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Objective To identify cases of severe maternal morbidity

(SMM) during pregnancy and childbirth, their characteristics, and
to test the feasibility of scaling up World Health Organization
criteria for identifying women at risk of a worse outcome.
Design Multicentre cross-sectional study.
Setting Twenty-seven referral maternity hospitals from all regions

of Brazil.
Population Cases of SMM identified among 82 388 delivering

women over a 1-year period.
Methods Prospective surveillance using the World Health

complication was hypertensive disease. Criteria for MNM
conditions were more frequent as the severity of the outcome
increased, all combined in over 75% of maternal deaths.
Conclusions This study identified around 9.5% of MNM or death

among all cases developing any severe maternal complication.
Multicentre studies on surveillance of SMM, with organised
collaboration and adequate study protocols can be successfully
implemented, even in low-income and middle-income settings,
generating important information on maternal health and care to
be used to implement appropriate health policies and
interventions.

Organization’s criteria for potentially life-threatening conditions
(PLTC) and maternal near-miss (MNM) identified and assessed
cases with severe morbidity or death.

Keywords Audit, Brazil, maternal near miss, obstetric care,
potentially life-threatening complications of pregnancy, severe
maternal morbidity.

Main outcome measures Indicators of maternal morbidity and

Tweetable abstract Surveillance of severe maternal morbidity was
proved to be possible in a hospital network in Brazil.

mortality; sociodemographic, clinical and obstetric characteristics;
gestational and perinatal outcomes; main causes of morbidity and
delays in care.
Results Among 9555 cases of SMM, there were 140 deaths and
770 cases of MNM. The main determining cause of maternal
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Introduction
Using severe maternal morbidity (SMM) instead of maternal mortality as a proxy for severe complications during
pregnancy and childbirth is no longer a new approach.
The main advantages are the higher number of cases avail-
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able, and that women are still alive and therefore able to
provide information on relevant factors possibly associated
with complications or with any delay in appropriate
care.1,2 This is recognised to be especially important in
high-income settings, where the number of maternal deaths
is very low.3
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There is currently an agreement that SMM needs to be
audited in different scenarios, even in low-income and
middle-income settings where the number of maternal
deaths is high and still a priority.4 This would probably be
the best way of showing health professionals and policy
makers the need for adequate measures to avoid women
becoming worse and dying.5 Ideally, this would be a routine surveillance system for women experiencing an SMM
episode, using the recently issued World Health Organization (WHO) criteria.6 In the continuous chain of events
associated with pregnancy, Potentially Life-Threatening
Condition (PLTC) is the first step of more severe complications deserving special attention from healthcare providers, before any organ dysfunction or failure arises
(Maternal Near Miss—MNM) or the woman dies (Maternal Death—MD).6 Unfortunately, this is not the reality,
even for some high-income countries.7–9
Recently these criteria have been used worldwide, with
important findings towards improving maternal health.10,11
Multicentre studies have shown that collaboration is the key
answer to empower relevant rulings.12 The current study is
the result of an organised nationwide network in Brazil, for
the surveillance of SMM, resulting in more than 80 000
pregnancies screened and detailed information on almost
10 000 cases of SMM. This was the first study to prospectively test the new WHO criteria in the field.13,14 Some analysis on this study has already been performed and
published.15,16 Now the core findings of this successful study
are presented and the most relevant conclusions and future
steps to influence health policies and diminish the burden of
maternal morbidity and mortality are discussed. In addition,
this study showed how an organised collaboration among
health facilities from a middle-income country is possible
and powerful, and how it can gather important evidence for
policy changes when financial and structural resources are
available and the correspondent research priorities are
already established.

Methods
Ethics statement and financial support
This study was reviewed and approved by the National
Council for Ethics in Research (CONEP, Brazilian Ministry
of Health) and by each of the Institutional Review Boards
of all participating sites. All data were retrieved from medical records after discharge and did not identify participants;
for that reason, a waiver of individual informed consent
was obtained. This was considered a key point; otherwise,
no complete coverage of all cases of severe conditions and
deaths would be obtained.
The financial support for the study was obtained from
the Department of Science and Technology of the Brazilian
Ministry of Health and CNPq (the National Research
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Council), which played no other role in the development,
data collection, analysis or interpretation of results.

Study design and selection of facilities
The research protocol and specific methodological details
for implementation of the research proposal are published
elsewhere.12,13 The coordinating centre has been interested
in maternal morbidity since 2002, with a pioneering scientific production on the subject and participation in
national and international discussions over its relevance.16
This was a multicentre, cross-sectional study carried out
in 27 Brazilian referral maternity hospitals, from July 2009
to June 2010. In order to select the health facilities for this
network, a convenience sampling strategy was adopted to
guarantee the organisational structure needed and a minimum number of deliveries and live births (LB) per year
(1000 LB/year). The first approach towards interested centres occurred in 2007. There was a concern to lessen the
impact of nonrandom sampling and an effort towards representativeness of the national territory (with at least one
health facility from each of the country’s five macro-regions) and of facilities from public and private sectors, university and nonuniversity hospitals. The total number of
health facilities selected was accomplished based on the
number of MD and MNM calculated as necessary to validate the use of the WHO criteria for pregnancy-related
PLTC and MNM that had recently been released,6 as well as
to perform other relevant primary and secondary analyses.
All selected centres had to provide a set of information
regarding their characteristics, including location, complexity of level of care, population covered, number of maternity beds and availability of resources for specialised care
of severe cases (blood bank, obstetric and neonatal intensive care units, specialist care for high-risk pregnancies,
surgical specialties on duty, ultrasonography, laboratory,
anaesthetists available round the clock, capacity for parenteral administration of antibiotics, oxytocin and magnesium sulphate, mechanical ventilation, cardiorespiratory
resuscitation of adults and newborns, and hysterectomy).
The availability of written protocols to guide medical interventions and evidence-based procedures was also assessed.
Quality of obstetric care among the participating institutions and use of the index of maternal severity that was
developed have already been explored.17
Sample size was calculated considering the number of
deliveries that would need to be screened to identify
around at least 100 MD and 600 MNM. A previous report
of eight MNM per 1000 deliveries18 was used for sample
size estimation and therefore a total of at least 75 000
deliveries should be followed to get those numbers.
In each of the selected facilities, there was a qualified
team of researchers, with a local medical investigator (that
supervised data collection and system update) and a medi-
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cal or nursing local coordinator who should perform the
daily surveillance for identification of cases and data collection. All the procedures involved were previously covered
in training during an initial study meeting and a manual of
operations with detailed information on every step for procedures was developed and available in each setting.13

Subjects and data collection
During the study period, all women admitted to the participating health facilities were prospectively screened for the
presence of any of the criteria defined by WHO for PLTC
and MNM (Table S1) or MD. For that purpose a screening
form with all these criteria was developed and implemented
to avoid missing cases. In daily rounds on hospital wards,
emergency rooms, intensive care units and obstetric rooms
the research coordinator applied the inclusion criteria and
identified cases. The medical charts of these women were
retrieved for further data collection immediately after hospital discharge, transfer or death. Complete information on
all deliveries occurring in the same period was not collected
because of budget and logistical restrictions.
For cases thus identified, information was collected using
an 80-item pre-coded form including data on demographic
and economic characteristics, obstetric history, antenatal
care provided, 16 previous morbid conditions, occurrence
of PLTC, MNM (WHO criteria) and main complication in
the chain of events leading to these conditions, duration of
hospitalisation (before delivery, following delivery and total
time), maternal and perinatal outcomes and information
on the occurrence of delays in the provision of care.14
When there was missing information or doubts, the attending medical team was approached for clarifications.
For data management, an open access, web-based platform called OPEN-CLINICA (OpenClinica LLC, Waltham,
MA, USA) was used, because it is a system compliant with
good clinical practice and regulatory guidelines, allowing
differentiated user roles and privileges, password and electronic signatures, SSL encryption and de-identification of
Protected Health Information. A user-friendly form was
developed in accordance with the standardised pattern
existing in the system, with the inclusion of different sections comprehending all the relevant variables in the study.
It was important to have investigators, coordinators, supervisors, data managers at central and local levels granted different levels of accessibility for the inclusion and
evaluation/consistency of data.13

Quality control
To guarantee high-quality data and reliability of information, several procedures were implemented from the beginning of the study. Preparatory meetings were crucial to
train the team of researchers and also to explain the innovative project and the possibility of excellence in an investi-
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gation in a middle-income country, due to organisation
and adequate funding. Sharing the relevance of collaboration made the whole team proud and helped to ensure
high-quality data collection.
A very detailed manual of operations was available and
the coordinating centre was also always accessible for solving doubts. There was a close monitoring of data collection
and data entry with concurrent query management from
the coordinating centre. Electronic messages were used to
share similar difficulties and further instructions. During
the study period, site visits were performed for evaluating
the facilities’ involvement, degree of completeness for the
study standard and organisational procedures, with the
review of randomly selected cases (around 5% of those
identified) and cross-checking of local data with the information already stored in the web-based system.
Half way through data collection, there was another
meeting, with researchers from all participating centres and
also the steering committee including people from the
WHO, international research leaders in the field, and representatives from the Ministry of Health and the Brazilian
National Research Council. Partial results were presented
and difficulties were discussed to improve the continuity of
the study.
After the end of data collection, there was an intensive
period of data consistency checking and cleaning during a
4-month period, with auditing by a set of validation/crosschecking rules as part of online data management. The
coordinating centre analysed a list of inconsistencies for
each facility and checked case by case, to see if it was a simple typing error or an important piece of missing or mistaken information. In all the cases where an inconsistency
remained, the health facility was further questioned. All the
answers were used to correct the database and were stored
in a text box, open for commentaries, in the end of each
form. There were in addition special checking rules related
to delays, which are already detailed elsewhere.14 Briefly, as
examples, when there was ‘absent antenatal care’ or ‘direct
inter-hospital transfer’ (when a woman with a severe complication was transferred from one facility to a higher-level
hospital with no previous contact between institutions) the
researchers considered delay related to health service accessibility. For severe pre-eclampsia/eclampsia without magnesium sulphate administration as a management criterion,
researchers were asked to identify the criterion used to classify the severity of disease and to evaluate the possibility of
delay related to quality of medical care; if ‘discharge
required by the patient herself’ or ‘evasion’ was identified,
the delay was attributed to user factors.

Data analyses
Data analysis initially consisted of the distribution of
women with severe complications identified as PLTC,
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MNM or MD, whichever was the worst condition
presented. Health indicators related to maternal morbidity
and mortality as recommended by WHO were calculated:
MNMR (maternal near-miss ratio per 1000 LB), severe
maternal outcome ratio per 1000 LB, maternal mortality
ratio per 100 000 LB and MNM:MD (the ratio between
MNM and MD).6 Then the distribution of outcomes of
obstetric complications by main determining causes was
performed, followed by the evaluation of the WHO criteria
for MNM used alone or in combination for identifying
cases of MNM and MD. Subsequently, the distribution of
previous maternal conditions according to groups of
maternal outcomes was provided. In addition, information
on sociodemographic and obstetric history, and delays in
care according to the outcome of maternal complications
was also assessed. The significance of differences among
these groups was assessed using chi-square or exact tests.
The P-values were adjusted for the effect of the cluster
design19 and SPSS (SPSS, Inc., 2009, Chicago, IL, USA) was
the main statistical package used in this analysis.

Results
During 1-year, a total of 82 388 women were admitted to
the 27 health facilities included in the study for any pregnancy-related condition. These women had 82 144 LB. The
final study population consisted of 9555 women presenting
pregnancy-related severe complications, meeting the established inclusion criteria and 910 of those presented severe
maternal outcome, with 140 MD and 770 MNM, giving a
severe maternal outcome ratio of 11.08 per 1000 LB. The
maternal mortality ratio in the screened population was
170/100 000 LB (Table 1). The MD included in this study
represented about 8% of all MD registered nationwide in
2010.20

Table 1. Indicators of severe maternal morbidity according to the
WHO definition
PLTC

MNM

MD

Total

LB

Cause*
Haemorrhage
Hypertension
Infection
Clinical/surgical
More than one
Total

PLTC
1929
6315
51
773
423
8645

MNM

(22.3)
(73.0)
(0.6)
(8.9)
(4.9)

312
349
44
185
117
770

(40.5)
(45.3)
(5.7)
(24.0)
(15.2)

MD
37
42
5
65
8
140

(26.4)
(30.0)
(3.6)
(46.4)
(5.7)

P**
0.009
<0.001
<0.001
<0.001
<0.001

*They are not mutually exclusive.
**P-values adjusted for the effect of the cluster design using chisquare or exact tests.

Table 2 shows that the main determining cause of
maternal complication was hypertensive disease (accounting for 73% of PLTC, 45% of MNM and 30% of MD), followed by haemorrhage (22% of the total PLTC, 40.5% of
MNM and 26% of MD), clinical/surgical (8.9% of PLTC;
24% of MNM and 46% of MD) and infection (with uterine/obstetric aetiology: 0.6% of PLTC, 5.7% of MNM and
3.6% of MD). Causes were not mutually exclusive, with
around 6% of cases with more than one underlying cause
of complication. Considering maternal mortality, the most
significant cause of complication was clinical/surgical,
defined as indirect causes, including infection not related
to pregnancy (such as urinary tract infection or respiratory
infection) or surgery due to appendicitis, for example.
When evaluating the WHO criteria used for identifying
MNM, it is clear that none of them (clinical, laboratory or
management criteria) was superior alone, for this identification. As severity of outcomes increases, the criteria are
more frequently identified, all combined in over 75% of
MD (Table 3).
Table 3. WHO criteria used alone or in combination for identifying
life-threatening maternal conditions
Criteria

MNM

MD

P*

Deliveries

8645
770
140
9555
82 144
82 388
90.4%
8.1%
1.5%
MNM incidence ratio: MNM/LB 9 1000 = 9.37/1000 LB
Severe Maternal Outcome Ratio = (MNM + MD)/
LB 9 1000 = 11.08/1000 LB
MNM:mortality ratio MNM:1 MD = 5.5:1
Mortality index MD/(MNM + MD) = 0.154 = 15.4%
Maternal mortality ratio MD/LB 9 100 000 = 170.4/100 000 LB
Mortality Index is the proportion of women with near miss who
died. Severe Maternal Outcome Ratio is the proportion of all
women delivering an alive newborn who had a maternal near miss
or died.
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Table 2. Distribution of outcomes of obstetric complication by main
determining causes; n (%)

Only Clinical (C)
Only Laboratory (L)
Only Management (M)
C+L
C+M
L+M
C+L+M
Total
Clinical
Laboratory
Management

112
172
174
37
98
37
140
770
387
386
449

(14.5)
(22.3)
(22.6)
(4.8)
(12.7)
(4.8)
(18.2)
(50.3)
(50.1)
(58.3)

1
–
1
1
25
5
107
140
134
113
138

(0.7)
(–)
(0.7)
(0.7)
(17.9)
(3.6)
(76.4)
(95.7)
(80.7)
(98.6)

<0.001
<0.001
<0.001
<0.001

*P-values adjusted for the effect of the cluster design using
Chi-square or exact tests.
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The impact of previous morbid maternal conditions
was extensively considered and Table 4 shows that around
half of the population studied had any of the assigned
previous conditions. For some conditions, their frequency
was directly associated with the severity of maternal outcome, which is the case for cardiac disease, sickle cell disease, HIV/AIDS, cancer, drug addiction, thyroid diseases,
any of them, and others not specified. For a few conditions, there was a fluctuation in the frequency of the previous condition with severity, such as self-reported
obesity, diabetes, respiratory disease and renal disease. For
hypertension as a previous condition, on the other hand,
there was a decrease from 18% of cases of PLTC to 6.4%
of cases of MD.
The Supplementary material (Table S2) describes some
sociodemographic and obstetric history characteristics of
women according to the outcome of obstetric complication. Cases identified as MNM had a significantly higher
proportion of higher maternal age and parity, and hospital
admission at lower gestational ages than PLTC. Delays for
care were identified in increasing proportions with the
severity of maternal outcome.

Table 4. Previous maternal conditions according to the outcome of
maternal complications
Previous
conditions

PLTC

MNM

MD

P**

3633 (48.6)
1342 (17.9)

333 (50.8)
107 (16.3)

62 (56.9)
7 (6.4)

0.491
0.035

Discussion
Main findings
Our results show a maternal mortality ratio of 170/100 000
LB; this is from a sample of tertiary referral facilities in the
country with a high-risk population and so is not representative of the entire country, for which the ratio is around
58/100 000 LB,21 with an important decrease during the
last decades. Brazil still has a high mortality, but with a
high proportion of indirect obstetric causes and with
marked improvement in many social and economic parameters. This triggers an obstetric transition for the country,
where quality of care becomes a major determinant of
health outcomes. Secondary and tertiary prevention are
necessary to improve maternal health at this stage.22
The MNM ratio for this study was very close to that
from the WHO Multicountry Survey.23 These figures are
important to support the hypothesis that SMM occur at
approximately the same rates everywhere, irrespective of
the level of income or development. What really matters is
when and how these morbidities are identified and managed and the consequent mortality. Additionally, the main
factors currently identified as associated with MNM and
MD were the same for both, suggesting that what really
makes the difference is the care received. Our Mortality
Index was 15.4%, an acceptable performance considering
that high values (>20%) indicate an inadequate quality of
obstetric care, whereas high-income countries present Mortality Index <2%.24

Strengths and limitations
Any of below
Chronic
hypertension
Obesity
Low weight
Diabetes
Smoking
Cardiac disease
Respiratory disease
Renal diseases
Sickle cell disease
HIV/AIDS
Thyroid diseases
Neurological
diseases
Collagenoses
Cancer
Drug addiction
Others
(not specified)
Total (n = 8241)*

1884
21
176
413
202
197
77
50
76
98
86

(25.2)
(0.3)
(2.4)
(5.5)
(2.7)
(2.6)
(1.0)
(0.7)
(1.0)
(1.3)
(1.2)

87
5
30
44
32
34
23
12
11
17
12

(13.3)
(0.8)
(4.6)
(6.7)
(4.9)
(5.2)
(3.5)
(1.8)
(1.7)
(2.6)
(1.8)

18
1
3
9
8
3
2
3
4
4
2

(16.5)
(0.9)
(2.8)
(8.3)
(7.3)
(2.8)
(1.8)
(2.8)
(3.7)
(3.7)
(1.8)

<0.001
0.166
0.036
0.420
0.007
0.008
<0.001
0.004
0.018
0.008
0.289

36
16
75
334

(0.5)
(0.2)
(1.0)
(4.5)

11
4
17
82

(1.7)
(0.6)
(2.6)
(12.5)

–
5
8
16

(–)
(4.6)
(7.3)
(14.7)

0.213
<0.001
<0.001
<0.001

7477

655

109

*Missing information for 1314 cases.
**P-values adjusted for the effect of the cluster design using chisquare or exact tests.

950

An important finding of this study is that an organised collaboration among health facilities from a middle-income
country is possible, and powerful in gathering evidence for
policy changes, whenever financial, structural and organisational resources are available and research priorities are
established. Having quality and detailed data on almost
10 000 cases of SMM would be impressive even for highincome scenarios. The initiative of building a national network of facilities was the key point for further research
proposals, the expertise developed through this work
enabling future studies25–27 and empowering local changes
and adjustments in quality of care.28 Some similar
initiatives have already been developed mainly in high-income countries such as Canada, the Netherlands and Scotland.7–9,29 However, such a broad surveillance system for
middle- or low-income countries is rarely available even
for study purposes.30 In addition, although the results of a
similar but much bigger and multinational study from
WHO have already been published,23 this was the first to
test in the field the WHO criteria for PLTC and MNM on
a large scale, and served as a pilot for the implementation
of the larger WHO study.6
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This study has some limitations. Considering the data
were collected only after the women’s discharge, some variables had a high missing data rate, as was the case for body
mass index, ethnic group and education level, just because
they were not included in the clinical records of some facilities. This was not associated with any other condition. In
addition, we did not consider evidence-based interventions
for each complication, which could have helped to understand delays in care and to derive some rates of unmet
needs on quality of obstetric care. We also did not collect
information for all delivering women, and therefore we
could not estimate risks for adverse maternal outcomes
according to any characteristic because a reference group
without morbidity was not available.
This study generated and validated the maternal severity
index15 that was used afterwards in the WHO Multicountry
Survey on Maternal and Neonatal Health.23 Since then,
data from new studies or routine surveillance, using the
same criteria, can be compared with information collected
using these standard methods. Another key implication was
to demonstrate that such a network for surveillance is also
possible in middle-income and perhaps low-income settings
if some resources are available, if a detailed and well-organised planning is performed, and mainly if political willingness exists. Some of the participating centres had very
limited previous experience in clinical research but they
were able to perform well with training and resources provided.

Interpretation
The current main causes of morbidity and mortality gave
some surprising results. Indirect causes (classified as clinical/surgical) were responsible for 8.9% of PLTC, but for
over 46% of maternal deaths. Previous reports have
shown that indirect causes were responsible for about
25% of all maternal deaths in Brazil.21 A possible explanation for our higher rate of MD due to indirect causes is
the impact of the influenza H1N1 pandemic during data
collection.31 We had over 200 cases suspected and 30 MD
among those. In addition, the country is experiencing an
obstetric transition, moving to decreasing direct obstetric
causes and increasing indirect causes as recently
described.22
On the other hand, the most frequent cause of maternal
morbidity, hypertensive disorders, represented only 30% of
MD. This is probably the result of adequate and timely
interventions, with management of associated complications.23 While postpartum haemorrhage is predominant
mainly in low-income settings, hypertensive disorders as
the leading cause indicates a real transition to a relatively
better condition in terms of quality of obstetric care, generally associated with a transition to middle-income or upper
middle-income countries.
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Characteristics of women possibly associated with severity of maternal outcomes are not the main focus of the
current analysis because they could only be properly
assessed with reference to women without any complications. Anyway, this topic should be addressed in detail in
future studies.
Important characteristics associated with severity of
maternal outcomes were identified, including previous
maternal conditions, any delays for care and admission
before 37 weeks of gestation or postpartum. Any delay
identified as associated with worse maternal outcome is a
milestone for the discussion on the topic, mainly for middle-income countries where quality of obstetric care is a
key point.14

Conclusion
The long-term goal from this study is to scale up the
capacity of data collection and create a surveillance system
with real-time input of information for decision-making.
This could have a significant impact towards improvement
of maternal health. To accomplish that, policy makers need
to understand that with prompt identification of severe
cases and adequate management, maternal mortality and
morbidity can be effectively reduced. In addition, as
another future goal to better address the problem of severe
maternal morbidity, we propose a broad pragmatic randomised controlled trial with a package of interventions to
be applied specifically for each condition identified, for
each level of the health structure, and by trained health
personnel. This would probably be the only way to test
whether evidence-based information on the care of women
with maternal complications could accelerate the process of
changing the stage of obstetric transition to higher levels
and then approaching the ideal situation for maternal
health in the challenging new era we will be facing after
2015.
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