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Abstract

Background

Cesarean delivery rates continue to increase worldwide and reached 57% in Brazil in 2014.

Although the safety of this surgery has improved in the last decades, this trend is a concern

because it carries potential risks to women’s health and may be a modifiable risk factor of

maternal mortality. This paper aims to investigate the risk of postpartum maternal death

directly associated with cesarean delivery in comparison to vaginal delivery in Brazil.

Methods

This was a population-based case—control study performed in eight Brazilian states. To

control for indication bias, deaths due to antenatal morbidity were excluded. We included 73

cases of postpartum maternal deaths from 2009–2012. Controls were selected from the

Birth in Brazil Study, a 2011 nationwide survey including 9,221 postpartum women. We

examined the association of cesarean section and postpartum maternal death by multivari-

ate logistic regression, adjusting for confounders.

Results

After controlling for indication bias and confounders, the risk of postpartum maternal death

was almost three-fold higher with cesarean than vaginal delivery (OR 2.87, 95% CI 1.63–

5.06), mainly due to deaths from postpartum hemorrhage and complications of anesthesia.

Conclusion

Cesarean delivery is an independent risk factor of postpartum maternal death. Clinicians

and patients should consider this fact in balancing the benefits and risks of the procedure.
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Introduction
Caesarean section (CS) rates continue to increase worldwide, with variations amongst coun-
tries and regions [1, 2]. In Brazil, CS rates have rapidly increased in the last 30 years, reaching
57% in 2014 [3]. This increase is not likely due to an extreme change in obstetrical risk but
rather an expansion of the range of the indications of CS. Indeed, 84% of CS deliveries in Brazil
are performed before the onset of labour [4], most likely for non-medical reasons [5, 6]. Cae-
sarean section has been associated with multiple risks to women’s health [7–11] and may be a
modifiable risk factor of maternal mortality, but this remains controversial.

Maternal mortality ratio (MMR) is the number of women who die from pregnancy-related
causes while pregnant or within 42 days of pregnancy termination per 100,000 live births. It is
a marker of the performance of health services, because most maternal deaths are avoidable if
all women have convenient access to good-quality care. In Brazil, the MMR remains at a high
level (60�8/100000 live births in 2011) [12], with modest improvement in the last decade.
Despite the importance of the issue, few studies in the country have contributed to the under-
standing of its determinants [13].

A review of the literature on the relationship between CS and maternal mortality, published
in 2006, found inconsistent results and concluded that no study had an ideal design or ade-
quate power to establish this relationship [14]. Subsequent studies were also limited because of
insufficient power to study mortality or because they failed to consider the potential “indication
bias”, whereby antenatal morbidity may be the indication for CS and the cause of maternal
death [8, 10, 15]. Although different conceptual approaches have been proposed to address this
indication bias—selection of cesarean deliveries for which this bias was unlikely [9]; selection
of causes of death for which this bias was unlikely, based on their timing of occurrence [16, 17]
or on the judgment of investigators [18]; and adjustment on preexisting conditions—to our
knowledge, only three published studies have considered this indication bias. One lacked exter-
nal validity in that it was restricted to one university hospital in India [16]; the other two were
conducted in France [17] and Canada, [9] and whether their results are transposable to less
developed countries is questionable. In the absence of randomized controlled trials to assess
benefits and risks of CS, high quality observational studies to elucidate risks are very important.
Brazil is an upper—middle-income country, with a high rate of CS and persisting high MMR,
providing an exemplary and propitious context to analyse this relationship. The recent Birth in
Brazil study offers the opportunity of a national representative sample of parturient women
who can serve as a reference population [19, 20]. In this case—control study, we aimed to
investigate the risk of postpartum maternal death associated with CS by comparison to vaginal
delivery (VD), globally and by the main causes of death. The study involved eight Brazilian
states with the highest coverage and quality of data from the Mortality Information System
(Sistema de Informação sobre Mortalidade) (SIM) and Maternal Mortality Enquiry Commit-
tees (MMECs).

Methods

Selection of cases
In the last two decades, the Brazilian government has been creating and improving MMECs
and establishing a number of initiatives to expand the coverage and enhance the quality of the
SIM such as setting goals to increase the coverage of mortality data, strategies to reduce ill-
defined causes of death and integration of the SIM with other information systems [21].

The MMECs use the World Health Organization (WHO) International Classification of
Diseases definition of a maternal death: “the death of a woman while pregnant or within 42
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days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from
any cause related to or aggravated by pregnancy or its management but not from accidental or
incidental causes” [22]. Since 2003, maternal deaths are an event of compulsory notification,
mandating the investigation of deaths of women of childbearing age (10–49 years old) whose
causes can hide maternal death (presumptive). Deaths with any mention of pregnancy, birth,
or puerperium on review of the death certificate’s content, as well as presumptive maternal
deaths, must be reported to and investigated by the MMECs [22]. MMECs are centralized at
the state level, and all states use the same standardized detailed abstraction form to collect rel-
evant clinical information related to the woman and her death [22]. This information is col-
lected from interviewing the family, from the medical records and from the death certificate.
The death certificate in Brazil allows the assignment of the underlying cause of death and up
to three subsequent and two contributing causes of death. Each maternal death is reviewed by
the state committee of experts, which define the cause of death based on all the information
collected.

For the current study, we first identified women who died within 42 days after delivery,
from 2009–2012, in the eight states with the highest coverage and quality of data from SIM and
MMECs: Espírito Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina, Rio Grande do Sul,
Mato Grosso do Sul and Distrito Federal. We performed a probabilistic linkage [23] between
the maternal deaths and the Information System on Live Births (Sistema de Informação sobre
Nascidos Vivos) (SINASC) [24], for live births and with SIM [25], for stillbirths. Then, to be
consistent with the selection of the controls (see below), we restricted the study to women who
died after having delivered in one of the hospitals sampled for the Birth in Brazil Study [19, 20]
within these eight states. The four-year period to collect the cases was determined in order to
include a number of cases allowing adequate sample size, and to be consistent with the period
of inclusion of the controls; the pattern of causes of maternal deaths in Brazil did not change
during this period [12].

Amongst those 274 postpartum maternal deaths, we excluded women with multiple preg-
nancies and women whose cause of death was from a condition present before the onset of
labour likely to also affect their probability of having a CS (selection by indication bias) [17].
The deaths excluded were deaths due to chronic conditions present before pregnancy (circula-
tory-system, hematologic, digestive-system and respiratory-system diseases; mental disorders;
neoplasm; and chronic infection); and deaths due to obstetric conditions that developed during
pregnancy but before the onset of labour (hypertensive disorders in pregnancy, haemorrhage
due to placenta praevia or accreta and abruptio placentae, amniotic fluid embolism, cerebral
venous thrombosis, intracerebral haemorrhage and chorioamnionitis). The information avail-
able for our review for this classification was the data from the MMECs summary sheet, as well
as the information from the death certificate, before and after amendments of the MMECs. We
reviewed the whole content of the summary sheet and the death certificate to identify exactly
the time when the complication began, and not only the time of death, to properly exclusion of
deaths. When there was not enough information on the death certificate to identify exactly the
time when the complication began, we reviewed the medical records from the hospital where
the women delivered. That was necessary for 28 cases of maternal deaths. Amongst the remain-
ing 80 deaths, we excluded deaths from deliveries in private hospitals because preliminary anal-
yses showed an interaction between CS and the private status of the unit, and the small number
of deaths in these hospitals (seven deaths) did not allow a stratified analysis in this subgroup.

The remaining 73 cases were defined as women who delivered in public or mixed hospitals
and died within 42 days postpartum after a pregnancy that resulted in a singleton birth, from
causes not due to conditions or from complications present before the onset of labour. Fig 1
summarizes the process of defining cases.
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Selection of controls
The controls were selected from the Birth in Brazil Study, a nationally representative, hospital-
based study of parturient women and their newborns performed in 2011. The Birth in Brazil
Study had a complex sample of 266 hospitals and a total of 23,940 postpartum women inter-
viewed throughout Brazil. The sample is described elsewhere [19]. All women who had given
birth to a live newborn, regardless of weight or gestational age, or to a stillbirth with birth
weight� 500 g and/or gestational age� 22 weeks of pregnancy in one of the sampled hospitals
during the data collection were invited to participate in the Birth in Brazil Study. Face-to-face
interviews were held with the postpartum women during their hospital stay to collect informa-
tion on sociodemographic characteristics such as age, skin colour and years of schooling. Fur-
ther clinical data about the women and their newborns were collected from their medical
records and extracted from photographs of prenatal care cards. More details on the data collec-
tion have been published elsewhere [20].

Fig 1. Selection of cases.

doi:10.1371/journal.pone.0153396.g001
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For the present study, we selected Birth in Brazil participant women included in the eight
states (94 public or mixed hospitals) where the cases were selected. We applied for the controls
the same selection criteria as for the cases. We excluded women with multiple pregnancies (88
women), maternal deaths (two women) and maternal “near misses” based on the WHO criteria
(103 women) (S1 Fig).

We conducted a sensitivity analysis with three different scenarios of exclusion criteria for
the controls. One: only excluding multiple pregnancies (88 women) and maternal deaths (two
women). Two: scenario one plus excluding maternal “near misses” based on the WHO criteria
(103 women) [25, 26]—the one applied in this article—and three: scenario two plus excluding
women with obstetric conditions potentially related to emergencies before the onset of labour
(eclampsia, placenta praevia or accreta, placental abruption and severe infection) (45 women).

After applying the sample weights for cases and controls [19], this study included 73 cases
and 9,221 controls.

Variables
The primary predictor variable was type of delivery, caesarean section or vaginal. The covari-
ates examined as potential confounders in the association between type of delivery and
maternal mortality were mother’s age, mother’s years of education, parity, previous CS, pre-
mature delivery, macro-region and hospital of delivery (public or mixed). For cases, informa-
tion on these variables was collected from the birth certificate provided electronically by
SINASC [24]. Data from birth certificate has been shown to be very reliable in Brazil in the
last decade [24, 27]. For controls, information was collected from medical records. We had
complete data for all 73 cases (100.0%) and 9,073 controls (98.4%)—the missing values were
for the variables “age” (two) “years of education” (23) “previous CS” (31) and premature
delivery (115).

Statistical analysis
Post-hoc calculations showed that with a significance level of 5%, this sample would have 80%
power to detect an increased risk of death after CS as compared with VD for a corresponding
OR of� 2.0.

We analyzed the differences in women’s characteristics between cases and controls by χ2 test.
The association between type of delivery and maternal death, globally and by causes, was exam-
ined by univariate and multivariate logistic regression. Crude and adjusted OR and 95% confi-
dence intervals (CI) were calculated taking into account the sample weights and the complex
sampling design. We adjusted for the covariates age (10–19, 20–24, 25–29, 20–34,�35), years of
education (�3, 4–7, 8–11,�12), parity (0, 1–2,�3), premature delivery (yes, no), region
(South, Southeast, Midwest), type of hospital (public and mixed) and previous CS (0, 1,�2).
We included the region and type of hospital in the models because the CS rate amongst controls
varied by these variables. We conducted the same analyses, globally and by causes. A subgroups
analysis was conducted with the term deliveries only (gestational age�37 weeks).

Interactions between type of delivery and the covariates region, type of hospital, age, school-
ing, parity and previous CS were tested. In all statistical analyses the complex sampling design
was taken into consideration. The level of statistical significance was 0.05. SPSS 22.0 was used
for analysis (IBM Corp., Armonk, USA).

Details of ethics approval
This study was carried out in accordance with the National Health Council Resolution n.
196/96. The ethics committee of the Sérgio Arouca National School of Public Health,
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Oswaldo Cruz Foundation (CEP/ENSP), approved the Birth in Brazil study and the current
case-control study under the research protocols CAAE: 0096.0.031.000–10 (approval date:
May 11th 2010) and CAAE: 32359614.9.0000.5240 (approval date: November 13th 2014),
respectively. All hospital directors and postpartum women controls subjects signed an
informed consent form to participate in the Birth in Brazil Study. We personally obtained
data about postpartum mortality case subjects from the Secretary of Health Surveillance
(Secretaria de Vigilância em Saúde) of Ministry of Health, Brasília, DF, Brazil, which central-
ize at a national level the electronic registries from the States Maternal Mortality Enquiry
Committees. Informed consent for the case subjects was obtained from the next of kin by the
States Committees, thus the Secretary of Health Surveillance and the ethics committee of the
Sérgio Arouca National School of Public Health waived the requirement for additional
informed consent for case subjects.

Results
This study included 73 cases and 9,221 controls. Cases were significantly older, had fewer years
of education, and were more likely to have three or more previous deliveries, two or more pre-
vious CS and to have delivered preterm (Table 1). Amongst controls, the same variables, plus
region and type of hospital, were associated with CS (S1 Table).

The proportion of CS was 64.4% (47/73) for cases and 46.9% (4256/9073) for controls. After
adjusting for potential confounders, CS was associated with a significantly increased risk of
postpartum maternal mortality, adjusted OR 2.9 (95% CI 1.6–5.1) (Table 2). The analysis con-
ducted with the term deliveries only provided comparable results (S2 Table).

Amongst cases, the causes of postpartum maternal deaths differed between CS and VD
(P = 0.03, χ2 test). Postpartum haemorrhage accounted for about half of the deaths for both
types of delivery (Table 3).

Considering the cause-specific postpartum maternal mortality, CS was associated with a sig-
nificantly increased risk of death from postpartum haemorrhage (adjusted OR 3.0; 95% CI 1.4–
6.6) (Table 4) and accounted for all deaths from complications of anaesthesia (Table 3). The
risk of death from thromboembolism associated with CS did not differ significantly from VD
(OR 3.5; 95% CI 0.5–26.4), (Table 4).

The risk for CS due to amniotic fluid embolism, complications of anaesthesia and unspeci-
fied obstetric death could not be estimated because there were no maternal deaths due to these
causes after vaginal delivery. We grouped them with deaths from thromboembolism in order
to estimate the risk for CS from causes other than postpartum haemorrhage and infection. CS
was associated with increased risk of death from these causes combined (OR 10.9; 95% CI 2.2–
55.3) (Table 4).

We did not find significant interactions between CS and the covariates region, type of hospi-
tal, age, schooling, parity and previous CS for risk of maternal mortality. Results did not differ
significantly when other criteria for selecting the controls were used, i.e not excluding maternal
near misses from controls or widening the exclusion to women with obstetric conditions
potentially related to emergencies before delivery (S3 Table).

Discussion

Main Findings
After adjusting for potential confounders, the risk of postpartum maternal mortality was
almost threefold higher with CS than VD. The increased risk was mainly due to deaths from
postpartum haemorrhage and complications of anaesthesia.
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Strengths and Limitations
This study has several strengths. The Brazilian context can be considered as exemplary of mid-
dle- income countries with high CS rates. The Birth in Brazil Study is the first national enquiry
into labour and birth in Brazil, so we could select the controls from a representative and reliable
database [20]. Most previous Brazilian studies on maternal mortality were restricted to a local-
ity (city or state), were descriptive or focused on methods to improve the estimation of the

Table 1. Sociodemographic and birth characteristics amongst cases and controls.

Cases Controls

n % na % P-value*

All 73 100 9,221 100.0

Region

Southeast 48 65.3 6,152 66.7 0.958

South 20 27.8 2,488 27.0

Midwest 5 6.9 581 6.3

Type of hospital

Public 33 45.2 3,863 41.9 0.568

Mixed 40 54.8 5,358 58.1

Age in years

10–19 15 20.5 1,760 19.1 0.008

20–24 10 13.7 2,814 30.5

25–29 17 23.3 2,196 23.8

30–34 21 28.8 1,534 16.6

� 35 10 13.7 915 9.9

Years of education

� 3 8 11.0 285 3.1 <0.001

4–7 22 30.1 1,870 20.3

8–11 37 50.7 5,655 61.5

� 12 6 8.2 1,388 15.1

Skin color

White 38 52.1 5,085 55.2 0.594

Non white 35 47.9 4,132 44.8

Number of previous deliveries

0 21 28.8 4,128 44.8 0.001

1 to 2 35 47.9 4,136 44.9

� 3 17 23.3 957 10.4

Previous c-section

Primiparous 21 28.8 4,128 44.9

Multiparous

0 30 41.1 2,969 32.3 0.003

1 12 16.4 1,573 17.1

� 2 10 13.7 520 5.7

Premature delivery

No 52 71.2 8,185 89.9 <0.001

Yes 21 28.8 921 10.1

a For each covariate the sum of controls varied (9,106 to 9,221) according to the number of missing values.

* χ2 test.

doi:10.1371/journal.pone.0153396.t001
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Table 2. Postpartummaternal mortality associated with caesarean delivery.

Cases (73) Controls (9,073) Crude Adjusted

n % n % OR 95% CI OR adj.* 95% CI

Vaginal 26 35.6 4,817 53.1 - - - -

Cesarean 47 64.4 4,256 46.9 2.0 (1.3–3.3) 2.9 (1.6–5.1)

*Adjusted for region, type of hospital, age, schooling, parity, premature birth and previous caesarean delivery.

doi:10.1371/journal.pone.0153396.t002

Table 3. Causes of death by type of delivery amongst cases.

Cases (73)

Vaginal Caesarean

Causes of death n % n %

Global causes 26 100.0 47 100.0

Postpartum haemorrhage 14 53.8 26 55.3

Puerperal infection 10 38.5 8 17.0

Thromboembolisma 2 7.7 5 10.6

Amniotic fluid embolism 0 0.0 1 2.1

Complications of anaesthesiab 0 0.0 5 10.6

Unspecified obstetric deathc 0 0.0 2 4.3

a Includes one case of cerebral venous thrombosis in the Caesarean group.
b Four cases of general anaesthesia and one case of spinal anaesthesia.
c Unspecified obstetric deaths after hospital discharge.

P-value of χ2 test = 0.03

doi:10.1371/journal.pone.0153396.t003

Table 4. Cause-specific postpartummaternal mortality associated with caesarean delivery.

Cases (73) Controls (9,073) Crude Adjusted

Vaginal Caesarean Vaginal Caesarean

n % n % n % n % OR 95% CI OR adj.* 95% CI

Global causes 26 35.6 47 64.4 4,817 53.1 4,256 46.9 2.0 (1.3–3.3) 2.9 (1.6–5.1)

Postpartum haemorrhage 14 35.0 26 65.0 2.1 (1.1–4.0) 3.0 (1.4–6.6)

Puerperal infection 10 55.6 8 44.4 0.9 (0.4–2.3) 1.2 (0.4–3.5)

Thomboembolisma 2 28.6 5 71.4 2.3 (0.4–12.4) 3.5 (0.5–26.4)

Thomboembolisma and
other causes combinedb

2 13.3 13 86.7 7.4 (1.7–32.6) 10.9 (2.2–55.3)

* Adjusted for region, type of hospital, age, schooling, parity, premature birth and previous caesarean delivery.
a Includes one case of cerebral venous sinus thrombosis in the group of caesarean.
b Eight cases in the caesarean group: one from amniotic fluid embolism, four from general anaesthesia, one from spinal aesthesia and two unspecified

obstetric death after hospital discharge.

doi:10.1371/journal.pone.0153396.t004
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ratio [13]. Only recently did information from the SIM (enhanced by the MMECs) became
more trustworthy [12], and in the present study, maternal deaths and their causes were
assessed by these committees, based on detailed information on the circumstances of death.
Finally, we accounted for “indication bias” and selected the cases after excluding all maternal
deaths attributed to pre-existing morbidities. The main strategy was to exclude deaths due to
conditions present before the onset of labour so as to estimate the risk solely from CS. If these
deaths were not excluded, the same analysis would have led to an apparently much stronger
association between CS and maternal mortality (proportion of CS amongst cases would have
been 80%). We cannot completely exclude that some indication bias remains, as we did not
take into account all ante partum condition that could have influenced the fatal issue, but only
ante partum conditions that were the causes of deaths. However, such a bias is very unlikely to
entirely explain the observed effect, given the presumed mildness of remaining ante partum
conditions as well as the strength of the association found here (adj. OR of 3). For the controls,
being conservative in the exclusion criteria and only excluding maternal deaths and nearmisses,
may have slightly underestimated our OR. However, the sensitivity analysis testing various
selections of controls showed that this did not modify our results (S3 Table).

One limitation of this investigation is the possible underreporting of some maternal deaths,
although the Brazilian MMECs coverage is increasing each year. Using a specific methodology to
measure the extent of the underreporting in Brazil, Szwarcwald et al (2014) found a national
adjustment factor of 1.42 for the year 2011 [12]. To limit this potential underreporting, we ana-
lyzed the deaths in eight Brazilians states in which both the exhaustivity of investigation and qual-
ity of data are higher than the average for Brazil, thus increasing the internal validity of our
estimates. Our results may not be generalizable to the overall population because we did not
include private hospitals. However, our study covered most of the population of these states.
Home births account for< 1% of births in Brazil, and public and mixed hospitals represent
almost 80% of all deliveries [3]. In the current analysis we did not exclude assisted vaginal deliver-
ies, which represent a high risk situation. However, it is unlikely that it influenced our results
given the very low prevalence found in our control sample (1.5%). Moreover, not excluding them
would actually lead to a conservative bias toward the null hypothesis—as it is expected to find
more assisted vaginal deliveries among cases than among controls. Finally, we were not able to
study the risk of postpartum death by the timing of the CS, prelabour or intrapartum. Neverthless,
in Brazil, most CS are performed before the onset of labour (84%) [4] and our OR are reasonably
representing the risk of this type of CS. It is important to mention that, although both types of CS
were analysed together, cases with intrapartum complications such as abruption placentae or
obstructed labour reported in any line of the death certificate were excluded, as well as deaths due
to hemorrhage caused by conditions present before delivery—i.e placenta praevia ou accrete.

Interpretation
Another study with an appropriate design to test the relationship between CS and postpartum
maternal death was a Canadian retrospective cohort study comparing otherwise low-risk
women who delivered by planned CS because of breech position in women with planned VD
[9]. The authors found that planned CS deliveries were associated with increased risk of specific
severe postpartum complications but not increased risk of maternal death, which was only
higher for emergency CS [9]. However, the focus of the study was severe maternal morbidity
and the number of women with elective CS was too limited to relevantly test the association
with maternal mortality, given the very low ratio of maternal mortality in this country [9].

Our results agree with those from the WHO Global Survey on maternal and perinatal health
in Latin America, finding elective CS independently associated with maternal mortality (OR
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3.4) [10]. However, this study did not investigate the risk of death associated with CS by the
main causes of death and did not account for indication bias [10]. Another WHO Global Sur-
vey on maternal and perinatal health from Asia accounted for indication bias by grouping the
CS as with or without indication. Both antepartum and intrapartum CS performed without
indication were associated with severe maternal outcome (maternal deaths and severe morbid-
ity combined) with adjOR of 2.7 and 14.2, respectively. However, the number of deaths was too
small for a statistically significant association between each type of CS and maternal deaths
alone [28].

We found that CS was associated with maternal deaths from postpartum haemorrhage. In a
WHO survey including 28 countries, intrapartum CS was one factor associated with postpar-
tum haemorrhage diagnosis [29], and a recent study from Brazil reported that CS was one of
the main factors associated with increased risk of severe maternal morbidity secondary to post-
partum haemorrhage [30]. Regarding deaths, CS risks are likely to vary between settings not
only because of the varying capacity between settings/hospitals/countries to properly conduct
safe surgery, but also the capacity to treat surgical complications. This may be the reason our
results contrast with findings from France [17], where CS was not associated with increased
risk of death from postpartum haemorrhage. Although loss of blood is much greater in CS
than VD deliveries, in France, women with CS likely receive more thorough postpartum sur-
veillance and care than in Brazil, thus decreasing the delay of diagnosis and management of
postpartum haemorrhage. Another difference may be in the availability of blood bank or trans-
fusion services, which are lacking even in maternity wards with�500 births/year in Brazil
(coverage of around 70%) [31]. Further studies on blood loss after CS are needed to assess the
adequacy of care and to address both the availability of blood and transfusion services as well
as other means to prevent and treat haemorrhage [32].

Our results indicate that CS is associated with increased risk of postpartum maternal deaths
from complications of anaesthesia. All five deaths from this cause occurred after CS, four after
general anaesthesia and one after spinal anaesthesia. In Brazil,<1% of CS cases require general
anaesthesia (unpublished data from the Birth in Brazil Study). This finding agrees with previ-
ous knowledge that general anaesthesia represents greater risk in the context of pregnancy than
does spinal anaesthesia and is an option considered with extreme criteria. However, general
anaesthesia is likely performed in the most severe cases and so isolating its independent effect
is difficult.

Our lack of finding CS associated with deaths from postpartum infection is surprising
because this is one of the most frequent post-operative complications of any surgery. In France,
CS was strongly associated with mortality from postpartum infection [17]. In Canada, the risk
of major puerperal infection was higher after planned CS than planned VD [9], and in Latin
America CS was associated with increased use of antibiotics [7]. Infection has been cited as one
of the causes of rehospitalisation after CS [33]. The lack of association we found may have been
due to a high contribution of sepsis to deaths after VD. Indeed, more than a third of maternal
deaths after a VD in our group of cases were due to infection. A recent Brazilian network study
found an association between delay in obstetric care and severity of adverse maternal out-
comes, with infections associated with a high prevalence ratio for any delay as compared with
other diagnoses [34,35]. This finding would explain the high proportion of maternal deaths
due to infection (46,6%) despite the lower contribution of infection to cases of maternal mor-
bidity (5.3%) [34,35]. Another possible explanation is that appropriate and timely treatment of
infection can vary according to type of delivery in the Brazilian context, leading to a high
lethality after VD—an aspect that should be investigated. Further analyses including both cases
of severe maternal morbidity and mortality will broaden knowledge and discussion about the
impact of CS on specific morbidities on one hand and fatal issues on the other hand.

Caesarean Delivery and Maternal Mortality

PLOS ONE | DOI:10.1371/journal.pone.0153396 April 13, 2016 10 / 13



Caesarean section is an important procedure in current obstetrics and is often used to
resolve at-risk situations for both the mother and the fetus. The relative risk of death associated
with CS was similar to that reported in high-resource countries [9, 17], however, the extent of
the corresponding risk difference associated with CS is greater in Brazil than in those countries,
because of its higher MMR. Another important aspect to consider is the role of over-medicali-
zation as a threat to quality and improved health outcomes, which emerges in stage IV of the
obstetric transition (MMR< 50/100 000 births) [36] and that high CS rates may be an obstacle
for further reducing MMR.

Conclusion
Although the perceived safety of CS has increased its acceptance for both clinicians and
patients [5], our study suggests that the procedure is independently associated with increased
risk of postpartum maternal death. Clinicians and patients should consider this fact when bal-
ancing the benefits and risks of this procedure. Governmental policies directed to women's
health need to account that a reduction in excessive CS rates may prevent maternal deaths.
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