e suporte de infor-

mática para processos de planejamento, operação e controle hospitalares e administrativos

(de Araujo Lima et al., 2009). A base de dados do Sistema de Informação Hospitalar (SIH-

SUS) possui grande potencial para identi�car casos denear missmaterno, tendo em vista que

é uma extensa fonte de informações sobre a morbidade hospitalar no país (Nakamura-Pereira

et al., 2013).

Estudos anteriores utilizaram a base de dados SIH-SUS juntamente aos critérios de

near missmaterno por meio dos códigos de procedimentos utilizados na assistência obstétrica

e os códigos de diagnósticos por meio da Classi�cação Internacional das Doenças - 10ª revisão
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(CID-10) (Carvalho et al., 2019).

1.1 Justi�cativa

A análise de casos denear miss materno contribui para a compreensão dos fatores

que podem trazer riscos à saúde da mulher em todos os estágios da gestação. Atualmente, a

maioria dos estudos que buscaram dados denear missutilizaram bases de dados hospitalares,

tornando a análise mais local e exigindo um elevado custo operacional para a identi�cação

dos casos (Carvalho et al., 2019; Nakamura-Pereira et al., 2013). Por outro lado, em outras

pesquisas foram utilizadas as bases de dados online do SUS (Carvalho et al., 2019; Nakamura-

Pereira et al., 2013; Herdt et al., 2021). No entanto, foi encontrada grande di�culdade em

correlacionar os critérios estabelecidos para a classi�cação denear misscom os códigos dos

procedimentos adotados pelo SIH-SUS (Carvalho et al., 2019; Nakamura-Pereira et al., 2013;

Herdt et al., 2021).

Ademais, as diferenças existentes entre as métricas de classi�cação donear miss -

Mantel et al. (1998), Waterstone et al. (2002) e OMS (Say et al., 2009) - trazem complexidade

na interpretação dos resultados.

Esses entraves encontrados na literatura evidenciam a di�culdade no monitoramento

dos casos que, consequentemente, afetarão na identi�cação dos fatores que colocam a saúde

reprodutiva em risco. Desta forma, o presente trabalho analisou estimativas a nível popula-

cional, através do SIH-SUS, e correlacionou com critérios socioeconômicos, disponibilizando

um panorama completo da realidade brasileira.

1.2 Objetivos

1.2.1 Objetivos Gerais

Desenvolver um sistema para identi�cação, monitoramento e previsão de casos denear

miss materno utilizando dados do DATASUS.

1.2.2 Objetivos Especí�cos

Os objetivos especí�cos do trabalho são:

ˆ Identi�car o número de near missmaterno por estado brasileiro utilizando os critérios

de Say et al. (2009), de Mantel et al. (1998) e de Waterstone et al. (2002) usando as

bases de dados públicas do DATASUS.
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ˆ Levantar variáveis que mais impactam no número denear misspor região, utilizando

variáveis socioeconômicas.

ˆ Identi�car regiões de alta vulnerabilidade aonear miss.

ˆ Criar um modelo preditivo de casos.
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2 Artigo 1

Brazilian Prevalence of Maternal Near Miss ca-
ses between 2002 and 2021: an Identi�cation
and Prediction Analysis
Tainá S. Rêgo¹, Bruno G. Spinelli ¹, Abner C. Rodrigues¹, Reginaldo A. O. F. Junior ¹

¹Edmond and Lily Safra International Institute of Neuroscience/ Santos Dumont Institute (IIN-ELS/ISD)

Abstract

This descriptive observational research aims to identify and predict occurrences of maternal

near miss in Brazil from 2002 to 2021. For this, the digital tool of the Hospital Information

System of the Uni�ed Health System (SIH-SUS) and analysis in Python language were used.

It was possible to evaluate the occurrences of maternal near miss, according to the three

classi�cation criteria existing in the literature, the quality and accessibility of maternal health

in the country, and to propose the direction of e�orts to reduce maternal mortality and

gender equity in care. The results of the research also contributed to understanding the

socioeconomic aspects underlying the occurrences and evaluating the data made available by

the Department of Informatics of the SUS (DATASUS) for epidemiological analysis purposes.

Keywords: Maternal near miss; reproductive health; women's health; SUS; SIH.

Introduction

Reproductive health care has been an emerging global issue. In 1990, the United

Nations (UN) established the Millennium Development Goals (MDGs) to eliminate extreme

global poverty, hunger, and other factors a�ecting primarily the population of developing

countries (Nations, 1990; Roma, 2019). Among them, improving maternal health by reducing

the maternal mortality ratio by three-quarters and promoting universal access to reproductive

health by 2015 (Nations, 1990).

Such e�orts for improvement in obstetric care measures were motivated by aiming to

reduce estimates, as in the 1980s, in which approximately 500,000 women worldwide died

annually from causes considered preventable during pregnancy (Souza, 2015). By the year

of completion of these goals, it was estimated to reduce almost half of the cases of maternal

mortality, with approximately 289,000 maternal deaths in 2013, and prenatal care for only

half of the pregnant women in the world (Nations, 1990).

Therefore, in 2015, a new global initiative called the Sustainable Development Goals

*Não submetido
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(SDGs) was instated, with more extensive e�orts to eliminate preventable maternal death.

The goal entitled "Good Health and Well-Being"aims to reduce, by 2030, the global maternal

mortality ratio to less than 70 deaths per 100,000 live births (Nations, 2015). In 2015, in

Brazil, the recorded maternal death ratio was estimated at 62 deaths per 100,000 live births

(IPEA, 2018). Then, as a speci�c goal of the country, it is intended to achieve a rate of less

than 30 maternal deaths for every 100,000 live births (IPEA, 2018).

The growing search for solutions has led to the understanding of factors underlying

high maternal mortality rates. Social, economic, and sanitary aspects such as income, social

support, level of education, place of birth, accessibility to health care, failure or delay in

diagnosis, and inadequate treatment have direct relationships with maternal morbidity and

mortality rates in a region or country (Souza, 2015; Freitas-Júnior, 2020; Rosendo et al., 2017;

de Graaf et al., 2013; Benimana et al., 2018; Lawton et al., 2015; Lepine et al., 2018; Soma-

Pillay and Pattinson, 2016). However, when the risk to the life of pregnant or postpartum

women is associated with issues not inherent to pregnancy, such as lack of accessibility to

health care and negligence in care, the reality of social injustice and violation of fundamental

human rights is re�ected (Freitas-Júnior, 2020). It is a woman's social right to equity in

access to health care and respect for life (Freitas-Júnior, 2020).

In light of the analysis that preventable maternal deaths represent an indicator of

social inequity and the development of a country, possible e�ects and sequelae on women's

health resulting from pregnancy, delivery, and postpartum should also be factors to be analy-

zed (Freitas-Júnior, 2020; Rosendo et al., 2017; Carvalho et al., 2019; Cecatti et al., 2016).

Maternal Near miss (MNM) is conceptualized, according to Say et al. (2009), as "a woman

who almost died but survived the complication occurring in pregnancy, delivery, or up to 42

days after the end of pregnancy". Understanding these risks is vital for targeted intervention

and case prevention to reduce overall maternal morbidity and mortality rates in the future

(Say et al., 2009; Souza et al., 2007; Baskett and O'Connell, 2005; Wen et al., 2005).

Despite the conceptual consolidation, there was a di�culty in delimiting the events

that characterize a maternal near miss (Say et al., 2004; Souza et al., 2006; Nakamura-

Pereira et al., 2013). Thus, under the seal of the World Health Organization (WHO), a group

of researchers characterized the term based on 25 clinical, laboratory, and management crite-

ria, classifying the cases into cardiovascular, respiratory, renal, hematological or hemostatic,

hepatic, and neurological dysfunctions (Say et al., 2009; Nakamura-Pereira et al., 2013).

Other groups of researchers have also conducted analyses of MNM classi�cation me-

trics. Mantel et al. (1998) and Waterstone et al. (2002), are metrics widely used in the

literature for classifying cases. In Mantel et al. (1998), occurrences were classi�ed accor-
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ding to their nature, including cardiac, immunologic, respiratory, renal, hepatic, metabolic,

coagulatory, and subarachnoid or intracerebral hemorrhage types of dysfunction. Whereas

in Waterstone et al. (2002), speci�c occurrences of severe preeclampsia, eclampsia, HELLP

syndrome (hemolysis, elevated liver enzymes, low platelet count), severe hemorrhage, sep-

sis, uterine rupture, acute abdomen, and human immunode�ciency virus (HIV) disease were

classi�ed.

The Brazilian public health system, or Uni�ed Health System (SUS), has the Depart-

ment of Informatics (DATASUS), which provides population health information for planning,

operation, and hospital and administrative controls (DATASUS, 2023). Among the databases

provided, the Hospital Information System (SIH-SUS) provides data on hospital morbidi-

ties in the country, expanding its use for epidemiological research (Bittencourt et al., 2006;

Nakamura-Pereira et al., 2013).

In the literature, the SIH-SUS database is used in conjunction with the maternal near

miss criteria, classi�ed using the diagnosis codes of the International Classi�cation of Diseases

- 10th revision (ICD-10) (DiSantostefano, 2009; Nakamura-Pereira et al., 2013; Carvalho

et al., 2019; Silva et al., 2016; Rosendo and Roncalli, 2016; Magalhães and Bustamante-

Teixeira, 2012; Magalhães et al., 2013). However, there is heterogeneity in the analysis of

cases, being at municipal, state, and regional levels, in distinct periods, or using only one of

the metrics of maternal near miss classi�cation, making it di�cult to identify the overview

of the Brazilian reality.

Therefore, this study proposed to analyze the cases of MNM in Brazil between 2002

and 2021, using the three MNM classi�cation criteria in parallel. Thus, the study proposed

to 1) classify the cases in Brazil by using the SIH-SUS; 2) analyze which factors most impact

maternal near miss rates by region; 3) identify the regions of the high vulnerability of cases;

and 4) create a predictive model of cases under the analysis of socioeconomic variables.

Methods

A. Data Acquisition and Analysis

A1 Sex, age and prenatal enrollment criteria

We adopted the criteria of the female sex, with an age range between 10 and 49,

which, according to art. 2º, x 3º, of Ordinance number 1,119 of the Ministry of Health, is

considered the fertile age of women in Brazil (da Saude, 2008). Also, only the occurrences of

women with prenatal registration were selected, for �ltering pregnant or postpartum women

in the sample.

A2 Maternal near miss criteria
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The identi�cation of maternal near miss cases was performed according to the occur-

rences classi�ed by the International Code of Diseases - 10th revision (ICD-10) related to the

main diagnosis columns in the SIH-SUS database, as presented in (Nakamura-Pereira et al.,

2013; Carvalho et al., 2019; Herdt et al., 2021). We created �lters for the classi�cation of

the occurrences based on the Waterstone (Waterstone et al., 2002), Mantel (Mantel et al.,

1998), or World Health Organization (Say et al., 2009) criteria, to be used in parallel in the

analysis.

B. Maternal near miss rate

The maternal near miss rate (MNMR) was calculated for each year of available regis-

tration in all regions of the country. The numbers were obtained using the equation:

MNMR =
� MNM

�
(2.1)

where� MNM represents the number of maternal near miss cases and� the number of women

with hospital admission authorization (AIH) records.

C. Computational tools

The epidemiological analysis of the research was based on the Python programming

language (Python, 2022), with the PySUS (PySUS, 2016) libraries for the acquisition of data

made available by DATASUS; Pandas (PANDAS, 2023), Numpy (Numpy, 2023), and Scipy

(Scipy, 2023), for data handling and analysis; Matplotlib (Matplotlib, 2021), for plotting the

analysis graphics; Sidrapy (Sidrapy, 2022), for handling data from the Brazilian Institute of

Geography and Statistics (IBGE); Statsmodels (Statsmodels, 2021) and Scikit-learn (Scikit-

learn, 2021) for performing the statistical analyses. A statistical signi�cance level of 5% was

established.

Results

A. Sample description

In Brazil, between the years 2002 and 2021, 7,125,107 hospital admission authori-

zations (AIH) were recorded for women with prenatal records, between the ages of 10 and

49. Among them, 11,545 admissions were recorded in Intensive Care Units (ICU), with the

Southeast region being the most numerous (n = 6241). The year 2012 showed growth in

most regions of Brazil, especially in the Northeast (n = 424) and the Southeast (n = 407)

(Fig. 1A). The Southeast region shows a growth rate over the years, reaching 2017 its highest

number of admissions (n = 553) (Fig. 1A).

In Figure 1A, the temporal rates of ICU admissions by pregnant or postpartum women
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in Brazil are demonstrated. Figures 1B-E show the rates of occurrences, according to chapter

XV (codes related to pregnancy, childbirth, and puerperium) of ICD-10, most common among

the sample group of the survey.

Figure 1 - Maternal morbidity and mortality rates in Brazil

Note: The calculation of the occurrence rate is given by the number of occurrences in the region,
divided by the number of AIHs in the region, and multiplied by 1000. A) represent the ICU admis-
sion rates for pregnant and postpartum women between 2002 and 2021; and the main occurrences
identi�ed in this period were: B) preeclampsia, C) eclampsia, D) severe hemorrhage, and E) sepsis.

The sample acquired from MNM �ltering of the data was 112,441 cases of women
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according to the Waterstone criteria, 7,366 cases according to the Mantel criteria, and 24,234

cases according to WHO. The Southeast and Northeast regions were the most numerous

according to the Waterstone (nsoutheast = 55,018;nnortheast = 21,763) and WHO (nsoutheast =

6,987;nnortheast = 6190) criteria. According to the Mantel criteria, the Southeast and South

regions (nsoutheast = 3776; nsouth = 1424) occupied the �rst positions (Table 1).

The most common maternal morbidity recorded according to the Waterstone criteria

was severe preeclampsia (n = 75,357), with higher prevalence in the Central-west region of

Brazil (73.9%). Followed by severe hemorrhage (n = 23,194), with higher prevalence in the

South region (29.2%). According to Mantel �ltering, coagulatory dysfunctions were the most

numerous (n = 3,409), with a higher incidence in the Southeast region (61.7%). Immuno-

logical dysfunctions were also more numerous (n = 2,162), mainly in the Northeast region

(48.7%). By �ltering based on WHO criteria, cardiovascular disorders totaled 14,883 cases,

predominantly in the Northern region (78.7%). In the second place, neurological disorders (n

= 4,877), with the highest rate in the Northeast region (32.4%). Data for all occurrences are

available in Supplementary Table 1.

Chi-square tests of independence were performed to identify associations between

the MNM criteria and the age intervals of 10 to 34 years and 35 to 49 years (Table 1).

Signi�cant associations were found between age intervals and maternal near miss criteria in

all regions of Brazil (� 2
north (2) =10.9, p=.004, � 2

northeast (2) =14.22, p=.001, � 2
central � west(2)

=12.52, p=.002, � 2
southeast (2) =10.42, p=.005, and � 2

south (2) =362.4, p=.000), by the chi-

square test for independence (Table 1). As well, signi�cant associations were found between

the type of pregnancy and maternal near miss criteria in all regions of Brazil (� 2
north (2)

=2,403.1, p=.000, � 2
northeast (2) =208.2, p=.000, � 2

central � west(2) =192.1, p=.000, � 2
southeast (2)

=395.2, p=.000, and� 2
south (2) =30.92, p=.000) (Table 1).
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Table 1 - Occurrences of maternal near miss by age and type of pregnancy

Northeast Waterstone Mantel WHO
Age n (%) n (%) n (%) p-value
� 34 years old 19064 (87.6) 1043 (90.3) 5505 (88.9)

.001*� 35 years old 2699 (12.4) 112 (9.7) 685 (11.1)
Total 21763 (100) 1155 (100) 6190 (100)
Type of pregnancy
No risk pregnancy 1635 (7.5) 223 (19.3) 576 (9.3)

.000*Risk pregnancy 20128 (92.5) 932 (80.7) 5614 (90.7)
Total 21763 (100) 1155 (100) 6190 (100)
North
Age n (%) n (%) n (%) p-value
� 34 years old 9266 (91.3) 664 (93.6) 3669 (92.7)

.004*� 35 years old 886 (8.7) 45 (6.4) 290 (7.3)
Total 10152 (100) 709 (100) 3959 (100)
Type of pregnancy
No risk pregnancy 932 (9.2) 536 (75.6) 656 (16.6)

.000*Risk pregnancy 9220 (90.8) 173 (24.4) 3303 (83.4)
Total 10152 (100) 709 (100) 3959 (100)
Central-west
Age n (%) n (%) n (%) p-value
� 34 years old 6934 (88.3) 253 (83.8) 2307 (90.0)

.002*� 35 years old 921 (11.7) 49 (16.2) 257 (10.0)
Total 7855 (100) 302 (100) 2564 (100)
Type of pregnancy
No risk pregnancy 982 (12.5) 122 (40.4) 369 (14.4)

.000*Risk pregnancy 6873 (87.5) 180 (59.6) 2195 (85.6)
Total 7855 (100) 302 (100) 2564 (100)
South
Age n (%) n (%) n (%) p-value
� 34 years old 14874 (84.3) 939 (65.9) 3549 (77.8)

.000*� 35 years old 2779 (15.7) 485 (34.1) 1012 (22.2)
Total 17653 (100) 1424 (100) 4561 (100)
Type of pregnancy
No risk pregnancy 529 (3.0) 71 (5.0) 98 (2.1)

.000*Risk pregnancy 17124 (97.0) 1353 (95.0) 4463 (97.9)
Total 17653 (100) 1424 (100) 4561 (100)
Southeast
Age n (%) n (%) n (%) p-value
� 34 years old 45928 (83.5) 3227 (85.5) 5836 (83.8)

.005*� 35 years old 9090 (16.5) 549 (14.5) 1124 (16.2)
Total 55018 (100) 3776 (100) 6960 (100)
Type of pregnancy
No risk pregnancy 9533 (17.3) 500 (13.2) 579 (8.3)

.000*Risk pregnancy 45485 (82.7) 3276 (86.7) 6381 (91.7)
Total 55018 (100) 3776 (100) 6960 (100)
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B. Maternal Near Miss Rates

The highest maternal near miss rates were found by Waterstone criteria, with the

Northeast region achieving the highest rate in the year 2010 (MNMR 2010;northeast = 2.264),

and the second highest in the South in 2013 (MNMR 2013;southeast = 1.601). In Mantel,

the South (MNMR 2013;south = 0.315) and North (MNMR 2003;north = 0.248) regions achi-

eved the highest rates in the years 2013 and 2003, respectively. In WHO, the Northeast

(MNMR 2010;northeast = 0.946) regions in 2010 and South (MNMR 2018;south = 0.713) regions

in 2018 recorded the highest values.

According to the analysis of the mean value of maternal near miss rates, the highest

values found in the regions of Brazil per classi�cation criteria were identi�ed. By Waterstone,

the regions with the highest averages were Southeast (0.853± 0.415) and Northeast (0.817

± 0.726). By Mantel criterion, the Southeast (0.059± 0.035) and South (0.058± 0.085)

regions. And �nally, for the WHO criterion, the Northern (0.287 ± 0.207) and Northeastern

(0.232 ± 0.243) regions. The supplementary table 2 shows all the values calculated in the

survey.

Figure 2 - Maternal near miss rates in Brazil by criteria

Note: In A) are represented the maternal near miss rates, calculated by Waterstone, for each region
of Brazil; in B) are the MNM rates by Mantel; and C) are the MNM rates by WHO.

C. Regression Model

For the Northeast region, according to multiple linear regression analysis, the variables

*Não submetido



13

income and low education rate (LER) were predictors for the Waterstone criteria (� income =

-4.911,t income = -4.014, p<0.05; � LER = -5.851, tLER = -3.838, p<0.05), Mantel (� income =

-4.843,t income = -5.054, p<0.05; � LER = -4.619, tLER = -3.869, p<0.05), and WHO (� income =

-3.871,t income = -3.248, p<0.05; � LER = -4.307, tLER = -2.901, p<0.05), (F (7; 3)W = 6.804,

p = 0.017, R² = 0.745; F (7; 3)M = 11.97, p = 0.003, R² = 0.837; F (7; 3)W HO = 4.314, p =

0.051, R² = 0.649 ) (Table 2).

For the North region, income and LER were predictors only for the Mantel criteria

(� income = -6.387, t income = -5.786, p<0.05; � LER = -6.882, tLER = -5.286, p<0.05), F (7; 3)M

= 16.34, p = 0.001, R² = 0.875) (Table 2). And, for the Southeast region, they were predictors

for the Waterstone criteria (� income = -5.521, t income = -5.271, p<0.05; � LER = -7.319, tLER

= -4.815, p<0.05), Mantel (� income = -7.140, t income = -4.554, p<0.05; � LER = -9.250, tLER =

-4.066, p<0.05) and WHO (� income = -4.474, t income = -3.259, p<0.05; � LER = -6.813, tLER

= -3.421, p<0.05), (F (7; 3)W = 14.62, p = 0.002, R² = 0.862; F (7; 3)M = 8.507, p = 0.009,

R² = 0.785; F (7; 3)W HO = 7.407, p = 0.014, R² = 0.760) (Table 2).

The sanitary sewerage (SS) rate, on the other hand, was predictive only in the South

region by the Mantel classi�cation criterion (� SS = -1.103, tSS = -3.035, p<0.05), F (7; 3)M =

8.427, p = 0.010, R² = 0.783 (Table 2). The values of the remaining regressions are provided

in Table 2, and the scatter plots resulting from the analyses are available in supplementary

Figures 3-7.

Table 2 - Multiple regression model of maternal near miss in Brazil

MNM criterion Variables � std. error t p-value

Northeast region

Waterstone Const 5.737 1.447 3.963 0.005*

Income -4.911 1.223 -4.014 0.005*

LER -5.851 1.524 -3.838 0.006*

SS -0.470 0.597 -0.788 0.457

R² 0.745

Mantel Const 4.605 1.134 4.062 0.005*

Income -4.843 0.958 -7.109 0.001*

LER -4.619 1.194 -7.442 0.006*

SS 0.546 0.467 -0.559 0.281

R² 0.837

WHO Const 4.219 1.410 2.992 0.020*

Income -3.871 1.192 -3.248 0.014*

LER -4.307 1.485 -2.901 0.023*
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Table 2 - Multiple regression model of maternal near miss in Brazil

MNM criterion Variables � std. error t p-value

SS -0.111 0.581 -0.190 0.855

R² 0.649

North region

Waterstone Const 3.126 3.589 0.871 0.413

Income -2.212 3.209 -0.692 0.511

LER -2.892 3.786 -0.764 0.470

SS 0.018 0.626 0.029 0.970

R² 0.253

Mantel Const 6.996 1.234 5.668 0.001*

Income -6.387 1.104 -5.786 0.001*

LER -6.882 1.302 -5.286 0.001*

SS -0.160 0.215 -0.744 0.481

R² 0.875

WHO Const 2.501 4.063 0.616 0.558

Income -2.015 3.633 -0.555 0.596

LER -2.263 4.285 -0.528 0.614

SS 0.396 0.708 0.559 0.594

R² 0.218

Central-west region

Waterstone Const 2.177 1.182 1.842 0.108

Income -1.208 1.186 -1.018 0.342

LER -1.982 1.253 -1.582 0.158

SS -0.564 0.784 -0.719 0.496

R² 0.321

Mantel Const -0.158 1.477 -0.107 0.918

Income -0.505 1.482 -0.341 0.743

LER 0.893 1.566 0.570 0.586

SS 1.341 0.980 1.368 0.214

R² 0.254

WHO Const 1.901 1.247 1.524 0.171

Income -0.916 1.251 -0.728 0.490

LER -1.732 1.322 -1.310 0.232

SS -0.810 0.828 -0.978 0.361

R² 0.230

*Não submetido



15

Table 2 - Multiple regression model of maternal near miss in Brazil

MNM criterion Variables � std. error t p-value

South region

Waterstone Const 0.681 1.025 0.664 0.528

Income 0.278 1.099 0.253 0.808

LER -0.736 1.142 -0.644 0.540

SS -0.062 0.515 -0.120 0.908

R² 0.665

Mantel Const -0.079 0.723 -0.109 0.916

Income 1.572 0.775 2.028 0.082

LER 0.102 0.805 0.127 0.902

SS -1.103 0.363 -3.035 0.019*

R² 0.783

WHO Const -0.162 0.771 -0.210 0.839

Income 1.532 0.827 1.854 0.106

LER 0.165 0.859 0.192 0.854

SS -0.857 0.388 -2.211 0.063

R² 0.758

Southeast region

Waterstone Const 7.430 1.451 5.120 0.001*

Income -5.522 1.048 -5.271 0.001*

LER -7.319 1.520 -4.815 0.002*

SS -1.050 0.555 -1.891 0.100

R² 0.862

Mantel Const 9.188 2.172 4.231 0.004*

Income -7.140 1.568 -4.554 0.003*

LER -9.250 2.275 -4.066 0.005*

SS -1.410 0.830 -1.698 0.133

R² 0.785

WHO Const 6.834 1.901 3.594 0.009*

Income -4.474 1.373 -3.259 0.014*

LER -6.813 1.992 -3.421 0.011*

SS -1.558 0.727 -2.144 0.069

R² 0.760

LER: Low education rate; SS: Sanitary sewage
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Discussion

Mapping maternal near miss is essential for understanding the risks to which pregnant

and postpartum women are exposed in the health system, recognizing the factors that contri-

bute to the cases, and analyzing the necessary interventions to achieve the fundamental right

to life of women in its entirety. As a way to cover the entire Brazilian scenario, this study

performed a comparative and predictive analysis using the classi�cation criteria of maternal

near miss and considering the socioeconomic variables of income, low education rate, and

sanitary sewage.

A. Maternal hospital admissions

According to the Health Information System for Primary Care (SISAB) (da Saúde,

2023) integrated into SUS, there was an average annual increase of approximately 249,000

pregnant women with their �rst prenatal care from the year 2017 to 2021. The temporal

analysis of the survey identi�ed that between 2020 and 2021, the Northeast and Southeast

regions showed growth in their rates of hospitalization in ICU.

The ICU admission rates calculated use the numbers of AIH as the denominator,

making it possible to analyze the consistency of the number of hospitalizations based on

the records of pregnant and postpartum women each year. The growth in rates identi�ed

between 2020 and 2021 in the Northeast and Southeast (Figure 1), the most populous regions

in Brazil, may re�ect the occurrence of cases of SARS-CoV-2 infection. The COVID-19

pandemic, declared by the World Health Organization in March 2020 (Nations, 2020), was

an aggravating factor for pregnant and postpartum women, especially those with obesity or

a pre-existing diagnosis of hypertension (Nakamura-Pereira et al., 2020).

In Thakur et al. (2022), a study conducted in India, growth in the incidence of ma-

ternal morbidity during the pandemic was also identi�ed. However, in a study conducted in

Malawi (Mndala et al., 2022), this growth was not identi�ed. Although there are di�erences

in the results, research converges in identifying the decrease in prenatal care and other ma-

ternal care during this period. According to Domingues et al. (2016), the �Nascer no Brasil�

survey, a hospital-based study with emphasis on prenatal care, early fetal loss, labor, and

birth, identi�ed that severe cases of maternal morbidity were four times higher in puerperal

who did not perform prenatal consultations. Analyses on this theme were also developed by

Zaigham and Andersson (2020), La Verde et al. (2021), and Villar et al. (2021).

In Brazil, the lack of intensive care units in maternity hospitals that serve the SUS

may be an aggravating factor for the situation, since only 15% of them have this structure

(Nakamura-Pereira et al., 2020). This hinders access to quality maternal health care and

increases the risks of cases of maternal near miss.
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B. Maternal morbidities

The classi�cation of pregnant women at risk, for presenting pre-existing health pro-

blems, or advanced gestational age (� 35 years), which brings greater propensity to maternal

health complications, were factors identi�ed as statistically signi�cant for the di�erences in

maternal near miss criteria in all regions of Brazil (Table 1). This result highlights the im-

portance of prenatal follow-up and access to quality health care to prevent these factors from

evolving into maternal death, in agreement with studies conducted by de Lima et al. (2019)

and Darney et al. (2020).

Through the mapping of cases, the morbidities with higher occurrences are related

to gestational hypertension, hemorrhage, infections, and cardiovascular dysfunction (Supple-

mentary Table 1), as also identi�ed in (Tasew, 2022; Khawaja, 2021; Leitao, 2022). To reduce

these cases, it is important to improve access to prenatal, delivery, and postpartum medical

care; invest in the infrastructure of clinics and health units; implement educational policies

to emphasize the importance of medical care at all stages of pregnancy; train health professi-

onals to improve maternal care; and provide access to essential treatments and medications,

among others.

C. Maternal near miss analysis

Mapping of maternal near miss varies according to the criteria used, depending on

the classi�cation approach. In Waterstone, for example, the highest numbers of cases (nw=

112,441) were identi�ed as a result of the criterion's focus on clinical severity, such as cases of

preeclampsia, hemorrhage, and sepsis. In Mantel and WHO, conditions of medical interven-

tion and organ system dysfunctions are added, leading to a reduction in the number of cases

(nm = 7,366; nwho = 24,234). The identi�cation of maternal near miss also varies depending

on the country's context and the availability of resources for care and data provision, such

as the research conducted by Sotunsa et al. (2019) and O§lak et al. (2021).

In this study, lower numbers of maternal near miss in Brazil were identi�ed when

compared to studies developed by Carvalho et al. (2019), Herdt et al. (2021), and Rosendo

et al. (2017). Such divergences may result from the data collection and treatment strategy.

The di�erence in this study is that we used the Python language and the PySUS library

to acquire the data, and manipulated them to eliminate possible mapping errors, such as

disregarding prenatal records that were not by the pattern identi�ed in DATASUS.

In addition, the years 2008 to 2013 achieved the highest rates of MNM in most regions

and classi�cation criteria (Supplementary Table 2). In this period the measures of attention to

women's health in the country were expanded, with greater coverage of prenatal care, better

care in the puerperium, and guarantee of sexual and reproductive rights (da Saúde, 2009),
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and may in�uence greater noti�cations of cases. However, at this time, problems of high

economic inequality, di�culty in access to quality education, and poor health infrastructure

persisted (da Saúde, 2009), which are important markers for higher occurrences of maternal

near miss (Souza, 2015).

C1. Maternal near miss by region

The Northeast region of Brazil is characterized as one of the poorest and most unequal,

with challenges of lack of basic infrastructure, which limit the quality and access to health and

education, low income, and unemployment (Nunes, 2001; IBGE, 2010, 2020). The average

maternal near miss rates, calculated by Waterstone classi�cation, was the second highest in

the country (0.817± 0.726) (Supplementary Table 2), and linear relationships (R2), ranging

from 64 to 74%, were found between maternal near miss numbers and the socioeconomic

criteria of income and LER (Table 2).

The North region achieved the highest mean MNM rate for the WHO criterion (0.287

± 0.207) (Supplementary Table 2) and showed strong linear relationships with income and

LER aspects only for the Mantel criterion (R² = 0.875, p = 0.001) (Table 2). The Waterstone

and WHO classi�cations showed low prediction rates, ranging between 21 to 25% approxima-

tely, re�ecting the precariousness of the health data found in the region (Table 2). The North

is marked by one of the highest poverty rates in the country, with lower per capita income

and limited access to health and education (Nunes, 2001; IBGE, 2010, 2020). As such, high

rates of maternal near miss are expected, as was also found in Herdt et al. (2021).

The Central-west region occupies an intermediate position when it comes to deve-

lopment, as it has a diversi�ed economy and high levels of economic and social inequality

(Nunes, 2001; IBGE, 2010, 2020). The results of the mapping of MNM acquired in this re-

search are consistent with this reality. The region has the lowest average maternal near miss

rates for Waterstone (0.606± 0.372) and Mantel (0.023± 0.013), also justi�ed by the pre-

cariousness of the health data available from the region (Supplementary Table 2). This issue

also in�uenced a regression model with low prediction rates, ranging from 23 to 32%, for all

socioeconomic variables (Table 2).

The Southeast region achieved the highest mean maternal near miss rates by Wa-

terstone (0.853± 0.415) and Mantel (0.059± 0.035) criteria (Supplementary Table 2). The

regression model resulted in strong linear relationships, ranging from 76 to 86% approxima-

tely, which indicates the percentage of variation in maternal near miss values that is explained

by the listed socioeconomic variables (Table 2). These results contribute to a coherent unders-

tanding of the in�uence of socioeconomic aspects in the Southeast on the results, in addition

to demonstrating the higher quality of the data made available by the SIH-SUS. The region
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is characterized by the largest population concentration in the country, with a high concen-

tration of investments and industrial production (Nunes, 2001; IBGE, 2010, 2020). However,

it is still marked by high socioeconomic inequality, and precariousness in the provision of

basic health and education services (Nunes, 2001; IBGE, 2010, 2020), in�uencing maternal

near miss rates.

The South region is considered one of the most developed regions of the country, with

a high level of education, a diversi�ed economy, and high per capita income (Nunes, 2001;

IBGE, 2010, 2020). However, it also presents challenges in the health area, with the need

for greater accessibility and quality of care (Nunes, 2001; IBGE, 2010, 2020). In the study,

mean MNM rates were still found to be similar to the means of the North region, mainly by

the Waterstone criterion (0.717± 0.604) (Supplementary Table 2). Complementarily, linear

relationships of the variability of Mantel MNM rates with the sanitary sewage (SS) were

identi�ed at approximately 78% (Table 2).

D. Digital health data

The digital health data of SIH-SUS, made available by DATASUS, have emerging

potential for epidemiological analyses of the Brazilian population due to the ease of access to

the data and the wide coverage of the system in the Brazilian territory (Carvalho et al., 2019).

However, the purpose of the creation of the digital database is the �nancial transfer to hospital

units after the assistance provided to patients (Nakamura-Pereira et al., 2013; Bittencourt

et al., 2006). This factor can compromise the accuracy of the data made available, bringing

risks of inconsistent data entries and underreporting of occurrences (Nakamura-Pereira et al.,

2013; Carvalho et al., 2019).

Studies identify the SIH-SUS as a limited tool, for bringing heterogeneous results

on the mapping of diseases in the population (Nakamura-Pereira et al., 2013; Bittencourt

et al., 2006). The variation in data quality reduced information about the authorizations for

hospital admissions, and lack of universality of coverage, are some of the factors pointed out

as compromising the reliability of the data made available (Nakamura-Pereira et al., 2013;

Bittencourt et al., 2006). However, it is also valid to emphasize that the availability of digital

hospitalization data on a national scale is a re�ection of a good structuring of the public

health system in the country, compared to other countries in the world (Herdt et al., 2021).

The underutilization of the base for exploitation in epidemiological analyses demonstrates

the degree of scienti�c and technological development in Brazil (Herdt et al., 2021).

Despite the di�culty encountered in understanding the data made available, the de-

velopment of this research reinforces the relevance of this tool for understanding trends and

challenges to be improved to improve maternal health care in Brazil. Like the research Carva-

*Não submetido
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lho et al. (2019) and Herdt et al. (2021), the mapping of maternal near miss showed promise

for the national scale of analysis that the SIH-SUS allows.

E. Conclusions

A maternal near miss is a fundamental indicator for the analysis of the quality of

maternal health care provided in a country. In Brazil, the rates of cases are still high, and

the socioeconomic factors of income, education, and sanitary sewage have been shown to be

in�uential in such occurrences.

Thus, the researchers analyzed the records of the Uni�ed Health System Hospital

Information System (SIH-SUS), between 2002 and 2021, to investigate the causes of maternal

near miss, evaluate the quality and accessibility of maternal health care, and propose measures

to contribute to the global goal of reducing maternal mortality and to gender equity in

women's health care.
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2.1 Supplementary Material

Table 1 - Occurrences of maternal near miss in Brazil

*Highest percentage of occurrences
Source: Author
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Table 2 - Maternal near miss rates

*Highest maternal near miss rates
Source: Author
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Figure 1 - Maternal near miss cases in Brazil

Source: Author
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