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Glossary

Some of the definitions used here are adapted from the World Health Organization (WHO)
maternal near-miss approach for maternal health (1).

Admission to intensive care unit: is defined as admission to a unit that provides 24 hours
medical supervision and is able to provide mechanical ventilation and continuous vasoactive
drug support.

Adverse perinatal outcomes: the presence of either or more of the following: stillbirth, low
birth weight, preterm birth, admission to neonatal intensive care unit (ICU) and first minute birth
asphyxia in women with and with-out maternal near-miss.

Anemia: is a condition in which the hemoglobin level is less than 6 g/dl.

Apgar score: score ranging from 0—10 based on a newborn’s tone, color, respiration, pulse rate,
and responsiveness at 1, 5, and 10 minutes.

Birth asphyxia: Apgar score below 7 atl, 5, and 10 minutes of life.

Dystocia: is most frequently used as an equivalent for obstructed labor, but it covers a broad
range of conditions, from labor lasting more than 12 hours to uterine rupture, feto-pelvic
disproportion or abnormal fetal presentation.

Early neonatal mortality: is defined as the death of the neonate less than 7 days of age.
Eclampsia: generalized fits in a patient without previous history of epilepsy. It includes coma in
pre-eclampsia.

Live birth: refers to the birth of an offspring which breathes or shows evidence of life.

Low birth weight: is a new born weight below 2500 g.

Maternal mortality: is death of a woman while pregnant or within 42 days of termination of
pregnancy, irrespective of the duration and the site of the pregnancy, from any cause related to or
aggravated by the pregnancy or its management, but not from accidental or incidental causes.
Maternal near-miss: refers to a woman who nearly died, but survived a complication that
occurred during pregnancy, childbirth or within 42 days of termination of pregnancy.

Maternal near miss incidence ratio (MNIR): it refers to the number of maternal near-miss
cases that happened during the study period per 1000 live births during the same period.
Multiparous women: woman having had at least one previous birth.

Neonatal mortality: is neonatal death of less than 28 days of age.

Nulliparous woman: is a woman who has never given birth previously, or is in her first

pregnancy.
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Obstructed labor: labor is considered obstructed when the presenting part of the fetus cannot
progress into the birth canal, despite strong uterine contractions.

Overweight: is abnormal or excessive fat accumulation that may impair health. A body mass
index (BMI) greater than or equal to 25 is considered overweight.

Perinatal mortality: neonatal death of less than seven days of age, and fetal deaths after 28
weeks of gestation. In other words it is the sum of early neonatal death and fetal death after 28
weeks of gestation.

Preterm birth: is a baby born alive before 37 completed weeks of gestation, but after 28 weeks
of gestation.

Sustainable Development Goals: specify 17 universal goals, 169 targets, and 230 indicators
leading up to 2030, established by the United Nations (UN) General Assembly in September,
2015.

Severe post-partum hemorrhage: bleeding after delivery, with at least one of the following:
perceived abnormal bleeding (1000 ml or more) or any bleeding with hypotension or blood
transfusion.

Severe pre-eclampsia: persistent systolic blood pressure of 160 mmHg or more or a diastolic
blood pressure of 110 mmHg; proteinuria of 5 g or more in 24 hours; oliguria of <400 ml in 24
hours; and HELLP syndrome or pulmonary edema and excludes eclampsia.

Severe systemic infection or sepsis: presence of fever (body temperature >38°C), a confirmed
or suspected infection (e.g. chorioamnionitis, septic abortion, endometritis, pneumonia), and at
least one of the following: heart rate >90, respiratory rate >20, leukopenia (white blood cells
<4000), leukocytosis (white blood cells >12 000).

Stillbirth: is a newborn with no signs of life at or after 28 completed weeks of pregnancy.
Uncomplicated delivery: delivery that happened without any complications.

Uterine rupture: rupture of uterus during labor confirmed by laparotomy.

Underweight: A BMI of lower than 18.5 is considered as underweight.
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Executive Summary

Background: A maternal near-miss event or severe acute maternal morbidity is defined by the
World Health Organization as ‘a woman who nearly died but survived a complication that
occurred during pregnancy, childbirth or within 42 days of termination of pregnancy’. Since
maternal mortality is a rare event in each health facility, it is important to study maternal near-
miss as a complement to evaluate and improve the quality of obstetric care. Studies addressing
the incidence, causes, factors and adverse perinatal outcomes of maternal near-miss are rare in
Ethiopia. Thus, the findings of the current study are important to provide a reliable evidence for
policy makers, programmers and health practitioners.

Objectives: The study aimed to assess the incidence, causes, factors and adverse perinatal

outcomes of maternal near-miss.

Methods: The study was conducted in five selected public hospitals of Addis Ababa, Ethiopia
from May 1, 2015 to April 30, 2016. The hospitals were selected based on the number of
deliveries they managed per year. In addition, presence of an Intensive Care Unit, maternity
ward, blood transfusion service and availability of cesarean section delivery were considered in
the selection of hospitals. A mix of methods was used to address the objectives of the study. A
facility-based cross-sectional study was used to determine the incidence and causes of maternal
near miss (Objective I). All maternal near-miss cases admitted to the selected hospitals during
the study period were prospectively recruited. Maternal near-miss was ascertained using the
World Health Organization criteria. A nested case-control design was used for identifying factors
associated with maternal near-miss (Objective 11). All women who developed maternal near-miss
during the study period were included as cases, and those who delivered without any
complications within the same day of the near-miss event were enrolled as controls. A total of
three controls matched for age and study area were selected for each maternal near-miss case. A
prospective cohort study design was used to examine adverse perinatal outcomes of maternal
near-miss (Objective I11). Women who were admitted to the participating hospitals during the
study period and developed maternal near-miss according to the World Health Organization
criteria were included as exposed group. Women who delivered without any complications were
enrolled as non-exposed group. We followed a total of 828 women admitted for delivery or

treatment of pregnancy-related complications along with their singleton newborn babies. The
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main outcomes of interest were adverse perinatal outcomes and defined with a composite

measure.

Participants were interviewed by well-trained data collectors using pre-tested questionnaire.
Medical records were also reviewed to abstract relevant information. In order to review the
participants’ record, permission was obtained from the participants and administrators of each
participating hospital. Univariate analysis was performed to know the underlying and
contributing causes of maternal near-miss. The number of maternal near-miss cases over one
year per 1000 live births occurring during the same year was calculated to determine the
incidence of maternal near-miss. Bivariate and multivariable conditional logistic regressions
were performed to identify factors associated with maternal near-miss. Multivariable logistic
regressions were also performed to determine the adjusted risk of adverse perinatal outcomes.
Stata version 13 was used for the analysis.

Results: During a one-year period, a total of 238 maternal near-miss cases and 29,697 live births
were reported in the hospitals included in the study, which produced a total maternal near-miss
incidence ratio of 8.01 per 1000 live births (95% CI; 7.06 — 9.09). The underlying causes of the
majority of maternal near-miss cases were hypertensive disorders and obstetric hemorrhage.
Anemia was the major contributing cause reported for maternal near-miss. Most of the maternal
near-miss cases occurred before the women’s arrival at the participating hospitals. The main
factors associated with maternal near-miss were: history of chronic hypertension (AOR=10.79,
95% CI; 5.15 — 22.64), rural residence (AOR=10.68, 95% CI; 4.60 — 24.78), history of stillbirth
(AOR=6.06, 95% CI; 2.09 — 17.49), no antenatal care attendance (AOR=5.58, 95% CI; 1.82 —
17.05) and history of anemia (AOR=5.16, 95% CI; 2.81 — 9.47). After adjusting for potential
confounders, women with maternal near-miss condition had more than five-fold increased odds
of adverse perinatal outcomes compared to women without maternal near-miss (AOR=5.69: 95%
Cl; 3.69 — 8.76). Other risk factors that were independently associated with adverse perinatal
outcomes included: rural residence (AOR=2.16: 95% CI; 1.03 — 4.53), history of prior stillbirth
(AOR=2.39; 95% CI; 1.12 — 5.10) and primary educational level (AOR=1.89: 95% CI; 1.07 —
3.34).

Conclusions and recommendations: The majority of maternal near-miss cases have already
occurred on the women’s arrival at the participating hospitals, implying the need to focus on

existing pre-hospital barriers. However, near-miss cases that develop during hospitalization can
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help to measure the quality of obstetric care provided within the health facilities. Efforts made
towards improvement in the management of life-threatening obstetric complications could
reduce the occurrence of maternal near-miss problems that occur during hospitalization. There is
a need for appropriate interventions in order to improve the identified factors of maternal near-
miss. The factors can be modified through a better access to medical and maternity care, scaling
up of antenatal care in rural areas, improve in infrastructure to fulfill referral chain from primary
level to secondary and tertiary health care level, and, health education to pregnant women.
Presence of maternal near-miss in women is an independent risk factor for adverse perinatal
outcomes. Hence, interventions rendered at improvement in maternal health can lead to an
improvement in perinatal outcomes. The follow-up time used by the World Health Organization
to define maternal near-miss has duration of 42 days postpartum. However, because of logistic
and feasibility concerns, our follow-up time was limited to only the length of the hospital stay.
This might have caused us to underestimate the magnitude of maternal near-miss and hindered us
not to investigate the occurrence of other events such as maternal deaths occurred after maternal

discharge.

Keywords: Maternal near-miss, Incidence, Causes, Factors, Adverse perinatal outcomes, Public
Hospitals, Addis Ababa, Ethiopia.
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1. Introduction
1.1. Background of the study

The improvement of maternal health has made slow progress in most of the sub-Saharan African
countries (2). According to the World Health Organization (WHO), the United Nations
Children's Fund (UNICEF), the United Nations Population Fund (UNFPA) and the World Bank
(2015) estimate, globally, 303,000 maternal deaths occurred in 2015, with the highest burden
being in sub-Saharan African countries (2). Despite the high number of maternal deaths in many
of the institutions within these countries, the absolute number for each center classifies these
events as rare. Thus, in this situation, severe acute maternal morbidity or maternal near-miss
could serve as a surrogate for maternal death to evaluate the quality of obstetric care in particular
health institutions (3, 4). A maternal near-miss event or severe acute maternal morbidity is
currently defined by the WHO as ‘a woman who nearly died, but survived a complication that

occurred during pregnancy, childbirth or within 42 days of termination of pregnancy’ (1, 5).

Because there were no uniform criteria for the identification of near-miss cases and no standard
definition for maternal near-miss until 2009, a heterogeneous estimate of rates was observed in
different published literatures around the world. For instance, the rate ranged between 0.14% and
0.75% in some of the high-income countries (6-13), it ranged between 1.5% and 7.7% in some of
middle-income countries (14-18), and, in sub-Saharan African countries, it ranged between
2.21% and 12% (19-22). In Ethiopia, the prevalence has reached as high as 9.1% (23).

Worldwide, hypertensive diseases of pregnancy, obstetric hemorrhage, sepsis, anemia and
obstructed labor/dystocia have been identified as the major causes of maternal near-miss (8, 14,
24-26).

Different literatures on maternal near-miss around the globe revealed different factors.
Advanced maternal age, race, lower socio-economic status, rural residence, less or no antenatal
care (ANC) follow-up, multiple pregnancies, nulliparous, multiparous, previous cesarean section
delivery, pre-existing medical conditions, overweight and underweight were documented as
factors for maternal near-miss (11, 12, 18, 20, 24, 27-30).

Several studies have shown that the presence of maternal near-miss condition in women is

strongly associated with the occurrence of adverse perinatal outcomes such as stillbirth, preterm



birth, low birth weight, early neonatal mortality, birth asphyxia, and a possible admission to
Neonatal Intensive Care Unit (NICU) (18, 20, 28, 31-33).

1.2. Statement of the problem

In September 2015, the United Nations (UN) General Assembly formally approved a set of 17
Sustainable Development Goals (SDG) as a follow-up to Millennium Development Goals
(MDGs). Improving maternal health remains an important topic of SDG, which is to reduce the
global Maternal Mortality Ratio (MMR) to less than 70 per 100,000 live births by 2030 (34).
Globally, 303,000 maternal deaths occurred in 2015 with sub-Saharan Africa alone accounts for
66% of the deaths (2). The study of maternal mortality is a challenge mainly due to small number
of maternal deaths in each health facility. Thus, because maternal mortality is a rare event, and
because it follows a similar pathway to maternal near-miss, there is a benefit to include a larger
number of cases for analysis, as research related to maternal near-miss is crucial when examining
the quality of obstetric care (3-5). Assessing near-miss has an advantage over maternal death as

near-misses are more common and statistically robust (3, 4).

In Ethiopia, maternal near-miss complications are common and are estimated to be around 12
times more frequent than maternal deaths (23). Previous studies in Ethiopia have documented a
prevalence rate of 101 per 1000 deliveries ( a study conducted between January, 2008 to
December, 2010) (26), and, 90.79 per 1000 live births, according to a study conducted between
May, 2011 and October, 2012 (23). Studies addressing the magnitude of maternal near-miss in
Ethiopia failed to utilize the standardized WHO criteria to measure maternal near-miss, and this
can lead to an incorrect estimate of the problem. In addition, denominators that were used to
calculate the magnitude of maternal near-miss vary from study to study. One of the studies used
the total deliveries (26), while the other took the total live births occurred during the study period
(23) which provided a heterogeneous estimate. Hence, the first step to design programs that
address maternal near-miss in Ethiopia is to accurately measure the problem in a more scientific

way.

Review of literatures around the world reported different factors for maternal near-miss. The
factors associated with maternal near-miss are not well-studied in Ethiopia. Few previous

published studies conducted in the country relied on patient record to assess factors of maternal



near-miss. Hence, these studies might be subjected to information bias due to incompleteness
and poor quality of secondary data at the health facility (23, 26). The factors were also identified
using a cross-sectional study design which has known limitations of ascertaining cause-effect
relationship. Deeper analyses techniques such as conditional logistic regressions were not also
shown in these studies (23, 26).

Previous studies have shown that the presence of maternal near-miss condition in women is
strongly associated with the occurrence of adverse perinatal outcomes (18, 20, 28, 31-33). Many
previous studies on the association between maternal near-miss and adverse perinatal outcomes
were either cross-sectional or case-control which are subjected to information bias (18, 33, 35).
In addition, majority of the studies used hospital record to abstract potential maternal
characteristics, which lead to lack of data on important confounding variables (31, 32). These
confounders may be alternative explanations for an observed association between exposure and
outcome variables. Thus, it was not clear whether the adverse perinatal outcomes were due to the
confounding effect or because of maternal near-miss. In Ethiopia, the perinatal outcomes

associated with maternal near-miss condition were also not well-understood.

Therefore, using appropriate criteria to measure maternal near-miss, and the use of proper
study methods can help to better understand the incidence, factors and adverse perinatal

outcomes of maternal near-miss in Ethiopia.

1.3. Rationale of the study

The current study utilized the recently developed WHO case identification criteria to measure
maternal near-miss, which can better estimate the magnitude of the problem in Ethiopia.
Magnitude of maternal near-miss is an important indicator of quality of obstetric care (4). Up-to-
date information on the causes, factors and adverse perinatal outcomes of maternal near-miss are
important to know areas of interventions that help to improve maternal and perinatal health.
Nevertheless, studies addressing the incidence, causes, factors and adverse perinatal outcomes of
maternal near-miss using a new approach of measurements and proper study methods are rare in
Ethiopia. Thus, the findings of the current study are vital to fill the knowledge gap, and it will

provide a reliable evidence for policy makers, programmers and health practitioners to bring



about quality of obstetric and newborn care. The study will also serve as baseline for future

researchers interested in near-miss studies in Ethiopia.

1.4. Literature review

The aim of the current review was to identify literatures that were conducted across the globe on
the magnitude, causes, factors and perinatal outcomes of maternal near-miss. Electronic data
bases such as MEDLINE, Google scholar and HINARI were used to retrieve pertinent published
materials. Key terms such as "maternal near-miss and magnitude”, "maternal near-miss and
causes”, "maternal near-miss and predictors/factors/determinants”, "maternal near-miss and
perinatal outcomes”, "severe maternal morbidity” and "life threatening maternal complications”
were used as search terms. Only those published literatures since 2001 and written in English
language were considered. EndNote X6 software was used to cite selected references.

1.4.1 Definitions and identification criteria for maternal near-miss case

Review of literatures revealed that the following four types of approaches were used as
identification criteria of maternal near-miss cases. Those include: (i) utilization of disease-based
criteria that were used by Fillip et al (36) such as hemorrhage, hypertensive disease of
pregnancy, dystocia, infections and anemia, (ii) management-based approaches such as
admission to Intensive Care Unit (ICU), blood transfusion or hysterectomy (9, 31, 37, 38), (iii)
organ dysfunctions-based such as renal failure (10, 33, 39), and, (iv) the new WHO approach
(19, 21, 40).

Definitions of maternal near-miss based on disease-specific entities are generally built around
obstetric diagnoses or complications and tend to focus on the major causes of maternal mortality,
such as hemorrhage, hypertensive disorders, uterine rapture and sepsis (3). In developing
countries, it is possible to get the data on different diagnosis of the complications more easily
from hospital registers. However, it is very difficult to develop definitions based on signs and
symptoms for all types of complications (3, 36, 41). The definitions will require the consensus of
clinicians on criteria of severity, which can be difficult to obtain given the diversity of clinical
experience (3, 36, 41). Despite these limitations, disease-specific criteria were used in different

literatures to identify maternal near-miss cases.



Management-based criteria, such as hysterectomy or admission to ICU definitions were also
used for identification of maternal near-miss in different literatures (9, 16). This definition was
most widely used in literatures from developed countries (3). Since only one register is required
for data collection, it is simple and easy, but the problem is only life threatening cases are
identified from ICUs. Besides, it is that very difficult to define what an ICU constitute and it
may vary across hospitals. Some hospitals may not have an ICU even. Because of such

variations, comparisons across settings have to be interpreted with caution (3).

Definitions based on organ dysfunctions were also used in different literatures for
identification of maternal near-miss cases (17, 18). The organ-based dysfunction is based on the
failure of an organ (for example, renal failure or cardiac de-compensation) of women during or
within six weeks after pregnancy (3). The disadvantage of organ-based dysfunction criteria is
that it cannot be used widely in developing countries since it requires sophisticated technologies
to diagnose organ failure which is not usually available in hospitals of developing countries (3).

Because different ways of definitions and identification criteria were used to measure maternal
near-miss and no standard definition for maternal near-miss until 2009, there were heterogonous
estimate of the prevalence of maternal near-miss across different countries. Hence, in order to let
the rates to be comparable over time and across regions, a standard definition and uniform case
identification criteria for maternal near-miss was proposed by WHO in 2009 (5). The
identification criteria include clinical, laboratory and management-based approaches. The new
WHO technical working group on maternal morbidity and mortality classifications also
recommends using the total live births during the study period to calculate the maternal near-

miss rates (1, 5).

1.4.2. Magnitude of maternal near-miss according to the new WHO criteria
Depending on the new WHO approach, one prospective study conducted in Australia reported an
incidence rate of 6 per 1000 live births (13). Using this approach, a study in India, Irag and
Brazil also reported a maternal near-miss prevalence rate of 17.8 per 1000 live births, 5.06 per
1000 live births and 4.4 per 1000 live births respectively (28, 40, 42). In Africa, one prospective
facility-based study conducted in Ghana reported an incidence rate of 28.6 cases per 1000 live

births (19). Another studies conducted in Rwanda, Uganda and Tanzania reported an incidence



rate of 8 per 1000 live births, 8.42 per 1000 live births and 36 per 1000 live births respectively
(43-45).

1.4.3. Causes of maternal near-miss
Hypertensive disorders of pregnancy, obstetric hemorrhage, pregnancy-related infections,
obstructed labor/dystocia, and unsafe abortions were reported as underlying (direct) causes of
maternal near-miss in various literatures (9, 14, 15, 17, 18, 24, 28, 29, 31, 39, 40, 42, 46-50).
However, indirect causes such as anemia, malaria, human immunodeficiency virus (HIV) and

tuberculosis (TB) were stated as contributing causes to maternal near-miss (27, 51-56).

Hypertensive disorders of pregnancy

Hypertensive disorders of pregnancy which include eclampsia and pre-eclampsia, are among
some of the leading causes of maternal near-miss reported in majority of developed countries (8,
9, 46). For instance, it has been reported as the first leading cause of maternal near-miss in a
study conducted at the United Arab Emirates (8). It was also shown to be the second leading
cause in two other studies conducted in Italy (9, 46). Prospective studies done in Ireland and the
Netherlands also indicated that hypertensive disorders of pregnancy was the second most

common cause of maternal near-miss (7, 12).

Hypertensive disorders of pregnancy were also reported as the commonest cause of maternal
near-miss in middle-income countries as well. For example, it was stated as the leading cause of
maternal near-miss in studies conducted in Brazil, Pakistan, Syria, Bolivia and India (14, 17, 18,
24, 31, 47, 48). Other studies that were conducted in India, Iraq, Pakistan, Brazil, Bolivia, and
Indonesia indicated that hypertensive disorders of pregnancy was the second most common
cause of maternal near-miss (15, 28, 29, 39, 40, 42, 49).

In Africa, hypertensive disorders of pregnancy were also reported as the commonest cause of
maternal near-miss. For instance, studies conducted in Tanzania, Nigeria and Malawi mentioned

it as the second leading cause of maternal near-miss (20, 21, 25). In Sudan, it was documented as



the third common cause next to hemorrhage and infection (22). In Ethiopia, hypertensive
disorders of pregnancy were reported as the first leading cause of maternal near-miss (23).

Obstetric Hemorrhage

Obstetric hemorrhage was reported as the leading cause of maternal near-miss from studies
conducted in many of the developed countries. For example, studies done in Italy, Ireland and
the Netherlands ranked hemorrhage as the first cause of maternal near-miss (6, 7, 9, 12, 46). It
was also reported as the second leading cause in one study conducted at United Arab Emirates
(8). Literatures from some parts of the middle-income countries like India, Iraq, Pakistan, Brazil,
Bolivia, and Indonesia identified obstetric hemorrhage as the leading cause of maternal near-
miss (15, 24, 28, 29, 39, 40, 42, 49, 50). It was also shown as the second leading cause in studies
done in Brazil, Syria, and India (14, 17, 18, 31, 48, 57).

Evidences from some of the African countries documented obstetric hemorrhage as the leading
cause of maternal near-miss. For instance, literatures from Tanzania, Nigeria, Malawi and Sudan
reported obstetric hemorrhage as the first leading cause of maternal near-miss (20-22, 25). In
Ethiopia, it was reported as the second leading cause and responsible for 14.8% of the near-miss
cases (23).

Pregnancy-related infections/sepsis

Pregnancy-related infections were the least likely reported cause of maternal near-miss according
to studies done in most of the developed countries. However, it was shown to be a cause of
maternal near-miss from studies conducted in few low and middle-income countries. In countries
like India, Nepal, Brazil and Pakistan it has been reported as the third common cause of maternal
near-miss (42, 47, 48, 57, 58). It was also responsible for 3.1% of the causes in lIraq, 2.3%, 2.2%
and 3.1% in three studies in Brazil, 2.02% in Bolivia, 2.8% in Syria, 4.2% in Pakistan, and 5.9%
in Indonesia (14, 18, 24, 28, 29, 31, 39, 40, 50).



In African countries, pregnancy-related infections were reported as a cause of maternal near-
miss as high as 32% of the overall cases in Malawi, 21.5% in Sudan, 18.6% in Nigeria and 4%
in Tanzania (20-22, 25).

Obstructed labor/dystocia

Dystocia or obstructed labor that may be associated with or without uterine rapture was also
reported as the underlying cause of maternal near-miss in different literatures around the globe
(14, 24, 29, 39, 48, 50, 58). Although its contribution to maternal near-miss has not been
reported from many of literatures in developed world, in Netherlands, uterine rapture contributed
to 8.67% of the overall cause of maternal near-miss (12).

Obstructed labor has been reported as a cause of maternal near-miss in different middle-income
countries. For example, it contributed to 14.8% of the causes in Pakistan, 9.5% in India, 6% in
Indonesia, 3.8% in Syria, 2.77% in Nepal, and 1.02% and 0.04% in two studies at Bolivia (14,
24, 29, 39, 48, 50, 58).

In African countries, like Nigeria, dystocia was responsible for 23% of the causes of maternal
near-miss (20). Obstructed labor accounted for 11%, 7.9%, and 6% of the causes of maternal
near-miss in studies conducted in Malawi, Sudan and Tanzania respectively (21, 22, 25). In
Ethiopia, obstructed labor or uterine rapture accounted for the third leading underlying cause of

maternal near-miss (23).

Unsafe abortions

Unsafe abortions as an underlying cause of maternal near-miss have been mentioned in different
literatures. In Indonesia, for instance, unsafe abortions contributed to 16.3% of the overall causes
of maternal near-miss (29). In Tanzania, abortion-related complications were found to be one of
the leading causes according to a report by Nelissen et.al (21). In Ethiopia, 7.2% of the

underlying causes of maternal near-miss were due to unsafe abortions (23).

1.4.4. Factors associated with maternal near-miss
Review of literatures show that a variety of factors, such as socio-economic and demographic

characteristics of the women, her obstetric history and reproductive health (RH) characteristics,



pre-existing medical conditions and nutritional status of the women were associated with
maternal near-miss (11, 12, 24, 47, 51, 52, 54, 59).

Socio-economic and Demographic characteristics of the women

Advanced maternal age

Being an older woman, that is, age greater than 35, has been mentioned as a risk factor for
maternal near-miss in different literatures around the globe. For instance, it was mentioned as
one of the main risk factors for maternal near-miss in studies done at high-income countries,
such as United States of America (USA), United Kingdom (UK), Canada and the Netherlands
(11, 12, 51, 52, 54, 59). It was also reported as the main factor of maternal near-miss in middle-
income countries as well. For example, two studies in Brazil, one in eight Latin American
countries and another in Bolivia documented advanced maternal age as one of the factors
responsible for maternal near-miss (24, 33, 60, 61).

Race/Ethnicity
Evidences from some literatures in UK, USA and the Netherlands show that women of non-

white ethnicity were found to be at a greater risk for maternal near-miss (12, 51-54).

Low socio-economic status

When women are poor, they might not get the appropriate care they need or their autonomy of
decision to seek care will be denied which leads to poor maternal health outcomes. A study
conducted in USA by Creanga et.al. found that maternal near-miss affects more women of low
socio-economic status (52). Another study conducted on asylum seekers in Netherlands also
documented that unemployment and low socio-economic statuses were factors responsible for

maternal near-miss (27).

Educational level

Some literatures also reported an association between women’s educational level and maternal
near-miss. Women with low level of educational status were at an increased risk for maternal
near-miss. For example, evidences from studies in Brazil and Bolivia are suggestive of this (24,
62).



Rural residence
Another risk factor reported of maternal near-miss was place of residence. Studies from Bolivia
and Brazil documented that women residing in rural areas were more likely to be affected by

maternal near-miss complications compared to women residing in urban areas (24, 63).

Obstetric history and RH characteristics of the women
Less or no antenatal care (ANC) follow-up

Absences of ANC follow-up or less perinatal consultations during the women’s gestational
period were found to be risk factor for maternal near-miss. For instance, a study conducted in
Netherlands found that late gestational booking was found to be associated with maternal near-
miss morbidity (27). Lack of ANC follow-up was also reported to be a factor for maternal near-
miss in studies conducted at Bolivia and Pakistan (24, 47). Those women having less perinatal
consultations were reported to be at greater risk of maternal near-miss in studies done at China
and Brazil (61, 64). In Nigeria, it has been documented that ANC follow-up was protective
against maternal near-miss (20). In Ethiopia, one study shows that women who did not have

ANC follow-up was at an increased risk of developing maternal near-miss (26).

Multiple pregnancies

An association also exists between multiple pregnancies and maternal near-miss. Evidences from
developed countries like UK, Ireland, USA, Canada and Netherlands revealed that women
having multiple pregnancies were at an increased odds of developing maternal near-miss

compared to women with singleton deliveries (12, 51, 54, 56, 59).

Parity extremes

Women at both parity extremes (nulliparous or multiparous) were mentioned to be at a higher
risk of developing maternal near-miss. Literatures from some of the countries like USA, Canada
and the Netherlands reported that being a nulliparous was one of the factors that were associated
with maternal near-miss (12, 54, 59). First time pregnancy was also mentioned as one of the

factors of maternal near-miss in Bolivia (24). Higher parity also increased the risk of developing
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maternal near-miss as evidenced from studies in USA and Netherlands (27, 54). A study

conducted at eight Latin American countries by Souza et.al. is also suggestive of this (33).

Previous caesarean section (CS) delivery

Women who delivered their previous baby by CS were reported to be at an increased risk of
developing maternal near-miss compared to women without prior CS. For instance, studies
conducted in Netherlands and USA found that presence of prior CS in women was a risk factor
for maternal near-miss (12, 27, 65). A similar association between previous CS delivery and
maternal near-miss were also documented from studies conducted in Syria and other eight Latin
American countries (14, 33).

Pre-existing medical conditions

Women with pre-existing medical conditions, such as chronic hypertension, anemia, maternal
cardiac diseases and HIV are at a higher risk of developing maternal near-miss compared to
women without any previous medical complications. The presence of previous chronic medical
conditions has been mentioned as one of the factors for maternal near-miss in studies done at
UK, USA, Ireland and the Netherlands (27, 51-56). Literatures from Brazil and Syria also depict
this fact (28, 30, 61).

In some of the middle-income countries, anemia’s contribution as a factor for maternal near-
miss was reported to be high. For instance, 55% of the associated factors of maternal near-miss
was as a result of previous anemia in Iraq, 22% in India, and 21.2% in Pakistan (28, 48, 50). But
anemia’s contribution as a factor for maternal near-miss was reported to be less in some of the
studies conducted at Bolivia and Syria (14, 24, 39). In some of the African countries like, Ghana,
presence of previous anemia was the most common factor that contributed to maternal near-miss
(19). Anemia also accounted for 14.5% of the causes of maternal near-miss in Nigeria (20),
11.8% in Sudan (22) and 8% in Tanzania (21). Evidence from Nigeria also revealed that women

having prior chronic hypertension were at a higher risk of developing maternal near-miss (20).

Nutritional status of the women
Being underweight for the women could lead them for the occurrence of complications during

pregnancy or childbirth. Accordingly, finding from one study in Brazil documented underweight
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to be as one of the factors responsible for maternal near-miss (30). To the contrary, women who
were reported to be overweight were also shown to be at higher risk for the development of

maternal near-miss (12, 51, 66).

1.4.5. Adverse perinatal outcomes of maternal near-miss
Review of literatures show that the occurrence of maternal near-miss in women is strongly
associated with adverse perinatal outcomes, such as stillbirth, preterm birth, low birth weight,
early neonatal death, severe birth asphyxia, and admission to Neonatal Intensive Care Unit
(NICU) (18, 20, 28, 31-33).

Stillbirth

A variety of literatures reported that excessively high stillbirth rates were seen among women
with maternal near-miss complications compared to women without complications. For instance,
a study by Oliveira et.al showed that fetal deaths were higher among women with a maternal
near-miss condition than the non near-miss women (32). Similarly, a high rate of stillbirth was
documented among women of maternal near-miss in studies conducted in Brazil, Pakistan, Syria
and other eight Latin American countries (18, 28, 33, 47). Studies conducted in some of the
African countries, like Gambia, Nigeria and Sudan also show a higher risk of stillbirth among

women of maternal near-miss compared to women without near-miss conditions (20, 22, 67, 68).

Preterm birth

Available evidences show that preterm births were worst among women of maternal near-miss
compared to women without near-miss conditions. For example, a study in Syria showed a
higher percentage of preterm birth among women with maternal near-miss events (28). Similarly,
a higher rate of prematurity was observed in babies born to women with maternal near-miss case
in two studies in Brazil (31, 32).

Low birth weight
Findings from some literatures show that, babies born from woman who developed maternal
near-miss complications have had low and very low birth weight compared to women without

complications. For instance, studies in Brazil and other eight Latin American countries reported
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a low and very low birth weight babies born to women with maternal near-miss (31-33).
Additional study from Nigeria documented that babies born from women with maternal near-
miss case were found to be of lower birth weight compared to babies born to women without

complications (20).

Neonatal mortality

Available evidences depict that there were increased occurrence of neonatal mortality among
women who experienced maternal near-miss. For instance, two studies in Brazil documented a
higher rate of neonatal mortality among women with maternal near-miss complications (18, 32).
Similarly, another study by Souza et.al also reported that there was an increased risk of dying in

the first week of life for those babies born to women of maternal near miss cases (33).

Birth (perinatal) asphyxia

Perinatal asphyxia or birth asphyxia, which is the deficiency of oxygen during delivery, could
lead to severe hypoxic ischemic organ damage in newborns followed by poor fetal outcomes or
severe lifelong pathologies (69). It can be mild or severe depending on the grade of oxygen
deficiency that a newborn suffer at delivery and individual reaction developed under asphyxic
event. In order to grade the severity of perinatal asphyxia in newborn, Apgar score can be used.
It is a quick test performed on a baby at 1, 5 and 10 minutes after birth. The score ranges from 0
to 10. Score below 3 is considered as critically low (which needs immediate resuscitation), 4 — 6,

fairly low, and score equal to or above 7 refers to normal state of the newborn (69).

Babies born to women with maternal near-miss case showed a higher risk of developing birth
asphyxia in some of the reviewed literatures. For example, severe birth asphyxia was observed
among babies born to women of maternal near-miss in one study in Brazil (32). A similar
association between presence of maternal near-miss and severe birth asphyxia was also reported

in one study in Nigeria (20).

Admission to Neonatal Intensive Care Unit (NICU)
Few available studies show that the occurrence of maternal near-miss among women was
associated with admission of the newborn to neonatal ICU. For instance, Souza et.al in their

study reported that the chance of admitting babies born from women of maternal near-miss to
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neonatal ICU were higher (33). In another study in Brazil, 38.6% of babies born to women
experiencing maternal near-miss complications required NICU admissions (31).

As a summery, the current study contributes to the scientific body of knowledge in the following
ways. Firstly, the study used a new approach (the WHO criteria) to measure maternal near miss.
Secondly, strong research designs including matched nested case-control and prospective cohort
were used to study factors and adverse perinatal outcomes of maternal near-miss respectively.
The data were also collected prospectively for a long period of time which helped us to obtain an
adequate sample size and unbiased estimate of the odds ratio. Additionally, a deeper way of
analysis (conditional logistic regression) was conducted for the second objective of the study.
Thus, all these approaches used in the current study can meaningfully contribute to the scientific
body of knowledge.
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1.5. Conceptual framework

Socio-economic and demographic factors

Distant factors
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Figure 1 Conceptual framework of maternal near-miss developed based on review of
literatures
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The above conceptual framework was developed following a thorough review of pertinent
literatures across the world. In the literature review, different characteristics were mentioned as
factors for maternal near-miss. The factors were classified in to distant and proximate in the
conceptual framework. Socio-economic and demographic characteristics were taken as distant
factors, while RH and obstetric characteristics, presence of pre-existing medical conditions, and
nutritional status of women were taken as proximate factors for the development of maternal
near-miss. The conceptual framework also shows the adverse perinatal outcomes to be associated
with the presence of maternal near-miss.
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2. Research Questions and Objectives

2.1. Research Questions

e What is the magnitude of maternal near-miss in public hospitals of Addis Ababa,
Ethiopia?

e What are the causes of maternal near-miss in public hospitals of Addis Ababa,
Ethiopia?

e What are the factors associated with maternal near-miss in selected public
hospitals of Addis Ababa, Ethiopia?

e What are the adverse perinatal outcomes associated with maternal near-miss in

selected public hospitals of Addis Ababa, Ethiopia?

2.2. Research Objectives

General objective
The aim of the study was to assess the incidence, causes, factors and adverse perinatal outcomes

of maternal near-miss in selected public hospitals of Addis Ababa, Ethiopia.

Specific objectives
1. To estimate the incidence and identify the causes of maternal near-miss in selected public

hospitals of Addis Ababa, Ethiopia (Paper ).

2. To identify the factors associated with maternal near-miss in selected public hospitals of
Addis Ababa, Ethiopia (Paper II).

3. To investigate the effect of maternal near-miss on adverse perinatal outcomes in selected
public hospitals of Addis Ababa, Ethiopia (Paper I11I).
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3. Methods

3.1. Study setting and period
The study was conducted in five selected public hospitals in Addis Ababa, Ethiopia from May 1,
2015 to April 30, 2016. The hospitals were selected based on the number of deliveries they
managed per year. Because most critical maternal cases are referred to a hospital known to
provide better care, the presence of an Intensive Care Unit (ICU), maternity ward, blood
transfusion service and facilities for caesarean section (CS) were also considered in the selection
of hospitals. Hence, Tikur Anbessa, St. Paul’s Hospital Millennium Medical College, Zewditu
Memorial, Yekatit 12, and Gandhi Memorial Hospitals were selected for the current study. Tikur
Anbessa Hospital is the largest referral and teaching hospital in Ethiopia and is operated under
the Ministry of Education of Ethiopia. St. Paul’s Hospital Millennium Medical College is the
largest referral and teaching hospital among those operated under the Federal Ministry of Health.
However, the Gandhi Memorial, Yekatit 12 and Zewditu Memorial Hospitals were among the
six governmental referral and teaching hospitals that are managed under the Addis Ababa
Administrative Health Office. Together, the five hospitals had a total of 29,697 live birth
deliveries during the year when this study took place. Apart from Tikur Anbessa Hospital, which
received very critical cases from different parts of Ethiopia, the other hospitals are comparable in

terms of the patients they receive for care and treatment (Figure 2).
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Figure 2 Location map of the study area in Addis Ababa, Ethiopia

SPHMC (St. Paul’s Hospital Millennium Medical College), TAH (Tikur Anbessa Hospital),
Y12H (Yekatit 12 Hospital), ZMH (Zewditu Memorial Hospital) and GMH (Gandhi

Memorial Hospital)

3.2. Study design
A facility-based cross-sectional study design was used to address the first objective of the study.
A nested case-control study design, matched for age and study setting was employed to address
the second objective. The third objective of the study was addressed using a prospective cohort

study design. Participants were followed from admission till discharge.

3.3. Identification of cases and main exposure measure
All women admitted to the participating hospitals during the study period for the treatment of

pregnancy-related complications (such as ectopic pregnancy or abortion), having delivered, or
within 42 days of termination of pregnancy, and who fulfilled at least one of the conditions
stated in the WHO criteria (Annex 1) (1) were included as cases for objectives | and Il. Cases

were determined based on the WHO criteria after admission. Women who developed maternal
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near-miss complications during the third trimester of pregnancy according to the WHO criteria
were included as exposed group for the third objective. Depending on when the near-miss
occurred, maternal near-miss cases were further categorized into two groups. Women who were
assessed as being in critical condition on arrival to a hospital were classified as near-miss before
arrival. However, if the near-miss occurred during hospitalization, it was classified as near-miss

after arrival.

Exclusion criteria

Any women with maternal near-miss admitted to the participating hospitals for reasons of
abortion or ectopic pregnancy were excluded to address the third objective, as those may not
result in viable fetus to assess perinatal outcomes. In addition, those women with maternal near-
miss who delivered at another facility (outside the included hospitals) and come to the
participating hospitals for further follow-up were also excluded from the third objective, as it

was difficult to know the perinatal outcomes.

3.4. Selection of controls and non-exposed group
Women who came to the same hospital where the cases happened and having a similar age

interval category with that of the cases and delivered without any complications were enrolled as
controls for objective Il. For each near-miss case that happened in the hospital, three controls
that occurred within the same day of the near-miss event were included. Women who come to
the same hospital where the exposed group happened and delivered without any complications

were enrolled as non-exposed group for the third objective.

3.5.  Outcome measure
The outcome of interest for the second objective was maternal near-miss. However, the primary

outcome of interest for the third objective was adverse perinatal outcomes, and was categorized
as presence or absence of it. Adverse perinatal outcomes were defined with a composite measure
based on the presence of either or more of the following: stillbirth, low birth weight, preterm

birth, admission to neonatal ICU and first minute birth asphyxia.

3.6. Potential confounders
The following variables were taken as potential confounders and independent variables during

analysis of the second and third objectives: (1) socio-economic and demographic characteristics

of the women such as age, educational level, marital status, monthly income, (2) reproductive
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health and obstetric history of the women, such as ANC status, number of children, history of
stillbirth, early marriage, (3) pre-existing medical conditions such as previous chronic
hypertensions, previous anemia and history of cardiac problems.

3.7. Sample size determination
The sample size for the first objective was determined by a single population proportion formula

by assuming the prevalence of maternal near-miss in Ethiopia to be 9.1% (23). Considering a 1%
margin of error, a 95% confidence interval (Cl) and a 10% non-response rate, a minimum of
3496 live births were required to address this objective. However, during the year of the study, a
larger number of live births than the number required was obtained in the five hospitals (29,697
live births), and we included the entire period of one year to increase the precision of the study,
and to have a better estimate of the incidence per year. The sample size for the second objective
was estimated using Epi Info 7 software using sample size determination for unmatched case-
control studies. The parameters that were used to estimate the sample size were: confidence level
of 95%, power of 80%, case-control ratio of 1:3, expected frequency of exposure in control to be
4.11%, and percent exposure among cases, 10.78%. It was estimated from one study in Ethiopia
taking no ANC follow-up as one of the main exposure variables for maternal near-miss that
provide the maximum sample size (26). Accordingly, that yields a minimum sample size of 166
cases and 497 controls. Adding a 10% non-response rate, the final sample size required for
objective 1l was 183 cases and 547 controls. To increase the power of the study, all cases
observed during one year period (collected for objective 1), along with the corresponding three
controls were included in the study. Summary of sample size calculation for each exposure

variable considered for the second objective has been shown in Table 1 below.
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Table 1 Summery of sample size calculation for main exposure variables associated with
maternal near-miss in one study in Ethiopia (For objective I1)

Main Prevalence Prevalence Case Contr

exDOSUTe of Odds | of to Power Confidenc | Cases ols Total
R Exposure | ratio [exposure e interval | required | requi |sampl

variable | . . | control | (%) o d .

taken in  cases | (OR) [ in controls ratio (CD) (%) (n) re e size

(%) (%) (n)

Rural )

residence 39.43 4.57 12.46 1:3 80 95 30 88 118

Parity

(>3 18.31 3.19 6.55 1:3 80 95 85 255 340

delivery)

Preterm | 17 328 |62 1:3 80 95 85 254 | 339

delivery

No ANC

follow- 10.78 2.82 4.11 1:3 80 95 166 497 663

up

The sample size for the third objective was estimated using Epi Info 7 software using sample size

determination for cohort studies. The parameters that were used to estimate the sample size were:

confidence level of 95%, power of 80%, exposed to non-exposed ratio of 1:3, expected

prevalence of outcome in non-exposed group, 6%, and prevalence of outcome in exposed group

to be 22.2%. It was estimated based on one study in Nigeria by taking prevalence of birth

asphyxia among exposed and non-exposed women to maternal near-miss (20). Adding a 10%

loss rate, the final sample size required for that objective were 55 exposed and 165 non-exposed

women; a total of 220 women. The summery of the assumptions used for calculating the sample

size for the third objective has been presented in Table 2 below.
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Table 2 Summery of sample size calculation for objective 111

Prevalence Prevalence | Relative
, of E1atIVe | Exposed Non-

(I;ﬁ?::r(;me outcome gfjtcome risk tonon- | Power | Cl | Exposed rEeXpuoi?ee% ;I;or;alle
taken in non- in exposed (RR) exposed | (%) (%) | required (n;J sizep

exposed P ratio (n)

group (%)

group (%)
Still 48 28.4 592 |13 80 |95 |81 27 108
birth
Low
birth 13.5 44 .4 3.29 1:3 80 95 |72 24 96
weight
Birth ' 1 22.2 37 1:3 80 |95 |50 150 200
asphyxia

3.8. Data collection

Women who experienced a maternal near-miss event during pregnancy, delivery or the
postpartum period were identified prospectively by well-trained midwives and nurses in each
hospital. Data relating to the most important variables were abstracted from the medical record
of the participants using the WHO data abstraction tool, with some modifications (1). Women
with a maternal near-miss condition and those without any complications during delivery were
also interviewed using structured, pre-tested questionnaire. The questionnaires were prepared
following a thorough review of literatures. Data on the total number of live births occurring over
one year for each hospital were extracted from the Health Management Information System
(HMIS) report of each hospital. The data were collected from the Delivery Ward, Obstetrics and
Gynecology Ward, ICU, and Emergency Gynecology Outpatient Department of each hospital.
For each maternal near-miss case, only one underlying cause was identified as per the WHO
International Statistical Classification of Diseases and Related Health Problems (ICD-10).
According to the ICD-10, the underlying cause is the disease or injury which initiated the
sequence of events leading directly to death (70). Because the same classification is used for both
maternal death and maternal near-miss (71), the classifications used for maternal near-miss were
the same as those listed in the 1CD-10 for maternal mortality (72). However, all possible
contributing causes were considered. Information regarding whether the near-miss was present
before arrival or developed during hospitalization was also collected in order to determine the

place where the near-miss occurred.
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3.9. Data analysis
The data for the first objective were entered using Epi Info 7 software and analyzed using SPSS

version 22 and Open Epi computer software. The total incidence of maternal near-miss in the
hospitals included in this study was calculated using the maternal near-miss incidence ratio
(MNMIR) formula. This was calculated by dividing the number of maternal near-miss cases
during one year by the total number of live births during the same year. The incidence ratio in
each hospital was also calculated with a 95% CI. In addition, hospital access indicators, such as
the number of women with a maternal near-miss condition before arrival at the hospital, were
calculated. Intra-hospital care indicators, such as the number of women with near-miss who
developed conditions in the hospital were also calculated. In order to determine the underlying
and contributory causes of maternal near-miss, a descriptive frequency for each cause was
calculated. The total number and frequency of each cause for all hospitals involved were
calculated separately. The causes were categorized into underlying and contributory as per the
WHO recommendation (1). A descriptive frequency of the type of organ dysfunction present in

maternal near-miss cases was also calculated.

The second objective was analyzed using StataSE version 13.0. The outcome variable of this
objective was maternal near-miss. The independent variables which were identified from
literatures included: (i) socio-economic and demographic characteristics (educational level, place
of residence, ethnicity, religion, marital status, maternal occupation), (ii) reproductive health and
obstetric history of the women (antenatal care booking, parity, history of caesarian section
delivery, multiple pregnancies, history of abortion, history of stillbirth, early marriage, female
genital cutting) and (iii) pre-existing medical conditions (previous hypertension, previous
anemia, human immunodeficiency virus (HIV), history of cardiac problems, history of diabetes
mellitus (DM)).

Bivariate logistic regression was performed to examine whether there is a significant
association between each individual independent variable and maternal near-miss. For each
individual variable, the P-value, and unadjusted odds ratio (OR) with its 95% confidence

interval, and the number and proportion of each variable of case and control were calculated.

Multivariable conditional logistic regression model was used to examine the independent effect

of the factors on the occurrence of maternal near-miss. The variables that were mentioned as
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factors of maternal near-miss in our literature review were classified as either distant or
proximate factors. Socio-economic and demographic variables were taken as distant factors.
Whereas, the rest such as, reproductive health and obstetric history of the women, and pre-
existing medical conditions were considered as proximate factors. Since distant factors are
conceptually related with the proximate factors for the occurrence of maternal near-miss,
hierarchical model for the analysis is recommended (73). Based on this hierarchical order, we
have developed two models. All socio-economic and demographic variables with p < 0.2 in the
bivariate logistic regression analysis were fitted with model 1. Those variables that were
significant in model 1 (p < 0.05) were fitted with model 2. Model 2 contained those significant
variables from model 1 and proximate variables. For each model and variables their adjusted OR,
its 95% CI and P-value were calculated.

The model fitness was estimated using stata’s fitstat command. Good fit was indicated by a
significance value less than 0.05. Both models which were used to determine the factors
associated with maternal near-miss were shown to be significant (p < 0.001) which shows the

models were best fit.

To see whether there is a statistically significant difference between exposed and non-exposed
women with regard to selected categorical variables, chi-square tests were performed.
Continuous variables were summarized using the median, and Mann-Whitney U test was used
for comparison between groups. The statistical significance was set at p < 0.05. In order to know
the crude association between maternal near-miss and adverse perinatal outcomes, crude odds
ratio (COR) of adverse perinatal outcomes with 95% confidence interval (CI) were calculated
among exposed and non-exposed women. In addition, P-value and crude odds ratio with 95% CI
were calculated for each potential confounding variable to evaluate the crude association
between potential risk factors and adverse perinatal outcomes. The number and proportion of the
outcome variable with regard to exposure status were also calculated. Those variables with p <

0.2 from the bivariate analysis were considered for multivariable binary logistic regression.
Multivariable binary logistic regression analysis was performed to see the effect of maternal

near-miss on adverse perinatal outcomes while controlling for potential confounders. Adjusted

odds ratio (AOR) with 95% CI was calculated for each independent variable to see the adjusted
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association between exposure variables and adverse perinatal outcomes. Since all women were

followed for about the same time period, time to event was not considered during the analysis.

Model fitness for the third objective was assessed using Hosmer—Lemeshow goodness-of-fit
tests. Poor fit was indicated by a significance value less than 0.05. Because the significance value
of the calculated model in the current analysis was greater than 0.05, there was insufficient

evidence of poor model fit.

For all the three objectives, data were cleaned before analysis. For objective Il and I1I, we
calculated the variance inflation factors (VIF) for each exposure variable to check for the
presence of multicollinearity among exposure variables. Possible multicollinearity was suggested
if the largest VIF is greater than 10. As all the calculated VIF of each exposure variable in both

objectives were less than 10, no possible multicollinearity was observed.

3.10. Data processing and management

The supervisors at all participating hospitals were responsible for checking the completeness of
the collected information. The enumerators filled in the date and signed each questionnaire,
which was later checked, edited and signed by the supervisors regularly at each hospital. The
data that were collected using hard copies were kept in a locked cabinet by each supervisor until

gathered by the principal investigator during supervision.

3.11. Data quality assurance

In order to maintain the quality of data, intensive training was given to data collectors and
supervisors. All health care workers working in the maternity wards of each participating
hospital were also sensitized to the issue so that they would inform the enumerators when they
suspected a near-miss case. In addition, inclusion criteria for maternal near-miss were printed
and posted on the wall of each ward at all participating hospitals. The data collectors made a
daily visit to the Delivery Ward, Obstetrics and Gynecology Ward, ICU, and Emergency
Gynecology Outpatient Department to check for potential cases. The data collectors were given
training to standardize methods and ensure consistency of data collection. One hospital
supervisor, who was responsible for the overall quality of the data, was appointed at each

participating hospital. There were frequent supervisions of the included hospitals by the principal
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investigator. The questionnaires were first pre-tested in the participating hospitals to verify the
appropriateness of the tool. The standardized WHO criteria (1) were used to identify maternal
near-miss cases so that there were minimum bias related to measurements. Additionally, we have

explicitly defined controls and exposures.

3.12. Operational definitions and measurements

We defined some of the important variables for the three objectives. Maternal near-miss was
ascertained using the World Health Organization criteria (1). Educational level was categorized
into illiterate (no formal education), primary (grade 1-8), secondary (grade 9-12), and higher
education (>12). Antenatal care visit was considered to be present if a woman reported to have
ANC during current pregnancy. Monthly income was categorized into the lowest 25 percentile
(below 68 USD), between 25 and 75 percentile (68-181 USD), and above 75 percentile (greater
than 181 USD). Marriage before age of 18 was considered as early (based on jurisdiction). Pre-
existing medical conditions such as chronic hypertension, anemia, HIV, maternal cardiac
diseases and DM were considered as present if the women reported their presence before the
current pregnancy. Stillbirth was defined as a newborn with no signs of life at or after 28
completed weeks of pregnancy. Low birth weight was defined as a newborn weight below 2500
gram. Preterm birth is a baby born alive before 37 completed weeks of gestation, but after 28
weeks of gestation. Gestational age was determined on the basis of last menstrual period and
ultrasound measures were taken when prediction by last menstrual period was not possible. In
order to grade the severity of perinatal asphyxia in newborn, Apgar score was used. The score

below 7 at the first minute of life were considered as having first minute birth asphyxia.

3.13. Ethical considerations

Acceptable ethical standards were strictly adhered to throughout the study process. The study
was first approved by the Institutional Review Board of the College of Health Sciences, Addis
Ababa University (Protocol number: 058/14/SPH, Date: January 2015). It was also approved by
the Ethical Review Committee of each hospital. Adequate explanation about the purpose of the
study and a letter of support were given to all concerned bodies. In order to abstract pertinent
information from the participant’s record, permission was obtained from the participants and
administrators of each hospital. For studies that are not clinical trials that involve invasive

procedures, taking verbal consent is the standard requirement of the Institutional Review Board
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of Addis Ababa University. Hence, the participants gave verbal consent to be enrolled in the
study after they received an adequate explanation of the study aim, benefits and potential harm.
Privacy of the participants was maintained throughout the interview process. The anonymity of
the participants was respected via the use of codes rather than the name of the participant. The
names of the participants were not reported in the findings of the study to ensure confidentiality.
The participants received an assurance that participation was voluntary and were informed as if
they have full right of withdrawal from the study without affecting the care they were permitted

to.
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3.14. Summary table of study objectives and methods

The summery of the methods used in the dissertation is shown in Table 3 below.

Table 3 Summery of methods used in the dissertation

Objective | Design Subjects Sample size Data collection | Analysis
To estimate Women
the admltted for
incidence delivery or 238 MNM* Review medical
treatment of .
and Cross- reqnancy- cases and record of the Descriptive
identify the | sectional preg y 29,697 live participants, statistics
causes of relateq . births HMIS** report
maternal complications,
Near-miss May 1, 2015 to
April 30, 2016
Chi-square tests,
multivariable
Interview of conditional
To identify MNM cases cases and logistic
the factors | Matched and control 216 maternal : regressions,
. . controls using ,
associated | nested women who near-miss Stata’s fitstat
) . structured
with case- delivered cases and 648 ) . command- to
. questionnaire,
maternal control without controls i . assess model
: . review medical )
near-miss complications fitness,
records
checked
multicollinearity
using VIF***
Chi-square tests,
. 207 women Review Mann-Whitney U
To Women with . . test, multivariable
. . . with maternal | appropriate D
investigate and without . ) logistic
near-miss medical records, .
the effect maternal near- . ) regression, model
. . (exposed interview of )
of maternal | Prospective | miss along fitness assessed
; . . women) and exposed and .
near-miss | cohort with their using Hosmer—
. 621 non-exposed
on adverse singleton . ) Lemeshow
. corresponding | women using .
perinatal newborn goodness-of-fit
. non-exposed | structured
outcomes babies tests,

women

questionnaires

multicollinearity
checked by VIF

*MNM represents maternal near-miss cases

** HMIS represents Health Management Information System

*** VIF represents variance inflation factor
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4. Results

4.1. Incidence and causes of maternal near-miss
Incidence of maternal near-miss
During the one-year period, a total of 238 maternal near-miss cases and 29,697 live births were
reported in all hospitals included in the study, which produced a total maternal near-miss
incidence ratio of 8.01 per 1000 live births (95% CI; 7.06 — 9.09).

The highest proportion of cases was reported from Tikur Anbessa hospital (30.7%), followed
by St. Paul Millennium Medical College (23.1%), and the lowest proportion was observed at
Zewditu Memorial Hospital (Table 4).

Table 1 Incidence of maternal near-miss in five selected public hospitals of Addis Ababa,
Ethiopia, May 1, 2015 to April 30, 2016

Name of Hospital Near-miss Percentage | Total live *MNMIR per 1000

cases (n) (%) births in one | live births (95%
year Cl)

Tikur Anbessa 73 30.7 4632 15.8 (12.6 — 19.8)

St. Paul Millennium | 55 23.1 9079 6.06 (4.66 — 7.88)

Medical College

Gandhi Memorial 39 16.4 7091 5.49 (4.02 - 7.51)

Zewditu Memorial 20 8.4 4610 4.34 (2.81 — 6.69)

Yekatit 12 51 21.4 4285 11.9 (9.06 —15.61)

Total 238 100 29,697 8.01 (7.06 —9.09)

*MNMIR represents maternal near-miss incidence ratio.

Characteristics of women with maternal near-miss

The majority (88.2%) of maternal near-miss cases were referred from other health facilities and

an ambulance was used by most of the mothers as a means of transport to the study hospitals. A

30



significant number (68.5%) of maternal near-misses occurred before arrival at the participating
hospitals (Table 5).

Table 2 Characteristics of women with maternal near-miss in five selected public hospitals
of Addis Ababa, Ethiopia, May 1, 2015 to April 30, 2016 (n=238)

Variable Number | percent

Admission mode
Self-referred 28 11.8
Referred from other facility 210 88.2

Means of transport used

Ambulance 181 76.1
Public transport 38 16
Personal vehicle 15 6.3
Others 4 1.7

When did the near-miss occur?
Before arrival 163 68.5

During hospitalization 75 315

Organ dysfunction in maternal near-miss cases

The number of major organ dysfunctions seen in the majority of maternal near-miss cases were
Coagulation/Hematological at 114 (47.9%), followed by Neurologic at 97 (40.8%), and
Cardiovascular at 96 (40.3%). Hepatic dysfunction was the least-reported organ dysfunction in
audited maternal near-miss cases. Around 95 (39.9%) of the cases manifested multiple organ
failure (Fig 3).
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Figure 3 Organ dysfunctions in maternal near-miss cases in five selected public hospitals of
Addis Ababa, Ethiopia, May 2015 to April 30, 2016

Underlying and contributory causes of maternal near-miss

The underlying cause for the majority of maternal near-miss cases was hypertensive disorder
(53%), followed by obstetric hemorrhage (38%), pregnancy with abortive outcome (4%), and
pregnancy-related infections (1%) (Fig 4).

4% 1% 3% 1%

m Hypertensive disorder
® Obstetric hemorrhage
® Pregnancy with abortive

outcome
® Pregnancy related infections

m Others

Figure 4 Underlying causes of maternal near-miss in five selected public hospitals, Addis
Ababa, Ethiopia Mayl1, 2015 to April 30, 2016 (n=238)
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The major contributing causes of maternal near-miss reported were anemia (40%) followed by
prolonged/obstructed labor (9%). Around 37% of maternal near-miss cases did not show any

form of contributing causes (Fig 5).

3% 2% 0%

4% ® Anemia
® No contributory cause
= Prolonged/obstructed labour
® Previous CS
mHIV
= Malaria
B
Others

Figure 5 Contributing causes of maternal near-miss in five selected public hospitals, Addis
Ababa, Ethiopia May1, 2015 to April 30, 2016 (n=238)

4.2. Risk factors for maternal near-miss
Characteristics of the study participants

Although a total of 238 maternal near-miss cases were reported in all participating hospitals
during a year period, we excluded 22 cases because of incomplete data for the nested case-
control study. Hence, the study included 216 maternal near-miss cases and 648 corresponding

controls.

Women with maternal near-miss tended to be illiterate (P < 0.001), never married (p = 0.011),
reside in rural area (p < 0.001), and had a less monthly income (p < 0.001) compared to controls
(Table 6).

Compared to the control groups, women with maternal near-miss case were more often did not
attend ANC, have greater than five children, have a history of stillbirth, and experienced an early

marriage, all statistically significant (p < 0.05). However, there were no statistically significant
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difference between cases and controls with regard to presence of previous caesarean section

delivery, history of abortion and undergoing a female genital cutting (FGC) (Table 6).

Cases and controls also differed significantly with regard to the presence of previous medical
conditions such as chronic hypertension, anemia, and cardiac problems. However, a significant
difference was not observed among the two groups with regard to the presence of HIV and DM
(Table 7).
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Table 3 Distribution of selected socio-demographic, economic, reproductive health and

obstetric characteristics of women with and without maternal near-miss in Addis Ababa,

Ethiopia, May 1, 2015 to April 30, 2016

Near-miss | Controls | COR (95% CI) P-value
(n=216) (n=648)
Characteristics n (%) n (%)
Educational level
Iliterate 61 (30.0) 75 (11.7) | 3.28 (1.85-5.84) <0.001
Primary 63 (31.0) 214 (33.4) |1.23(0.70-2.15) | 0.470
Secondary 57 (28.1 256 (39.9) | 0.91(0.52-1.57) | 0.724
Higher 22 (10.8) 96 (15) 1.00
Place of residence
Urban 159 (73.6) | 634 (97.8) | 1.00
Rural 57 (26.4) 14 (2.2) 13.0 (7.12-23.8) <0.001
Marital status
Married 200 (92.6) | 627 (96.8) |1.00
Never married 16 (7.4) 21 (3.2) 2.38 (1.22-4.65) | 0.011
Monthly income
> 68 USD 81 (37.5) 111 (17.1) |2.19(1.43-3.34) |[<0.001
68 - 181 USD 74 (34.3) 370 (57.1) |[0.54 (0.36-0.79) |0.002
>181 USD 61 (28.2) 167 (25.8) | 1.00
Received ANC
Yes 183 (84.7) | 638(98.5) | 1.00
No 33 (15.3) 10 (1.5) 10.8 (5.16-22.6) | <0.001
Number of children
0-2 171 (79.2) | 527 (81.3) |0.99 (0.63-1.56) 0.985
3-4 34 (15.7) 110 (17) 1.00
>5 11 (5.1) 11 (1.7) 3.53 (1.34-9.27) 0.010
Undergone FGC
Yes 135 (64.6) | 383 (59.6) | 0.89 (0.59-1.33) 0.225
No 74 (35.4) 260 (40.4) |1.00
History of stillbirth
Yes 21 (9.7) 21 (3.2) 3.45(1.79-6.68) | <0.001
No 195 (90.3) | 627 (96.8) | 1.00
Early marriage
Yes 43 (21.5) 90 (14.5) |1.97 (1.21-3.19) | 0.006
No 157 (78.5) | 532 (85.5) | 1.00

Bold data are those which are significant and their significance is indicated by the P-values expressed at the right

end of each ORs
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Table 4 Distribution of selected previous medical conditions of cases and controls in Addis

Ababa, Ethiopia, May 1, 2015 to April 30, 2016

Near-miss Controls COR (95% CI) p-value
(n=216) (n=848)
Characteristics n (%) n (%)
Previous hypertension
Yes 56 (25.9) 16 (2.5) 13.3 (7.16-24.9) <0.001
No 160 (74.1) 632 (97.5) | 1.00
Previous anemia
Yes 73 (33.8) 64 (9.9) 4.66 (3.12-6.95) <0.001
No 143 (66.2) 584 (90.1) | 1.00
History of  cardiac
problem
Yes 11 (5.1) 5(0.8) 6.6 (2.29-18.9) <0.001
No 205 (94.9) 643 (99.2) | 1.00

Bold data are those which are significant and their significance is indicated by the P-values expressed at the right
end of each ORs

Risk factors

In order to know the factors associated with maternal near-miss, two models were used in a
multivariable conditional logistic regression analysis. Model one contained five variables which
were significant in bivariate analysis (educational level, place of residence, ethnicity, marital
status and monthly income). However, the result of the first model showed that only place of

residence was found to be associated with maternal near-miss (Table 8).

The second model contained eleven variables, and five variables remained significant. The
factors associated with maternal near-miss in the second model were: history of chronic
hypertension (AOR=10.80,95% CI; 5.16 — 22.60), rural residence (AOR=10.60,95% CI; 4.59 —
24.46), history of stillbirth (AOR=6.03,95% CI; 2.09 — 17.41), no ANC attendance
(AOR=5.58,95% CI; 1.94 — 16.07) and history of anemia (AOR=5.26,95% CI; 2.89 — 9.57)
(Table 8). However, the study did not find that FGC was a determinant factor for maternal near-

miss.
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Table 5 Factors associated with maternal near-miss in model one and two, multivariable
conditional logistic regression analysis, Addis Ababa, Ethiopia, May 1, 2015 to April 30,

2016
Model 1 Model 2
AOR (95% CI) | p-value
AOR (95% CI) p-value
Characteristics
Place of residence
Rural 6.86 (3.42-13.76) | <0.001 10.60 (4.59-24.46) | < 0.001
Urban 1 1
Educational level
Iliterate 1.91 (0.95-3.83) | 0.068 - -
Primary 1.29 (0.68-2.45) 0.429 - -
Secondary 1.12 (0.62-2.04) | 0.699 - -
Higher 1 - -
Ethnicity - -
Amhara 1 - -
Oromo 1.32 (0.82-2.13) | 0.248 - -
Gurage 0.66 (0.37-1.21) |0.178 - -
Tigre 1.01 (0.41-2.47) | 0.975 - -
Silte 0.92 (0.36-2.36) | 0.867 - -
Other 0.86 (0.39-1.89) | 0.708 - -
Marital status - -
Married 1 - -
Never married 1.21 (0.54-2.72) | 0.642 - -
Monthly income - -
<68 USD 1.62 (0.95-2.77) | 0.075 - -
68 - 181 USD 0.65 (0.42-1.02) | 0.061 - -
> 181 USD 1 - -
Received ANC - -
Yes - - 1
No - - 5.58 (1.94- 16.07) | 0.001
Number of children - -
0-2 - - 2.16 (0.09-5.28) 0.09
3-4 - - 1
>5 - - 4.27 (0.65-27.98) | 0.13
History of stillbirth - -
Yes - - 6.03 (2.09- 17.41) 0.001
No - - 1
Early marriage - -
Yes - - 1.35 (0.66-2.76) 0.411

No

1
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Previous hypertension - -
Yes - - 10.80 (5.16-22.60) | <0.001
No - - 1

Previous anemia - -
Yes - - 5.26 (2.89-9.57) <0.001
No - - 1

History of cardiac )

problem -
Yes - - 3.17 (0.59-16.81) | 0.175
No - - 1

Bold data are those which are significant and their significance is indicated by the P-values expressed at the right
end of each ORs

4.3. Maternal near-miss and the risk of adverse perinatal outcomes
Characteristics of the study participants

A total of 828 women admitted for delivery or treatment of pregnancy-related complications
along with their singleton newborn babies were followed. Among those, 207 of them were
women with maternal near-miss (exposed women) and the rest 621 were non-exposed women

(uncomplicated delivery group).

Women exposed to maternal near-miss tended to be illiterate (p < 0.001), unmarried (p =
0.021), had less monthly income (p = 0.003) and more likely to reside in the rural area (p <
0.001) compared to non-exposed women. The two groups did not significantly differ in terms of
age (p = 0.673), religion (p = 0.676) and ethnicity (p = 0.054) (Table 9).

Compared to non-exposed women, majority of the exposed women were less likely to receive
ANC (p < 0.001) and more likely to have had greater than five children (p = 0.013), a history of
stillbirth (p < 0.001) and married early (p = 0.041). There were no statistically significant
difference among the two groups with regard to the FGC status of the women (p = 0.201) (Table
9).

Women with maternal near-miss were more likely to report a previous history of chronic

hypertension, anemia and cardiac problems (all p < 0.001) (Table 9).
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Table 6 Distribution of selected variables among women with near-miss and uncomplicated
delivery women in selected public hospitals, Addis Ababa, Ethiopia, May 1, 2015 to April

30, 2016

Near-miss group

Uncomplicated

delivery grou *P-value
(n=207) (n:GZB’ group
Characteristics n (%) n (%)
Educational level
Iliterate 57 (29.2) 75 (12.2) <0.001
Primary 62 (31.8) 201 (32.7) 0.323
Secondary 55 (28.2) 249 (40.5) 0.847
Higher 21 (10.8) 90(14.6)
Place of residence
Urban 153 (73.9) 608 (97.9)
Rural 54 (26.1) 13 (2.1) <0.001
Marital status
Married 192 (92.8) 600 (96.6)
Never married 15 (7.2) 21 (3.4) 0.021
Monthly income
> 68 USD 76 (36.7) 108 (17.4) 0.003
68 - 181 USD 73 (35.3) 358 (57.6) 0.002
>181 USD 58 (28.0) 155 (25.0)
Received ANC
Yes 177 (85.5) 611 (98.4)
No 30 (14.5) 10 (1.6) <0.001
Number of children
0-2 164 (79.2) 507 (81.6) 0.855
3-4 32 (15.5) 103 (16.6)
>5 11 (5.3) 11 (1.8) 0.013
Undergone FGC
Yes 129 (64.5) 366 (59.4) 0.201
No 71 (35.5) 250 (40.6)
History of stillbirth
Yes 20 (9.7) 20 (3.2) <0.001
No 187 (90.3) 601 (96.8)
Early marriage
Yes 41 (21.5) 90 (15.1) 0.041
No 150 (78.5) 506 (84.9)
Previous hypertension
Yes 54 (26.1) 16 (2.6) <0.001
No 153 (73.9) 605 (97.4)
Previous anemia
Yes 70 (33.8) 63 (10.1) <0.001

39




No 137 (66.2) 558 (89.9)
History of cardiac

problems
Yes 11 (5.3) 5(0.8) <0.001
No 196 (94.7) 616 (99.2)

*Chi-square test was used to obtain the p-value

Comparisons of adverse perinatal outcomes among exposed and non-exposed women

Table 10 is about comparison of the adverse perinatal outcomes among exposed and non-
exposed women. From a total of 828 cohort of women delivered in the participating hospitals,
36.6% (95% CI: 33.4% — 39.9%) of them ended up in a wide range of adverse perinatal
outcomes such as stillbirth, preterm birth, low birth weight infant, birth asphyxia and admission
to neonatal ICU. The prevalence of adverse perinatal outcomes was significantly higher among
women who were exposed to maternal-near miss compared to the non-exposed women, 72.9%
(95% CI: 66.5% — 78.5%) versus 24.5% ( 95% CI: 21.3% — 28%) respectively, p < 0.001).
Babies born from women with maternal near-miss were more likely to be stillbirth (p < 0.001),
preterm (p < 0.001), of lower birth weight (p < 0.001), admitted to neonatal ICU (p < 0.001) and
tended to have had a birth asphyxia in the first minute (p < 0.001) (Table 10).

A statistically significant difference in hospital stay was also observed between the two groups.
Women exposed to maternal near-miss were more likely to have a longer median hospital stay of

6 days compared to non-exposed women with a median hospital stay of 1 day (p < 0.001).
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Table 7 Prevalence of adverse perinatal outcomes among women with near-miss and
uncomplicated delivery women in selected public hospitals, Addis Ababa, Ethiopia, May 1,
2015 to April 30, 2016

Groups

Uncomplicated

) Near-miss *P-value | COR(95 % ClI)
delivery
(n=207)
(n=621)
Outcome
) No % No %
variables
Adverse
perinatal 152 24.5 151 72.9 <0.001 8.32 (5.82 - 11.89)
outcomes
Stillbirth 24 3.9 61 29.5 |<0.001 10.39 (6.27 — 17.23)
Preterm birth 48 7.7 84 40.6 |<0.001 8.15 (5.44 - 12.22)
Low Birth
) 50 8.1 82 39.6 |<0.001 7.49 (5.02 -11.19)
weight
Asphyxia at 1
) 73 11.8 119 57,5 |<0.001 10.15 (7.03 — 14.67)
min
Admitted to
52 8.4 61 29.5 |<0.001 4.57 (3.03-6.9)
**NICU

*Chi-square test was used to obtain the p-value

**NICU stands for Neonatal Intensive Care Unit
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Risk factors of adverse perinatal outcomes

After adjustment for potential confounders such as educational level, place of residence, monthly
income, ANC status, history of stillbirth, and  presence of previous chronic hypertension,
anemia, and cardiac problems in a multivariable logistic regression analysis, the association
between maternal near-miss and adverse perinatal outcomes remained significant. The odds of
developing adverse perinatal outcomes among women with maternal near-miss was more than
five times higher than among women with no maternal near-miss (AOR= 5.69: 95% ClI; 3.69 —
8.76) (Table 11).

Educational level, place of residence and prior stillbirth delivery also remained independently
associated with adverse perinatal outcomes in multivariable logistic regression analysis. The
effect of maternal near-miss on adverse perinatal outcome was exacerbated when the women had
a primary level of education (AOR=1.89: 95% CI; 1.07 — 3.34), reside in rural area,
(AOR=2.16:95% CI; 1.03 — 4.53) and had a history of stillbirth (AOR=2.39; 95% CI; 1.12 —
5.10) (Table 11).

Less monthly income (COR=1.89: 95% ClI; 1.26 — 2.82), not receiving ANC (COR=5.66: 95%
Cl; 2.73 — 11.75), previous history of anemia (COR=2.05: 95% CI; 1.41 — 2.98), prior chronic
hypertension (COR=3.49: 95% CI; 2.09 — 5.82) and history of cardiac problems (COR=2.95:
95% CI; 1.06 — 8.21) were positively associated with adverse perinatal outcomes in bivariate

analysis, but this association became statistically non-significant after adjustment (Table 11).
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Table 8 Maternal near-miss and odds of adverse perinatal outcomes in relation to other
confounding variables in selected public hospitals, Addis Ababa, Ethiopia, May 1, 2015 to

April 30, 2016

Adverse perinatal

outcomes

COR (95% Cl)

*AOR (95% CI)

Characteristics

Maternal near-miss

Yes 8.32 (5.82-11.89) 5.69 (3.69-8.76)
No 1 1
Educational level
Iliterate 3.11 (1.79-5.04) 1.56 (0.80-3.04)
Primary 2.03 (1.24-3.35) 1.89 (1.07-3.34)
Secondary 1.37 (0.83-2.26) 1.45 (0.83-2.52)
Higher 1 1
Place of residence
Rural 7.74 (4.21-14.21) 2.16 (1.03-4.53)
Urban 1 1
Monthly income
<68 USD 1.89 (1.26- 2.82) 1.21 (0.73-1.98)
68 to 181 USD 77 (.55- 1.09) 0.87 (0.58-1.32)
> 181 USD 1 1
Received ANC
Yes 1 1
No 5.66 (2.73- 11.75) | 1.86 (0.79-4.41)

History of stillbirth

Yes

3.43 (1.76- 6.67)

2.39 (1.12-5.10)

No

1

1

Previous hypertension

Yes

3.49 (2.09- 5.82)

1.24 (0.66-2.32)

No 1 1

Previous anemia
Yes 2.05 (1.41- 2.98) 0.98 (0.61-1.57)
No 1 1

Previous cardiac

problems
Yes 2.95 (1.06- 8.21) 1.29 (0.36-4.56)
No 1 1

* Single model was used to produce the AORs.
*Adjusted for the eight variables shown in the table

Bold data are those which are significant
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4.4. Summary of main findings of the dissertation

Table 12 below summarizes the major findings of the dissertation.

Table 9 Summary of the findings of the dissertation, Addis Ababa, Ethiopia, May 1, 2015 to
April 30, 2016

Objectives

Major findings

To estimate e During the one-year period, there were a total of 238 maternal near-miss cases

the and 29,697 live births in all participating hospitals, which provided a maternal

incidence near-miss incidence ratio of 8.01 per 1000 live births (95% CI; 7.06 — 9.09).

and e The underlying causes of the majority of maternal near-miss cases were

identify the hypertensive disorders (53%) and obstetric hemorrhage (38%).

causes of e Pregnancy-related infection was the least mentioned cause of maternal near-

maternal miss

near-miss e Anemia was the major contributing cause reported for maternal near-miss
(40%).

e Most of the maternal near-miss cases (68.5%) occurred before the women’s
arrival at the participating hospitals.

e Major organ dysfunctions seen were, Coagulation/Hematological at 47.9%
followed by Neurologic at 40.8%, and Hepatic dysfunction was the least
reported organ dysfunction.

To identify | The main factors associated with maternal near miss were:

the factors v’ History of chronic hypertension (AOR=10.79,95% Cl; 5.15-22.64),

associated v Rural residence (AOR=10.68,95% Cl;4.60-24.78),

with v’ History of stillbirth (AOR=6.06,95% Cl;2.09-17.49),

maternal v No antenatal care attendance (AOR=5.58,95% Cl;1.82-17.05) and

near-miss v’ History of anemia (AOR=5.16, 95% CI; 2.81-9.47).

To e The prevalence of adverse perinatal outcomes among women exposed to near-
investigate miss was 72.9% (95% CI: 66.5% — 78.5%) versus 24.5% (95% CI: 21.26% —
the effect 28.01%) in non-exposed, p < 0.001).

of maternal e Women exposed to maternal near-miss were more likely to have a longer
near-miss median hospital stay of 6 days compared to non-exposed women with a
on adverse median hospital stay of 1 day (p < 0.001).

perinatal e Women with maternal near-miss condition had more than five-fold increased
outcomes

risk of adverse perinatal outcomes compared to women without complicated
delivery (AOR=5.69: 95% ClI; 3.69-8.77).
Other risk factors that were independently associated with adverse perinatal
outcomes includes:
v Rural residence (AOR=2.16:95% CI; 1.03 — 4.53)
v" History of prior stillbirth (AOR=2.39; 95% ClI; 1.12 — 5.10)
v Primary educational level (AOR=1.89: 95% CI; 1.07 — 3.34)
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5. Discussions

5.1. Incidence and causes of maternal near-miss

Incidence of maternal near-miss

During the one-year period of the study, the incidence of maternal near-miss was 8.01 per 1000
live births in all participating hospitals. Previous studies in Ethiopia have documented a
prevalence rate of 101 per 1000 deliveries (26) and 90.79 per 1000 live births (23). Surprisingly,
our finding is considerably lower than that given in previous reports and the observed variation
could be a result of disparity in the case definitions used by the researchers, the study design
used, and the time at which the study was conducted. We used the newly developed WHO
criteria, which are very stringent and would identify only very critical cases. However, previous
studies used disease-based criteria, which were less stringent than the WHO criteria for
identifying maternal near-miss cases. Thus, had the previous studies employed the WHO criteria,
they might have ended up reporting more cases. Data quality issues and the limitations of the
secondary data obtained in previous studies might also be an alternative explanation for the
observed difference. Nevertheless, when we compare our findings with other studies that used
the newly developed WHO criteria, the incidence was lower than some other sub-Saharan
African countries such as Ghana and Tanzania (19, 21). However, our results are comparable
with studies conducted in Rwanda and Uganda, where they reported an incidence rate of 8 per
1000 live births and 8.42 per 1000 live births, respectively (43, 44).

The majority of maternal near-miss cases have already occurred on the women’s arrival at the
participating hospitals, a finding which is in line with studies from most developing countries.
For example, in Bolivia, Mozambique and Somaliland, 74%, 70.7% and 74.2% of the near-miss
cases, respectively, were in a critical state upon arrival at the health facilities, implying the need
to focus on existing pre-hospital barriers (39, 74, 75). However, near-miss cases that develop
during hospitalization can help to measure the quality of obstetric care provided within the health
facilities. In Iran, for example, sub-optimal obstetric care was found in 75% of the near-miss
cases (76). The occurrence of maternal near-miss after receiving sub-optimal care following

caesarian section has also been reported elsewhere (45). However, it should be noted that quality

45



of care is not the only possible explanation for near-miss events occurring during hospitalization.

Cases that occurred after admission could also be related to the severity of the cases.

Among the five participating hospitals, a higher incidence of maternal near-miss was observed
in Tikur Anbesa Hospital (15.76 per 1000 live births). Because that hospital is the major referral
hospital in Ethiopia, the possibility of obtaining severely critical cases from different parts of the

country and from Addis Ababa is higher.

Causes of maternal near-miss

The leading underlying cause of maternal near-miss in our study was hypertensive disorder
(eclampsia and pre-eclampsia), followed by obstetric hemorrhage. This finding is compatible
with most studies from high and middle-income countries (8, 9, 46, 77). The study finding was
also in line with studies conducted in other African countries (20, 21, 25). A previous study in
Ethiopia also reported hypertensive disorder as the primary cause and obstetric hemorrhage as
the second leading cause of maternal near-miss (23). High percentages of hypertensive disorder
and obstetric hemorrhage might be indicative of some form of delay in managing obstetric

complications by the facility staff.

Pregnancy-related infection was the least mentioned cause of maternal near-miss in our study
and was also reported to be the least likely cause in most of the studies completed in developed
countries. The rate was also much lower as compared to some of the other African countries that
had been studied (20-22, 25). The lower percentage of infection as a cause of maternal near-miss
could be explained by the presence of early management of the cases with appropriate antibiotics

at each health facility.

Anemia was the major contributory cause of maternal near-miss in our study. This finding is
also comparable with studies from some middle-income countries such as lIrag, India, and
Pakistan (28, 48, 50). This finding was also in line with the studies from some African countries
such as Ghana (19). The presence of anemia in women can be attributed to nutritional and iron
deficiency during pregnancy. It could also result from the presence of previous malaria. Hence,
there is a need to deeply assess the causes of anemia in women with a maternal near-miss case to

determine the most appropriate action.
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5.2. Factors associated with maternal near-miss

History of chronic hypertension, rural residence, history of stillbirth, no antenatal care attendance

and history of anemia were found to be correlated with the occurrence of maternal near-miss.

Among all characteristics, presence of previous chronic hypertension showed the strongest risk
factor for the development of maternal near-miss. Women with chronic hypertension are at
increased risk for several pregnancy complications which includes: pre-eclampsia, placental
abruption, intrauterine growth retardation, CS delivery and preterm delivery (78). The finding
was consistent with other studies. A study done at Nigeria reported a seven-fold increased risk of
maternal near-miss in women with presence of previous chronic hypertension (20). The
observation was also similar to other studies in which the risk of maternal near-miss was higher
among women with pre-existing hypertension (41, 61). This indicates that women having a
previous chronic hypertension need to be closely monitored and managed during ANC and
delivery services in order to avoid the occurrence of severe maternal complications. The
information is also important for policy makers to improve access to medical care for pregnant

women.

Another strong risk factor for maternal near-miss reported in the current study was place of
residence. Accordingly, those women who reside in the rural area have higher odds of
developing maternal near-miss. A similar finding was also reported in another study in Ethiopia
(26). Studies from Bolivia and Brazil also documented a similar finding (24, 63). Women from
rural area might walk longer to access health services. Particularly when maternal complications
occurred, her chance of getting appropriate health care on time might be minimized which in turn
increase her chance of morbidity. The important implications of this finding is that policy makers
need to improve access to maternal health care services to rural part of the country to avoid the
occurrence of maternal complications among pregnant women. It will also allow policy makers
to improve infrastructure to aid for a quick referral chain from primary level to secondary and

tertiary health care level.

Additionally, we found that presence of previous stillbirth in women was an important risk
factor for maternal near-miss. After a stillbirth infant, women may experience different
psychological as well as relational problems which might in turn increase the risk of maternal

complications in subsequent pregnancies. The link between maternal chronic hypertension and
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stillbirth may also be an alternative explanation (78). Hence, women who had a stillbirth might
have a history of chronic hypertension, and thereby increase the odds of maternal near-miss.
Todd et al. in their study on correlates of severe acute maternal morbidity in Kabul also
demonstrated that prior stillbirth is a risk factor for maternal near-miss (79). Practical
contribution of this finding is that it will allow health care providers to carefully plan and

manage women with prior stillbirth to avoid the occurrences of critical maternal morbidity.

The study also showed that the odds of maternal near-miss was higher among those women
who failed to attend ANC. Different evidences showed that ANC is effective to identify pre-
existing factors that could increase the risk of complications during pregnancy or delivery (80,
81). Protective effect of ANC attendance for maternal near-miss event was also noted in other
study too (20). No ANC attendance could also be associated with some of the identified risk
factors of maternal near-miss in the current study, such as history of stillbirth and rural residence.
However, we have checked the interaction among these variables and no interaction was noted.
The massage of this finding highlight that, proper ANC provision to pregnant women can

prevent the occurrence of maternal near-miss.

It was also observed that women with a history of anemia have higher odds of maternal near-
miss than those without a prior history of anemia. Untreated anemia can lead to post-partum
hemorrhage and hypovolemic shock and is a common cause of adverse maternal outcomes (82).
The higher risk of maternal near-miss for women with a prior history of anemia has also been
identified in previous studies (19, 28). This signifies that improvement in detection and treatment
of prior anemia for pregnant women can avert presence of subsequent maternal complications.
This risk factor might be modified via appropriate medical and antenatal care for pregnant
women. Education of women on importance of nutrition during pregnancy and Iron
supplementation for pregnant women during pregnancy might also modify the impact of this risk

factor.

Our study did not find that female genital cutting (FGC) was a determinant factor for maternal
near-miss events. However, in a WHO multi-center study of female genital cutting, adverse
obstetric outcomes were more frequent among cut than uncut women (83). The possible reason
for not getting a significant result in our study might be the fact that the study being
underpowered for this specific factor. The number of women with FGC was also too small to

detect any difference.
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5.3.  Adverse perinatal outcomes of maternal near-miss

The study showed that the presence of maternal near-miss in women is a risk factor for adverse
perinatal outcomes independent of educational level, place of residence, monthly income, ANC
follow-up, history of stillbirth, and presence of previous hypertension, anemia and cardiac
problems. The observations are consistent with previous studies. Higher risk of adverse perinatal
outcomes such as stillbirth, low birth weight, preterm birth, admission to neonatal 1CU, birth
asphyxia and early neonatal mortality were observed among maternal near-miss women in
studies conducted at Nigeria, Brazil and other 8 Latin American countries (20, 32, 33). The
Nigeria study used case-control design and higher risk of poor perinatal outcomes such as
stillbirth and low birth weight infant were reported among women with maternal near-miss case
compared to the control group (20). Unlike the present study, information on potential
confounders has been obtained from the medical record in other studies (32, 33). Hence, the
previous studies might be subjected to information bias due to incompleteness and poor quality
of secondary data at the health facility. A woman under maternal near-miss condition could
develop severe conditions which includes eclampsia, anemia, ante-partum hemorrhage and
placenta praevia among others. These severe conditions can affect the fetus, for example, via
placental insufficiency leading to intrauterine growth restriction (IUGR). Preeclampsia, for
instance, is associated with IJUGR and prematurity (84). IUGR is associated with distress and
asphyxia and is the second cause of perinatal deaths (85, 86). Studies also documented that
preterm babies are immature and more likely to be stillbirth, smaller, require an ICU and is a
major cause of neonatal mortality (87, 88). Reduction in adverse perinatal outcomes among
women might be achieved through provision of proper prenatal care for pregnant women to early
diagnose placental insufficiency. The information is also important for health care providers to
conduct different tests that detect placental insufficiency. It also highlights the importance of
treating the underlying maternal conditions such as high blood pressure and anemia. It further
signifies the importance of health education for pregnant women on various issues such as

frequent visit and bed rest.

The study also documented that women in rural locations were more likely to experience
adverse perinatal outcomes regardless of the near-miss status of the women. In agreement with
other studies, the current study found that higher risk of adverse perinatal outcomes were

observed among women residing in rural than urban areas (89, 90). Although the data we have
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does not permit for a conclusion, one possible explanation for this finding might be the
relationship between access to obstetric care and adverse perinatal outcomes. Studies shown that
women residing in rural area with no access to obstetric care had to travel longer to get routine
antenatal care, a barrier associated with adverse perinatal outcomes (91, 92). For instance,
various studies reported that higher number of low birth weight babies were seen in women who
had irregular ANC visits compared to women who had regular ANC checkups (93, 94). Lack of
proper ANC might lead to undernourishment and less care during pregnancy which could have
impact both for the mother and her baby. Rural women are also relatively disadvantaged in terms of
their socio-economic status which could possibly increase their risk of adverse perinatal
outcomes. For example, rural women tend to have a lower educational level and higher rate of

poverty compared to urban women (95).

In this study, women who had prior stillbirth in preceding births were at higher risk of having
adverse perinatal outcomes than women without a history of stillbirth. Available evidence
suggests that women with stillbirth in their prior pregnancies were at higher risk of adverse
perinatal outcomes in subsequent pregnancies (96-101).

Another independent risk factor for adverse perinatal outcomes was level of education.
Women who had a primary level of education had a higher risk of having adverse perinatal
outcomes than those with a higher level of education. Education enhances the health care seeking
behavior of the women so that she can effectively utilize maternal health care services when
complications happened (102). Education is also considered as a determinant of health (103). A
growing body of literature has revealed that lower levels of maternal education were associated

with an increased risk of variety of adverse perinatal outcomes (90, 99, 104-106).
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6. Validity and Generalizability

To enhance the internal validity of the current study, we have tried to minimize the role of
chance, bias and confounding which could be alternative explanations for the observed

association between exposure and an outcome.

Chance may always affect the results observed simply because of random variation from
sample to sample. Sample size is one of the major determinants of chance. Hence, the role of
chance can be minimized by increasing the sample size. A much larger number of sample sizes
than was required were included in the analysis of all the three objectives. Including more than
the minimum sample size required has increased the power of the study. In order to see the effect
of chance, we also determined the 95% CI as a measure of association between exposure and
outcome variables. The confidence interval for most of the variables used in the current study
was not wide enough suggesting adequacy of the sample size. Although there is a considerable
variation in severity among the perinatal outcomes investigated in our study, we opt to merge
these outcomes. This is due to the fact that the sample size was not sufficient to separately
investigate the outcomes, thus merging increased the sample size and minimized the role of

chance.

The relationship between exposure and outcome may also be impacted by the role of bias.
Thus, potential sources of biases were also addressed in all of the three objectives. For instance,
to minimize recall bias, we have taken incident rather than prevalent cases. In addition, cases and
controls were interviewed when they became healthy near to their discharge time. The use of
incident cases was also important to establish temporal sequence between exposure and outcome.
To minimize bias related to measurements, the standardized WHO criteria were used to identify
maternal near-miss cases. Controls and exposures were also explicitly defined in the method part
of this dissertation. Furthermore, adequate training was given to data collectors to obtain data in
the same fashion. There was also strict supervision by the principal investigator. Additionally,
the questionnaires were pre-tested in the participating hospitals to verify the appropriateness of
the tool. Local Amharic language was used during the interview process so that there were easy
understanding between the data collectors and the participants. In order to avoid selection bias,
matched analysis was done for the matched nested cases-control study (objective II). For

objective 111, there were no differential losses to follow-up both in exposed and non-exposed
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groups. Thus, selection bias was not problematic for this objective. Furthermore, three controls

were taken for each case which can minimize the chance for bias.

The role of confounding was also addressed both at the design and analysis stage. Logistic
regression is one method for controlling confounding at the analysis stage. Another method of
controlling the confound effect is to match on some of the confounders. In the current study, a lot
of confounding variables were collected and a multivariable binary logistic regression analysis
was used to control the effect of the confounder during analysis. In order to eliminate or control
for the confounding effect at the design stage, matching was employed on some of the selected
potential confounders such as age and study area.

Concerning generalization, the maternal near-miss women happened in the hospitals of the
current study can represent women in the population. This is because most critical maternal cases
are referred to referral hospitals to receive a better care. However, normal delivered women taken
from the participating hospitals cannot represent women in the population, as majority women in
Ethiopia deliver at home (not in a referral hospital) (107). The results of the current study can be
generalized to public hospitals in Addis Ababa, beyond those hospitals included in the current

study.
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7. Strengths and limitations of the study
7.1. Strengths of the study

To our knowledge, this study is the first of its kind in Ethiopia to document the incidence,
causes, factors and adverse perinatal outcomes of maternal near-miss using the newly developed
WHO case identification criteria. Prospective identification of cases and controls were used for a
consecutive period of one year. ldentifying the participants prospectively enabled to avoid
missing important confounding variables, which is a drawback of most previous country-level
retrospective studies. The use of stronger research designs in the current study such as nested
case-control and prospective cohort approaches had also the advantage of ascertaining cause-
effect relationships than the cross-sectional studies. We also studied a variety of perinatal
outcomes such as stillbirth, preterm birth, birth weight, birth asphyxia and admission to neonatal
ICU. Additionally, we collected information on a lot of confounding variables for objectives Il
and I11. There was also no loss to follow-up for objective I1I.

7.2. Limitations of the study
The current study had certain limitations. The follow-up time used by the WHO to define

maternal near-miss has duration of 42 days postpartum. However, because of logistic and
feasibility concerns, our follow-up time was limited to only the length of the hospital stay. This
might have caused us to underestimate the magnitude of maternal near-miss and hindered us not
to investigate the occurrence of other events such as maternal deaths occurred after maternal
discharge. The study also failed to abstract all maternal near-miss indicators such as the
interventions provided for maternal near-miss women, which are important components of
quality of care. Poor perinatal outcomes in objective 11l could be related to poor quality of care
around childbirth (108). However, the study did not explore quality of care domains. The study
did not also look for some of the important perinatal outcomes such as neonatal mortality among
maternal near-miss cases because of feasibility concerns. Although the five minutes Apgar score
is more sensitive indicator of birth asphyxia, we have considered the one minute Apgar score in
our study. The short and long term maternal consequences of near-miss events were not also
addressed in the current study. The other limitation of the study was that the study was carried
out only in public health facilities. Hence, it does not represent cases of maternal near-miss that

occur in private health facilities. The interviewers were not also blind to the exposure status of
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the women and there may be possibility of measurement bias. The other limitation of the study is
that it was difficult to identify the causes of maternal near-miss if the women had more than one

near-miss conditions.
8. Conclusions

During the one-year period of the study, the incidence of maternal near-miss was 8.01 per 1000
live births (95% CI; 7.06 — 9.09) in all participating hospitals. The majority of maternal near-
miss cases have already occurred on the women’s arrival at the participating hospitals. The
underlying causes of the majority of maternal near-miss cases were hypertensive disorders and
obstetric hemorrhage. Pregnancy-related infection was the least mentioned cause of maternal
near-miss. Anemia was the major contributing cause reported for maternal near-miss. Major
organ dysfunctions seen were Coagulation/Hematological followed by Neurologic. Hepatic

dysfunction was the least reported organ dysfunction in women with maternal near-miss.

The study identified that history of chronic hypertension, rural residence, prior stillbirth, no
antenatal care attendance and presence of prior anemia were the factors independently associated
with the occurrence of maternal near-miss. The study also shown that, women with maternal
near-miss complications during pregnancy and delivery were more likely to have adverse
perinatal outcomes such as stillbirth, preterm birth, low birth weight infant, birth asphyxia and
admission to neonatal ICU than normal delivered women. Rural residence, history of prior
stillbirth and primary educational level were the other risk factors that were independently

associated with adverse perinatal outcomes.
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9. Recommendations

For Policy makers

Policy makers need to design and implement evidence-based interventions to optimize the intra-
partum management of life-threatening obstetric complications which could reduce the
occurrence of maternal near-miss problems occurring during hospitalization. The study showed
that the majority of the near-miss cases happened before the women’s arrival at the participating
hospitals, which underscores the importance of understanding and eliminating the pre-hospital
barriers. Strengthening the available health care system in rural part of the country with focus on
maternity services is also a crucial step to avert serious maternal complications. Scaling up of
antenatal care in rural areas might have also a role to reduce obstetric risks among pregnant
women. An effort to improve in infrastructure could also enhance referral chain from primary
level to secondary and tertiary facility level. Interventions aimed at improving better access to
medical care for pregnant women with a history of pre-existing medical conditions such as
chronic hypertension have a paramount importance. The study also demonstrated that women
with maternal near-miss complications during pregnancy and delivery were more likely to have
an adverse perinatal outcome. Hence, this suggests that evidence-based interventions rendered at

improvements in maternal health can lead to an improvement in perinatal outcome.

For Health Practitioners

Implementations of evidence-based interventions could be used to optimize the intra-partum
management of life-threatening obstetric complications. Health care professionals need to
carefully plan and manage women with prior medical conditions specifically chronic
hypertensions and anemia. In addition, there is a need for counseling a pregnant woman about
the risk of chronic hypertensions during routine antenatal care visits. Additionally, education of
women on the importance of nutrition during pregnancy and supplementation of iron for
pregnant women during ANC visits are important steps to avert critical morbidity experiences
related to anemia. Provision of proper antenatal care for pregnant women is important in order to

early diagnose placental insufficiency, which may lead to adverse perinatal outcomes.
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For Researchers

As majority of the near-misses happened before the women’s arrival at the participating
hospitals, exploration of these pre-hospital barriers that hindered the women from accessing the
health facilities need to be studied preferably using the qualitative approach. Evaluating the
underlying causes of anemia among pregnant women who developed maternal near-miss is also
mandatory for appropriate action. This study did not look for the short and long term maternal
consequences of near-miss events. Hence, this calls for the importance of other big prospective
studies to look for these outcomes among maternal near-miss cases. As the current study was
limited to public health facilities, future researches conducted at private facilities as well could
help to visualize the pattern of maternal near-miss occurring in private facilities. The study failed
to explore all maternal near-miss indicators such as the interventions provided for maternal near-
miss women, which are important components of quality of care. Hence, we recommend further
studies to better understand challenges to quality of care for women and their newborns. In order
to study maternal near-miss, a better approach, which is audit by experts or panel committee is
also recommended. We also recommend studies to use a five minutes Apgar score for

measurement of birth asphyxia.
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12. Appendices

Annex 1: WHO maternal near-miss criteria

Table 10 Identification criteria of maternal near-miss used by the WHO

Dysfunctional | Clinical criteria Laboratory Management
system markers based proxies
Cardiovascular | shock severe hypo | Use of continuous
Cardiac arrest perfusion vasoactive drugs
(lactate >5 m mol/l or | Cardio  pulmonary
>45 mg/dl) resuscitation
severe acidosis (pH
<7.1)
Respiratory Acute cyanosis severe  hypoxemia | Intubation
Gasping (02 saturation <90% | and ventilation not
severe tachypnea (respiratory | for related to anesthesia
rate >40 breaths per minute) >60  minutes  or
severe bradypnea (respiratory | PAO2/FiO2 <200)
rate <6 breaths per minute)
Renal Oliguria  non-responsive  to | severe dialysis for acute
fluids or diuretics acute azotemia | renal failure
(creatinine >300
pmol/ml
or >3.5 mg/dl)
Coagulation/he | Failure to form clots severe acute | massive transfusion

matological thrombocytopenia of blood or red cells
(<50 000 (>5 units)
platelets/ml)
Hepatic Jaundice in the presence of pre- | severe acute
eclampsia hyperbilirubinemia
(bilirubin >100
pumol/l  or  >6.0
mg/dl)
Neurological Prolonged unconsciousness
(lasting
>12  hours)/coma (including
metabolic
coma), stroke, uncontrollable
fits/status  epileptics, total
paralysis
Uterine Uterine hemorrhage

or infection leading
to hysterectomy
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Annex 2: Participant Information Sheet and Consent form English version

Participant information sheet

Title of the project: “Incidence, causes, factors and adverse perinatal outcome of maternal near-
miss in selected public hospitals of Addis Ababa, Ethiopia”

Principal Investigator: Ewnetu Firdawek

Supervisors: Prof. Alemayehu Worku ,Prof.Misganaw Fantahun and prof. Birgitta Essén
Coordinating Office: Addis Ababa University, School of Public Health

Introduction: Research related to maternal near-miss is crucial to evaluate and improve quality
of obstetric care.

Purpose: The purpose of this study was to assess the incidence, causes, factors and adverse
perinatal outcomes of maternal near-miss in selected public hospitals of Addis Ababa, Ethiopia.
It is a PhD dissertation conducted for partial fulfillment of Doctor of Philosophy in Public Health
at Addis Ababa University.

Procedure and Participation: All women that face maternal near-miss complications as well as
those who delivered vaginally without any complications along with their singleton new born
babies will be enrolled in this study. We hope the information that you provide will have a
paramount importance to bring about quality of care in maternal health. We will ask you
questions pertaining to your socio-economic and demographic characteristics, RH and obstetric
history, the presence of pre-existing medical conditions, and your nutritional status. The
interview will not take more than 30 minutes. We also abstract some of the important
information from your medical record.

Confidentiality: All the information that you provide will be kept confidential. We will not
write your name in the questionnaire, instead we will use codes. All the information that you
provide will not be disclosed to any one individually. It is only the PI that will have access to the
data you provide until analyzed.

Benefit: You will not get a direct or immediate benefit from the current research, but in the long
run the findings might be used by the policy makers to bring about quality of obstetric care.
Risk: The current research does not bring any physical harm, social discrimination and

psychological pain to the participants.
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Inducement, incentive and Compensation: There is no inducement, incentives or
compensations that is given for you while you participate in this study. But we will be much
grateful for your participation.

Results Dissemination: The result of the study will be disseminated through publication in
scientific journals. In addition, it will also be communicated to the policy makers and other
responsible partners working on maternal health through different workshops and conferences.
Right to Refuse or withdraw: You have the full right not to participate or withdraw from the
study any time. You have also the right not to answer some of the questions that you do not need
to respond. In doing so, you will not be discriminated from any type of care that you might get
from this hospital.

Person to Contact: If you have any questions that is not clear about the research you can contact
the principal investigator of this research, Ewnetu Firdawek, with cell phone number of 0911
815694. You can also contact the primary supervisor of the research, prof. Alemayehu Worku
with cell phone number of +251911 40 56 52.

Informed Consent agreement form (verbal)

| have read/heard when read the information sheet in the language | understand and decided to
participate in this study. I am well aware of the general purpose, confidentiality issues, benefits,
risks and procedures of the study to the level of my understanding.

Participant code

Agreed to participate in the study? 1. Yes 2. No (mark one of them)
If yes continue the interview and data abstraction, if no thank the participant and go to the next
respondent.

Data collector

NaMe -----=-mmmmm oo Data------- f------- f-mmmmmmee e sign---------
Supervisor
NaMe -------mmmm oo Data------- f------- f-mmmmmmee e sign---------
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Annex 3 Participant Information Sheet and Consent form Ambharic version
PIOCIPC [ TGT THNEELG O avapsty, P& NATICT

U/RI°CIC /TST TIMC-6P P&

PI°CIPC TEENE CONNACTHS AG OAL IC N-FLPH (MG Favav: AGHF A79.0-9° PATOII° TG DAS
AT AL (Favsm- PASA ANA PATH AT 0o10Le: 2904 PGt

PGPS TS IO A D1k FCLADP

FENMEPT:TCLAC AATIRU- OCRITCLAC IPOITD- 471307 AG TCLNC (LCLF AN

AVHNSLE:A%0 ANO RZACATLIPVNLAAN MG HH hed

(L 0: (ALK PAGHT PF RTC NGHT D7 848 LLHA::AAHLY LUTT 2TC AdPPIN hT9.U-9° OAGT
AL PTLAMDY AT ATTAAA A PG PG aPINAPTS +L0M H4T 917Gt FhhAT 700 AvPl
ANdA7, 1@-::

PIPCI°C TCENE GA%T 109°CI°% GATT NACIHG AG OAL IC OHEPH WG PFavav< hGFf (H+Tiav 0k,
AS 7L0AST AS AL AATLLITI® TIC LIPGA:: PA PI9° T9C POAG hAGHTI° mePT (DA NS
AL £omav T A ATIDSLC PMPIPGA:: PG-EI® PTLNELD- NAGA AN RLACHTE PFANES &htet 44
MVNZAAN MG AmANP AaParlP WIL AILTIav-PP LmPTIA::

PANGC L8 (LY PATHA @0 hOAL AG ACTHG 2C (HEPH (MG PFavav Kot (1o (PG7k
LAt LY OAIC PHavsdme PATOIC POAS AGRTF® (PGE eolath LIPGA:: P9°HAMT avlBPT
OAGHF AL 299.AM: PMG ATANTTT PAAAN PTLA AT AAT:: NIPImEST TLRPT avind PACHT
PIIVNEPT ADTILER avl B A AT FPAS AG LM 14T AN FS0FTE £ N4t QAN AmPAL PG
FaACt: AG NP0 910 AT09° eo(HE IC FERHA. AATLhAE FIACT LIPGA::hmPAL TPEPE h 30
L&P (AL ALONGIC: i 7478 AOLATL aPLEPTII° h NC&t AL PIPIDAL: LIPTA::

TLATPC AA om0P: hHY TGT 0977 0048 (oo NTLATLLEE SmOPA: ALY TST P7LA0AND- ACHPT
palaoAnt avlB AL (PP ALY (AP he& e9iPar AT 1% PG +avlTIgPTF @ AT
hLINZIO::

TP TPIO: (LY TGT NPATEP PHAL PPI° ALTTIC::TIC 17 LOCAP N TGE aPAte AN AD-6R P T
OAGHT AL PTLAM 0T ATANINTT AT4.0ATI ATLINAT PTLEINN LUPGA::

Ahdk eoLFa A2RTFS ¥t aoalhet: (HY TGT aateP 9°9° Aert PAhAIAghABhd @9
NTWNEP VeDF aPINAT PLLANTA ALLATO::

TNNA:NHY TGF NeeA+EP 9P Gt T ALATPEHIC::TIC AT OTGE NevA+eP 9PN IGTT
NG +gm-::

PPOET @mt NATPIAR: PTG AMPAL ITt NAAI® APE LLF (91J-Fav< RIPCI°C aoZ4pT AL
Po9 9 LIPSA:: NHYVI® OAC AT AL ADRPT APU-9° NAGHT M7t 2C OHEPH ATLOG LCo-PT
Noote e7G+E Omt (FALE ANANPT AL PTLINKATFD- CIPGA::
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PGk LAPPATE DL LT hTeE P9190A aoiF: (TSR AL ANPA+E NZAT (HY TG AAPate
OR9° NNLAI® 1 Nav< TEEPTT Anavar\( SFAN:: (LY TGT AAPATEP @I NNLA® P1 Nav<i
TEEPT7 AAaPaPAQL NPATH N PTLETHT PATNINT av(1F ARhANAIP::

QA PGk L8 ALAT POLOIET @-0PT: hrok OC OHEPH TG RI° TP NAPT PTGEY PG +avlas
PUP'rTT AP QTR €CEAOP NNAN € TC 0911815694 7991t - FAd::

A/RIPCIPC /ST POIPIrT avolhsBy PR/ PA

PPGEY TSP 91107 RPTRA (LINNAT OH480-F AAPA 0TS E AGPA+HE oo € PLT Th::Ad AmPAL
PGk AATTE TLATPC AMOOPT (FaPANTFITPI® AG P EIATLU-IP CAOGC 2T N7 AGPTIHA FLAU-::

L L R

NPGH APOTE §PLE T

1. R @A AP NPT OLTLPTAD- TOR hAG/4/

2. PAGD --mmmmmmmme @A PA° NPT APV TORD-T ARCT B/

&Lt £LIIMD- avl B A-NAN,

Q1FO e M@ OLLANE Phmmmmmmmm [-=mmmmmm [-=====8:l ] ==mnm-
OASNMZD- AA TPLINTY: AFP ====mmmmmmmmmmmmmmmmn Y --mmmmm e a7 0L IESRE
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Annex 4 Study instruments /Quantitative English questionnaires

This form is filled for

1. Near miss women 2. Normal delivered women

Part I. Reporting health facility information and identification of the participant ( to be filled from

record of the patient and if incomplete ask the patient)

NO Questions Response Skip
101 Name of health facility
102 Facility code
103 Participant Card number
104 Participant Wereda name
105 Participant Kebele name
106 Participant  telephone  number/cell | Cell phone--
phone and home/ HOME@-----=mmmm oo
107 Date form filled /DD/MM/YYYY/E.C
108 Name and sign of data collector Name
Sign
109 Date of hospital
admission/DD/MM/YYYY/E.C
110 Admission mode 1. Self-referred If 1 go
2. Referred from other health | to
facility Q114
111 If referred name of referring facility
112 Date of arrival at referring
facility/DD/MM/YYYY/E.C
113 Date of departure from referring
facility/DD/MM/YYYY/E.C
114 Means of transport used 1. Ambulance
2. Public transport
3. Personal vehicle
99. Other specify ---------
115 This form is filled for 1. Near miss women If 2 go
2. Normal women to part
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116 When did near miss occur?

1. Before arrival at facility
2. During hospitalization

Part Il. Maternal near miss criteria/organ dysfunction criteria/tick on the appropriate

Dysfunctional system Clinical criteria Laboratory Management
markers based proxies
Cardiovascular shock(persistent severe Use of
systolic BP<80mmhg) | hypoperfusion continuous
Cardiac arrest (lactate >5 mmol/l or | vasoactive drugs
>45 mg/d) Cardio
severe aci- pulmonary

dosis (pH <7.1)

resuscitation

Respiratory Acute cyanosis severe intubation
Gasping hypoxemia (02 | and ventilation
saturation <90% for | not related to

severe  tachypnea >60  minutes  or | anesthesia

(respiratory rate >40 PAO2/FIO2 <200)

breaths per minute)
severe bradypnea

(respiratory

rate <6 breaths per

minute)

Renal Oliguria non- severe dialysis for
responsive to fluids or | acute azotemia | acute renal
diuretics (creatinine >300 | failure

pmol/ml

or >3.5 mg/dl)
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Coagulation/hematological

Failure to form severe acute massive
clots(DIC) thrombocytopenia transfusion  of
(<50 000 blood or red
platelets/ml) cells (=5 units)
Hepatic Jaundice in the severe acute
presence  of  pre- | hyperbilirubinemia
eclampsia (bilirubin >100
pumol/l  or  >6.0
mg/dl)
Neurological Prolonged
unconsciousness
(lasting
>12 hours)/coma
(including metabolic
coma)
stroke
uncontrollable
fits/status
epilepticus
total paralysis
Uterine

Uterine
hemorrhage or
infection leading

to hysterectomy

Part I11. Direct causes of maternal near miss/ to be filled from medical record of patient
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with near-miss

301 Please tick on the appropriate Obstetric hemorrhage

Hypertensive
disorders/Eclampsia or pre

eclampsia/

Pregnancy with abortive
outcome/ abortion or ectopic

pregnancy

Pregnancy-related infection

Other obstetric disease or

complication----------

Unknown

Part IV. Indirect causes of maternal near miss/recorded from medical card or ask patient

401 Please tick on the appropriate Anemia

Malaria

HIV

B

Obstructed/prolonged labor
Previous caesarean section

No indirect cause

Others specify-----
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Part V. Maternal socio-economic and demographic characteristics ( to be filled for mothers with

near-miss and selected mothers who delivered without complications)

No Questions Responses Skip

501. |Ageinyear | -memememeee- full years

502. | Highest educational level [literate

. Only read and write

1

2

3. Elementary school(1-6)

4. Seconder/high school completed
5)

University/college and above
99. Other specify ------

503. | Ethnicity 1 Amhara
2. Oromo
3. Gurage
4. Tigre
99. other specify------

504. Place of residence Urban

Rural

1
2
505. | Religion 1. Christian orthodox
2. Protestant
3. Muslim
4. Catholic

99. Other specify -----------------

506. | Marital status
Married

Divorced
widowed

not married

o~ w N

separated

507. | Women’s Occupation 1. House wife

2. Government employee
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3
4.
5
6

NGO employee

Merchant

. Student

Daily laborer

99. Other specify -----------------

508. | Partners occupation 1. Government employee
2. NGO employee
3. Merchant
4. Daily laborer
99. Other specify-------------------
509. | House hold monthly income | ----------------m-momemo- Ethiopian birr
Part VI. RH and obstetric characteristics
601. | Did you receive ANC during 1. Yes
your current pregnancy? 2. NO--------- Go to Q605 It2 go to Q
605
602. | If yes place ANC received? 1. In this hospital(study site)
2. Outside study area
603. | Number of ANC visit? 1. One
2. Two
3. Three
4. Four and above
604. Trimester of pregnancy 1. First
during ANC for last 2. Second
pregnancy? 3. Third
88. Don’t know/remember
605. | Number of living children | -----------enmmnun--
(today)
606. | Number of children died | ---------------------
(born alive)
607. | Number of previous total | -------------nmnmmnum-
pregnancies
608. | Do you have a history of still 1. Yes
birth?(>28 weeks) 2. No T2 go to Q
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610

609. | If yes number of previous | ----------------
still births
610. | Do you have a history of 1. Yes
abortion? (< 28 weeks) 2. No T2 gotoQ
612
611. | If yes number of previous | --------------=--m-mmmmmm-
abortions
612. | Do you have history of 1. Yes
previous caesarean section? 2. No T2 go o Q
614
613. | If yes number of previous | --------------=--mmmmmme-
C/S
614. | Have you ever undergone 1. Yes
FGM? 2. No
615. | Was there early marriage 1. Yes
(before 18 years)? 2. No
616. | Last Menstrual Period | ---m-mmmmmmemme -
(DD/IMM/IYYYY)
617. | Calculated Expected Date of | =~ ---—-mmmmmmmmmmmmmmm e
Delivery (DD/IMM/YYYY)
618. | Actual Date of Delivery
(DD/IMM/YYYY)
619. | Number of month between | ------------------ months.
end of last pregnancy
(delivery or termination) and
the current delivery
620. | Current pregnancy (single Vs 1. Single
twin) 2. Twin
621. | At what trimester is she now? 1. One
2. Two
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3. Three

622. | Have you taken TT vaccine 1. Yes
during pregnancy? 2. No T2 go to Q
624
623. | If yes, how many times have 1. Once
you received such injections? 2. Two or more
624. | Intended/actual  place of 1. Hospital (study area)
delivery 2. Hospital ~ (other  than
study site)
3. Health center
4. Home
99. other specify-------------
Part VII. Access to RH services
Delay one
701. | Who is responsible  for 1. Self
decision that you should 2. Husband
come to the hospital? 3. Relatives
4. Friends
99. Other specify ------------------
702. | Was there any delay in 1. Yes
making decision to come to 2. No It2 go to Q
hospital? 704
703. | If yes what was the reason? 1. Underestimated  severity  of
condition.
2. Failure to recognize the problem
3. Bad experience with health
system
4. Lack of decision to go to health
facility
5. Traditional practices
6. Believed that God was in control
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99. Others Specify------------=------
Delay 2
704. | Once you decide to go to 1. Yes
hospital did you go straight 2. No It 1gotoQ
away? 706
705. | If no why? 1. Lack of transport
2. lack of money for transport
3. bad road condition
4. no facility within reasonable
distance
706. | Time it takes to reach here? | ------------ minutes
707. | How long it takes you reach | ----------- days
here?
Delay 3
708. | Once you reach to the | -------------- minutes
hospital, how long you wait
before seen by health
professionals?
709. | Type of problem you face in 1. Delay in making correct
hospital? diagnosis
2. No assessment by senior health
professionals
3. Lack of supply and equipment
4. Poor monitoring of patient
5. No problem faced
Part VIII. Pre-existing medical conditions-before current pregnancy
801. | Have you had chronic 1. Yes
hypertension? 2. No
802. | Have you had anemia? 1. Yes
2. No
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803. | Have you had HIV? 1. Yes
2. No
804. | Have you had maternal 1. Yes
cardiac disease? 2. No
805. | Have you had diabetes? 1. Yes
2. No
806. | Any other health problem | -------------m-mmommm o
specify
Part IX. Nutritional status/to be measured by data collector/
901. | Patients height (m) | —=-=-——-- meter
902. | Weight at admission (kg) | ------------------ kg
903. |BMI? | e

Perinatal outcomes (to be filled from participant’s record)

NB. To be filled from medical record of a women wheo is in her third trimester (> 28 weeks), and for
awomen who delivered in the participating hospital.

Part X. Perinatal outcomes (should be followed until discharge) / for singleton deliveries

No Questions Response Skip
1000.| The women is at 1. > 28weeks of gestation and
delivered in hospital If 2 go
. . toQ
2. <28 weeks of gestation or delivered 1100
outside study area
1001.| Outcome of current pregnancy 1. Alive at birth

2. Still birth

3. Died at hospital discharge or on 7" day of

life in hospital

4. Congenital abnormality

99. other specify---
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1002.

Gestational age in completed
weeks at delivery or abortion

1003.| Birthweight (gy | ===-=mm gram
1004.| APGAR score at 1% minute | ------mmmmmeeee-
1005.| APGAR score at 5 minutes
1006.| APGAR score at 10 minutes | -------=---------
1007.| Is  there  any  neonatal 1. Yes
complications? 2. No It 2 go
to Q
1009
1008.| If yes specify | smmmmmememee
1009.| Is there any birth trauma? 1. Yes If 2 go
2. No tl%?l
1010.| If yes Specify
1011.| Baby admitted to special care 1. Yes
or ICU? 2. No If 2 go
to Q
1013
1012.| If yes number of days stayed in |  —-mmmemee- days
ICU?
1013.| Baby referred to another 1. Yes
facility? 2. No
1014.] Vital status at discharge 1. Alive

2. Dead in the first 24 hours
3. Dead after 24 hours
4. Dead (timing not specified)

88. unknown
1015.| If dead cause of death
1016.| Date of discharge, referral or DD/MM/YYYYI/E.C
death of the baby /-- [-mmmmmm-
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Part XI. Maternal outcomes /filled from medical record of the participants/

S.n Questions Response skip
1100. Date of hospital admission of the women | -------- f-------- f--------
DD / MM /YYYY/
1101. Time of hospital admission of women | --------- I
Hour/ minute
1102. Date of delivery or end of pregnancy /- f----
DD/ MM/ YYYY
1103. Final mode of delivery/end of pregnancy? 1. vaginal delivery
2. caesarian section
3. Instrumental -
vacuum/forceps
4. Complete abortion
5. Destructive
88. Other/unknown
1104. Vital status of women at discharge? 1. Alive
2. Dead It 2 go
to
Q1109
1105. Date of discharge /- [--=-----
DD/MM/YYYY.E.C
1106. Time of hospital discharge of women f----
Hour/ minute
1107. Mode of exit? 1. Normal discharge If 3 go
2. Left_ against medical 81111
advice
3. Referred to other
hospital
4, Escaped
1108. Total duration of hospital stay | - days
1109. If dead, date of death of the women | ---------- f-=-=mm-- f---=nmm-
DD/MM/YYYYI/E.C
1110. If dead time of death 1. Dead on arrival
2. Dead between
arrival and
admission
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3. Dead in the first 24
hours
4. Dead after 24 hours

1111

If referred referral facility name

1112.

Reason for referral
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Annex 5: Quantitative Amharic questionnaire for part five only

heA APOTIeTMELD hnPAL PTIWNEET ANTULEE aolF (Mravalrt (loomPP £oL9PA)

T

T

av\(

hAS

501.

AU7 0P Ot 1@ ?

502.

PFIPUCT £LB

1. PATaIL

2977005 o9& F

3. W85 R4%5(1-6)

400G RLE TIPUCT SGded
5. h& g FPuct /paeRLacht:
99. AA BINK----

503.

NlO0 /28]

1. A%

2. hCT

3. T

4. 19é

Lo Lo I WAy L ¥\ ——

504.

Pavs P 3

1. bt

2. 1mC

505.

72N TP JOULID?

1. Acr&hn

2. &mm

3. ANAIS

4. afih

99. /ARINR

506.

eO0F vt

1. et

2. eté&IF

3. At
4. gea0F

5. TALRTD PTLTE

507.

Vol

1. ?0F Aoo(t

2. a0t (GG
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3. ?NGO a¢t%

4. 198,
5. +914
6. 7 ActE
99. AA £108
508. PAANA 01g-(£70+ UPY) 1. a0t OGS
2. ?NGO a¢t+5
3. 108
4. 047 At
99. AA £100
500. NATY et 0L NOC | C
heA A&HTIAA Q1 TPAL A T29 8T Ak F4hT
601. AAU-T ACTHS A160 MG 1. A®
IPCave(ANC) A @L m.S 2 Py 0L7.&
£CEF et e ? 2. A 605 KA&:
602. | A1RO MC M5 bt 028 hury 1. OHY PATHA/TSE 0LhLe0t
e ®- em,s LCEF 10+ ALhdHie
eI D-? 2. AA MS &COF
603. A1e0 C M5 et 048 Ut 1. A2 9
NAMPAL O7rF L L@ 1NC?
2. vt
3. Aot 9
4. hhct 1h NAL
604. | 01§04 M 9°Cave- PIUNIHtr [AP/ OC AU
NPy oA Navgavse o mS
SCEF P44 NATHFD OC 10C? 88. AAD-PP/MANF DA
605. | WOt P AZT (WU Y | o
RLIC)
606. LS e A ¥ 2 T U
NHH VO TDALD-)
607. PACTHS € TC (Number of previous

total pregnancies)?
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608. iy 0&+ Pto- e+oA% AST 1. h?
AT (Do you have a history of still 2w 0frPe
birth? (>28 weeks) 2. AP $PC 610 hAG
609. | A NPt P+@: CFONSG. AHAJRTC? | mmmmmmemmemmee
610. hHY 04+ L@-CE Féh AAG( Do 1. h®
you have a history of abortion? (< 2 h of pPE
28 weeks) 2. A ePC 612 A0S
611. AP OUt LO-CENHE?
612. hHY 04+ ORTEOLE7/CS/OALT 1. h®
Fo-EPAT? 20 oL 7Pe
2. tag ETC 614 hAF
613. AP U1 9°7 LUA AL ATEOL7
OOLAN?
614. TICHAN (Have you ever undergone 1. h®
FGM?)
2. a9
615. £A AL 10C £1000+(h18 haot 1. A?
03F)?
2. a9
616. Last Menstrual Period / /
(DD/IMM/YYYY)E.C
617. Calculated Expected Date of
Delivery (D/M/Y)E.C
618. Actual Date of Delivery/end of
pregnancy (D/M/Y)E.C
619. Q0é+ AFQ jabortion/ § | oo oc
(POPERLLAD-) (AU ACTHS PN | eavBavs e NPy 010K
9°7 Ché\ POC ARTE AN?
620. PAU-T ACTHG v 10+ DRN 1. A1
Are?
2. avpF
621. PAU-T ACTIHG O7HE a7t o | agert mP,9°
O ) — oC
622. OACTHS LH a0710) $OGF 1. AP 2 oy @8 rPe
RFQH(TT) k0 Ince 2. P9 & 701 A&
623. AP DUt avpOn AF I FRAA? . A7%

2. U0 AG D NAL

hEANVTFIPAPTFPALATA NPT L0
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701. PAOTIA /MG +Fg° jaogea)t 1. h@. A
A18ANG LT @A @Y (eh. 0
aPy@-? 2. QA0E
3. Havg:
4. ThLSF
ST Y ATV PE—
702. oL POATIHA aePPt W r8AN0 1. h®
@.A% AL HIALAN 1I0C? 2 vt of vee
2. &PC 704 AAG:
703. A% ot Pk 907 10C ? 1. 925 FaC L1715 A N% hAAnNh-
(F°CmPE ARINI)?
2. 9477 a0l 8t ANF AN
3. OmS TEAT® AL LAY AL T4
NAAUT
4, ®f MG TRhI® LavgeM); MALD- %
NAAUT
5. QUi AA“724.PL/NOVAR av e
@A AAIPLAT
6. 4M¢ LMNPTA 1% AT
99. AA 2IAG —----mm---
704. oL POATHA e A 18N 1. h®
noAT (YA 08,00, 1@ PLLTHD-? 1w of PR
2. fA® &PC 706 AAG:
705. PAI° NPt o700 9o 1. eFeZCr O AAING
NC?(IPCRPE heINN9°)?
2. ¢FSINTCE TN AANINGT
3. o718 NM9° ANVFIS OAINC
4. NPCN CPT MS +RAI® AN
ST I W A (Y —
706. ALY POTHA AP0 NAMPAL aAt 1 LeP

N 907 PUA L2 LONBA?
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707. | POTAA h&ind 074 NOA>-¢ Akt h L
A It 907 PUN LbP LENN?
708. | PATFA AL £1navq FoIC 7 1. +hhAFo-7 9oCave. 918 aPHt

KR 1.2 (P°CRPE hLINN-P
RaANTFO- 9P AL 2N0A1)

4.

5.

99. AA 2106

AP AA@- OAa>-f hAav o

ANLAL PP PP AWPPT
AAdPav-h A+

L7 et bkt

go79° FOIC A Imarige

h&A APPFNAT QAN AmPAL Pm.S TOICT/MAU-+ ACTHS N&T/

801. 229° 94t (hypertension) 104007 1. A?
2. A
802. £L9° 971 (anemia) 1NLNA? 1. A?
2. a9
803. KT he T (HIV) Aa-NT? 1. &A?
2. a9
804. AN oC 201 FIC (cardiac 1. A?
disease) 10ZNT? 5 ongm
805. PAN-AC (Ti(diabetes) 10ZA1T? 1. A9
2. a9
806. MA PmuS 0 A enea
h&A Hn:h9PoM0 710 AP0-9° oNHTICHERHM. AATLh(E TaICT/Navant ea7.900/
901. etae@- kovt/00.7%) 00000 | - TG N 0.7%
902. Pratdao hNLtT/0N. at | s n.<

admission
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Abstract

Background

Because maternal mortality is a rare event, it is important to study maternal near-miss as a
complement to evaluate and improve the quality of obstetric care. Thus, the study was con-
ducted with the aim of assessing the incidence and causes of maternal near-miss.

Methods

A facility-based cross-sectional study was conducted in five selected public hospitals of
Addis Ababa, Ethiopia from May 1, 2015 to April 30, 2016. All maternal near-miss cases
admitted to the selected hospitals during the study period were prospectively recruited.
World Health Organization criteria were used to identify maternal near-miss cases. The
number of maternal near-miss cases over one year per 1000 live births occurring during the
same year was calculated to determine the incidence of maternal near-miss. Underlying
and contributing causes of maternal near-miss were documented from each participant’s
record.

Results

During the one-year period, there were a total of 238 maternal near-miss cases and 29,697
live births in all participating hospitals, which provides a maternal near-miss incidence ratio
of 8.01 per 1000 live births. The underlying causes of the majority of maternal near-miss
cases were hypertensive disorders and obstetric hemorrhage. Anemia was the major con-
tributing cause reported for maternal near-miss. Most of the maternal near-miss cases
occurred before the women’s arrival at the participating hospitals.

Conclusion

The study demonstrated a lower maternal near-miss incidence ratio compared to previous
country-level studies. The majority of the near-miss cases occurred before the women’s
arrival at the participating hospitals, which underscores the importance of improving pre-
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hospital barriers. Efforts made toward improvement in the management of life-threatening
obstetric complications could reduce the occurrence of maternal near-miss problems that
occur during hospitalization.

Introduction

The improvement of maternal health has made slow progress in most of the sub-Saharan Afri-
can countries [1]. According to the World Health Organization (WHO), the United Nations
Children’s Fund (UNICEF), the United Nations Population Fund (UNFPA) and the World
Bank (2014) estimate, globally, 289,000 maternal deaths occurred in 2013, with the highest
burden being in sub-Saharan African countries [1]. Despite the high number of maternal
deaths in many of the institutions within these countries, the absolute number for each center
classifies these events as rare, which leads to a reduced level of power to allow the studies to
investigate the potential risk factors. Thus, in this situation, severe acute maternal morbidity or
maternal near-miss could serve as a surrogate for maternal death to evaluate the quality of
obstetric care in particular health institutions. A maternal near-miss event or severe acute
maternal morbidity is currently defined by the WHO as ‘a woman who nearly died but sur-
vived a complication that occurred during pregnancy, childbirth or within 42 days of termina-
tion of pregnancy’ [2-5].

Because there were no uniform criteria for the identification of near-miss cases and no stan-
dard definition for maternal near-miss until 2009, a heterogeneous estimate of rates was
observed in different published literatures around the world. For instance, the rate ranged
between 0.14% and 0.75% in some of the high-income countries [6-13], it ranged between
1.5% and 7.7% in some of middle- income countries [14-18], and, in sub-Saharan African
countries, it ranged between 2.21% and 12% [19-22]. In Ethiopia, the prevalence has reached
as high as 7.9% [23].

Worldwide, hypertensive diseases of pregnancy, obstetric hemorrhage, sepsis, anemia and
obstructed labor/dystocia have been identified as the major causes of maternal near-miss
[8,14,24-26].

Ethiopia, as in many developing countries, has a high rate of maternal mortality. According
to the 2011 Ethiopian Demographic and Health Survey (EDHS), the maternal mortality ratio
(MMR) of the country was 676 per 100,000 live births, and the 2016 EDHS recorded 412
deaths per 100,000 live births [27,28]. An estimated 2.9 million women give birth every year in
Ethiopia, and only 26.2% of them deliver in a health facility [28,29]. According to the recent
2016 EDHS report, the percentage of women who received Antenatal care (ANC), delivery
care and a postnatal check-up from a skilled provider was 62.4%, 27.7% and 16.5%, respec-
tively [28].

The Federal Ministry of Health of Ethiopia is striving to reduce the rate of maternal mortal-
ity of the country. Actions taken so far include organizing and mobilizing the Health Develop-
ment Army at all levels to promote behavioral change, the distribution of ambulances to all
districts of Ethiopia, the provision of free maternity services at different health care levels, the
training of human resources and equitable placement of health professionals in health facili-
ties, and the provision of adequate drugs, medical supplies, and equipment [30]. Despite all of
these efforts, the maternal mortality rate of the country remains high. Therefore, there is a
need to assess the magnitude and possible causes that contribute to maternal mortality. How-
ever, because maternal near-miss is a rare event, and because it follows a similar pathway to
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maternal deaths, there is a benefit to including a larger number of cases for analysis, as research
related to maternal near-miss is crucial when examining the quality of obstetric care [2,4,31].
In Ethiopia, maternal near-miss complications are common and are estimated to be around 12
times more frequent than maternal deaths [23]. However, the incidence and causes of near-
miss events are not well documented. Thus, this study aimed to assess the incidence and causes
of maternal near-miss.

Methods
Study settings and period

The study was conducted in five selected public hospitals of Addis Ababa, Ethiopia from May
1, 2015 to April 30, 2016. The hospitals were selected based on the number of deliveries they
managed per year. Because most critical maternal cases are referred to a hospital known to
provide better care, the presence of an Intensive Care Unit (ICU), maternity ward, blood trans-
fusion service and facilities for caesarean section (CS) were also considered in the selection of
hospitals. Hence, Tikur Anbessa, St. Paul’s Hospital Millennium Medical College, Zewditu
Memorial, Yekatit 12, and Gandhi Memorial Hospitals were selected for the current study.
Tikur Anbessa Hospital is the largest referral and teaching hospital in Ethiopia and is operated
under the Ministry of Education of Ethiopia. St. Paul’s Hospital Millennium Medical College
is the largest referral and teaching hospital among those operated under the Federal Ministry
of Health. However, the Gandhi Memorial, Yekatit 12 and Zewditu Memorial Hospitals were
among the six governmental referral and teaching hospitals that are managed under the Addis
Ababa Administrative Health Office. Together, the five hospitals were responsible for a total of
29,697 live birth deliveries during the year in which this study took place. Apart from Tikur
Anbessa Hospital, which received very critical cases from different part of Ethiopia, the hospi-
tals are comparable in terms of the patients they receive for care and treatment (Fig 1).

Addis Ababa

=

; Somall

L /
Ethiopia ./

Fig 1. Location map of the study area in Addis Ababa, Ethiopia. SPHMC (St. Paul’s Hospital Millennium
Medical College), TAH (Tikur Anbessa Hospital), Y12H (Yekatit 12 Hospital), ZMH (Zewditu Memorial
Hospital) and GMH (Gandhi Memorial Hospital).

https://doi.org/10.1371/journal.pone.0179013.g001
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Study design

A facility-based cross-sectional study design was used to address the objective of the current
study.

Identification of cases

All women admitted to the participating hospitals during the study period for the treatment of
pregnancy-related complications (such as ectopic pregnancy or abortion), having delivered, or
within 42 days of termination of pregnancy, and who fulfilled at least one of the conditions
stated in the WHO criteria (S1 Table) [5] were included. Depending on when the near-miss
occurred, maternal near-miss cases were further categorized into two groups. Women who
were assessed as being in critical condition on arrival to a hospital were classified as near-miss
before arrival. However, if the near-miss occurred during hospitalization, it was classified as
near-miss after arrival.

Sample size determination

The sample size was determined by a single population proportion formula by assuming the
prevalence of maternal near-miss in Ethiopia to be 7.9% [23]. Considering a 1% margin of
error, a 95% confidence interval (CI) and a 10% non-response rate, a minimum of 2795 live
births were calculated to be the appropriate sample size for this study. However, during the
year of the study, a 10 times larger number of live births than the number required was
obtained in the five hospitals (29,697 live births), and we decided to include the entire period
of one year to increase the precision of the study.

Data collection

Women who experienced a maternal near-miss event during pregnancy, delivery or the post-
partum period were identified prospectively by well-trained midwives and nurses in each hos-
pital. Data relating to the most important variables were abstracted from the medical record of
the participants using the WHO data abstraction tool, with some modifications [5]. The data
were collected from the Delivery Ward, Obstetrics and Gynecology Ward, ICU, and Emer-
gency Gynecology Outpatient Department of each hospital. For each maternal near-miss case,
only one underlying cause was identified as per the WHO International Statistical Classifica-
tion of Diseases and Related Health Problems (ICD). According to the ICD, the underlying
cause is the disease or injury which initiated the sequence of events leading directly to death
[32]. Because the same classification is used for both maternal death and maternal near-miss
[33], the classifications used for maternal near-miss were the same as those listed in the ICD
for maternal mortality [34]. However, all possible contributing causes were considered. Infor-
mation regarding whether the near-miss was present before arrival or developed during hospi-
talization was also collected in order to determine the place where the near-miss occurred.
Data on the total number of live births occurring over one year for each hospital were extracted
from the Health Management Information System (HMIS) report of each hospital.

Data processing and management

The supervisors in all participating hospitals were responsible for checking the completeness
of the information. The enumerators filled in the date and signed each questionnaire, which
was later checked, edited and signed by the supervisors regularly at each hospital. The data
that were collected using hard copies were kept in a locked cabinet by each supervisor until
gathered by the principal investigator during supervision. Following this, the data were entered
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into Epi Info 7 software, and transported to SPSS version 20 and Open Epi computer software
for final analysis.

Data analysis

The total incidence of maternal near-miss in the hospitals involved in this study was calculated
using the maternal near-miss incidence ratio (MNMIR) formula. This was calculated by dividing
the number of maternal near-miss cases during one year by the total number of live births dur-
ing the same year. The incidence ratio in each hospital was also calculated with a 95% CI. In
addition, hospital access indicators, such as the number of women with a maternal near-miss
condition before arrival at the hospital, were calculated. Intra-hospital care indicators, such as
the number of women with near-miss who developed conditions in the hospital, were also calcu-
lated. In order to determine the underlying and contributory causes of maternal near-miss, a
descriptive frequency for each cause was calculated. The total number and frequency of each
cause for all hospitals involved were calculated separately. The causes were categorized into
underlying and contributory as per the WHO recommendation [5]. A descriptive frequency of
the type of organ dysfunction present in maternal near-miss cases was also calculated.

Data quality assurance

In order to maintain the quality of data, intensive training was given to data collectors and
supervisors. All health care workers working in the maternity ward of each participating hospi-
tal were also sensitized to the issue so that they would inform the enumerators when they sus-
pected a near-miss case. In addition, inclusion criteria for maternal near-miss were printed
and posted on the wall of each ward at all participating hospitals. The data collectors made a
daily visit to the Delivery Ward, Obstetrics and Gynecology Ward, ICU, and Emergency Gyne-
cology Outpatient Department to check for potential cases. The data collectors were given
training to standardize methods and ensure consistency of data collection. One hospital super-
visor, who was responsible for the overall quality of the data, was appointed at each participat-
ing hospital. There was frequent supervision of the included hospitals by the principal
investigator. The standardized data abstraction form developed by the WHO [5] was used to
abstract pertinent information. The questionnaires were also first pre-tested in the participat-
ing hospitals to verify the appropriateness of the tool. The standardized WHO criteria were
used to identify maternal near-miss cases. Hence, all the above procedures contributed greatly
to obtaining quality data.

Ethics statement

Acceptable ethical standards were strictly adhered to throughout the study process. The
study was first approved by the Institutional Review Board of the College of Health sciences,
Addis Ababa University (Protocol number: 058/14/SPH, Date: January 2015). It was also
approved by the Ethical Review Committee of each hospital. Adequate explanation about
the purpose of the study and a letter of support was given to all concerned bodies. For stud-
ies that are not clinical trials that involve invasive procedures, taking verbal consent is the
standard requirement of the Institutional Review Board of Addis Ababa University. Hence,
verbal consent was taken to abstract pertinent information from the participant’s record.
The anonymity of the participants was respected via the use of codes rather than the name
of the participant. The names of the participants were not reported in the findings of the
study to ensure confidentiality.

PLOS ONE | https://doi.org/10.1371/journal.pone.0179013  June 6, 2017 5/13


https://doi.org/10.1371/journal.pone.0179013

@° PLOS | ONE

Incidence and causes of maternal near-miss

Table 1. Incidence of maternal near-miss in five selected public hospitals of Addis Ababa, Ethiopia from May 1, 2015 to April 30, 2016.

Name of Hospital

Tikur Anbessa 73
St. Paul Millennium Medical College | 55
Gandhi Memorial 39
Zewditu Memorial 20
Yekatit 12 51
Total 238

Near-miss cases (n) Percentage (%) |Total live births in one year

*MNMIR per 1000 live births (95% Cl)

30.7 4632 15.8 (12.6-19.8)
23.1 9079 6.06 (4.66—7.88)
16.4 7091 5.49 (4.02-7.51)
8.4 4610 4.34 (2.81-6.69)
214 4285 11.9 (9.06-15.61)
100 29,697 8.01 (7.06-9.09)

* MNMIR represents maternal near-miss incidence ratio

https://doi.org/10.1371/journal.pone.0179013.t001

Results
Incidence of maternal near-miss

During the one-year period, a total of 238 maternal near-miss cases and 29,697 live births were
reported in total for all participating hospitals, which produced a total maternal near-miss inci-
dence ratio of 8.01 per 1000 live births (95% CI; 7.06-9.09).

The highest proportion of cases was reported from Tikur Anbessa hospital (30.7%), fol-
lowed by St. Paul Millennium Medical College (23.1%), and the lowest proportion was
observed at Zewditu Memorial Hospital (Table 1).

Characteristics of women with maternal near-miss

The majority (88.2%) of maternal near-miss cases were referred from other health facilities
and an ambulance was used by most of the mothers as a means of transport to the study hospi-
tals. A significant number (68.5%) of maternal near-misses occurred before arrival at the par-
ticipating hospitals (Table 2).

Organ dysfunction in maternal near-miss cases

The number of major organ dysfunctions seen in the majority of maternal near-miss cases
were Coagulation/Hematological at 114 (47.9%), followed by Neurologic at 97 (40.8%), and
Cardiovascular at 96 (40.3%). Hepatic dysfunction was the least-reported organ dysfunction in

Table 2. Characteristics of women with maternal near-miss in five selected public hospitals of Addis
Ababa, Ethiopia from May 1, 2015 to April 30, 2016.

Variable Number percent
Admission mode (n =238)
Self-referred 28 11.8
Referred from other facility 210 88.2
Means of transport used (n = 238)
Ambulance 181 76.1
Public transport 38 16
Personal vehicle 15 6.3
Others 4 1.7
When did the near-miss occur? (n=238)
Before arrival 163 68.5
During hospitalization 75 31.5

https://doi.org/10.1371/journal.pone.0179013.t002
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Fig 2. Organ dysfunction in maternal near-miss cases in five selected public hospitals of Addis Ababa, Ethiopia, May
2015 to April 30, 2016.

https://doi.org/10.1371/journal.pone.0179013.9002

audited maternal near-miss cases. Around 95 (39.9%) of the cases manifested multiple organ
failure (Fig 2).

Underlying and contributory causes of maternal near-miss

The underlying cause for the majority of maternal near-miss cases was hypertensive disorder
(53%), followed by obstetric hemorrhage (38%), pregnancy with abortive outcome (4%), and
pregnancy-related infections (1%) (Fig 3).

The major contributing causes of maternal near-miss reported were anemia (40%) followed
by prolonged/obstructed labor (9%). Around 37% of maternal near-miss cases did not show
any form of contributing causes (Fig 4).

Discussion
Incidence of maternal near-miss

During the one-year period of the study, the incidence of maternal near-miss was 8.01 per
1000 live births in all participating hospitals. Previous studies in Ethiopia have documented a
prevalence rate of 101 per 1000 deliveries [26] and 78.9 per 1000 live births [23]. Surprisingly,
our finding is considerably lower than that given in previous reports and the observed varia-
tion could be a result of disparity in the case definitions used by the researchers, the study
design used, and the time at which the study was conducted. We used the newly developed
WHO criteria, which are very stringent and would identify only very critical cases. However,
previous studies used disease-based criteria, which were less stringent than the WHO criteria
for identifying maternal near-miss cases. Thus, had the previous studies employed the WHO
criteria, they might have ended up reporting more cases. Data quality issues and the limitations
of the secondary data obtained in previous studies might also be an alternative explanation for
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Fig 3. Underlying causes of maternal near-miss in five selected public hospitals, Addis Ababa, Ethiopia May1, 2015 to
April 30, 2016.
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the observed difference. Nevertheless, when we compare our findings with other studies that
used the newly developed WHO criteria, the incidence was lower than some other sub-Saharan
African countries such as Ghana and Tanzania [19,35]. However, our results are comparable

2% 0% B Anemia

® No contributory cause

® Prolonged/obstructed
labour

® Previous CS

= HIV

m Malaria

= TB

Fig 4. Contributing causes of maternal near-miss in five selected public hospitals, Addis Ababa, Ethiopia May1, 2015
to April 30, 2016.

https://doi.org/10.1371/journal.pone.0179013.g004
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with studies conducted in Rwanda and Uganda, where they reported an incidence rate of 8 per
1000 live births and 8.42 per 1000 live births, respectively [36,37].

Among the five participating hospitals, a higher incidence of maternal near-miss was
observed in Tikur Anbesa Hospital (15.76 per 1000 live births). Because that hospital is the
major referral hospital in Ethiopia, the possibility of obtaining severely critical cases from dif-
ferent parts of the country and from Addis Ababa is higher.

Causes of maternal near miss

The leading underlying cause of maternal near-miss in our study was hypertensive disorder
(eclampsia and pre-eclampsia), followed by obstetric hemorrhage. This finding is compatible
with most studies from high and middle-income countries [8,9,38,39]. The study finding was
also in line with studies conducted in other African countries [20,21,25]. A previous study in
Ethiopia also reported hypertensive disorder as the primary cause, and obstetric hemorrhage
as the second leading cause of maternal near-miss [23]. High percentages of hypertensive dis-
order and obstetric hemorrhage might be indicative of some form of delay in managing obstet-
ric complications by the facility staff.

Pregnancy-related infection was the least mentioned cause of maternal near-miss in our
study and was also reported to be the least likely cause in most of the studies completed in
developed countries. The rate was also much lower as compared to some of the other African
countries that had been studied [20-22,25]. The lower percentage of infection as a cause of
maternal near-miss could be explained by the presence of early management of the cases with
appropriate antibiotics at each health facility.

Anemia was the major contributory cause of maternal near-miss in our study. This finding
is also comparable with studies from some middle-income countries such as Iraq, India, and
Pakistan [40-42]. This finding was also in line with the studies from some African countries
such as Ghana [19]. The presence of anemia in women can be attributed to nutritional and
iron deficiency during pregnancy. It could also result from the presence of previous malaria.
Hence, there is a need to deeply assess the causes of anemia in women with a maternal near-
miss case to determine the most appropriate action.

The majority of maternal near-miss cases have already occurred on the women’s arrival at
the participating hospitals, a finding which is in line with studies from most developing coun-
tries. For example, in Bolivia, Mozambique and Somaliland, 74%, 70.7% and 74.2% of the
near-miss cases, respectively, were in a critical state upon arrival at the health facilities, imply-
ing the need to focus on existing pre-hospital barriers [43-45]. However, near-miss cases that
develop during hospitalization can help to measure the quality of obstetric care provided
within the health facilities. In Iran, for example, sub-optimal obstetric care was found in 75%
of the near-miss cases [46]. The occurrence of maternal near-miss after receiving sub-optimal
care following caesarian section has also been reported elsewhere [47]. However, it should be
noted that quality of care is not the only possible explanation for near-miss events occurring
during hospitalization. Cases that occurred after admission could also be related to the severity
of the cases.

This study has many strengths. The study is the first of its kind in Ethiopia to document the
incidence and causes of maternal near-miss using the newly developed WHO case identifica-
tion criteria. Prospective case identification was used for a consecutive period of one year.
Identifying cases prospectively over a longer period of time enabled us to avoid missing impor-
tant variables, which is a drawback of most previous retrospective studies. Collecting data over
alonger period of time can also help to gather a representative sample. In using the WHO cri-
teria, we were able to determine which of the criteria were mainly applicable to the study
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hospitals. The use of a standardized WHO data abstraction tool to abstract data was also one
of the strengths of the study, which might also have had its own implications for the quality of
the study.

However, our study had certain limitations. The follow-up time used by the WHO to define
maternal near-miss has a duration of 42 days postpartum. However, because of logistic and
feasibility concerns, our follow-up time was limited to only the length of the hospital stay. This
might have caused us to underestimate the magnitude of maternal near-miss. The study also
failed to abstract all maternal near-miss indicators such as the interventions provided for
maternal near-miss women, which are important components of quality of care. The other
limitation of the study was that our study was carried out only in public health facilities.
Hence, it does not represent cases of maternal near-miss that occur in private health facilities.

Conclusion

The study demonstrated a lower maternal near-miss incidence ratio compared to previous
country-level studies. Underlying and contributory causes of maternal near-miss are still prev-
alent. Evidence-based interventions designed to optimize the intra-partum management of
life-threatening obstetric complications, specifically hypertensive disorders and obstetric hem-
orrhage, could reduce the occurrence of maternal near-miss problems occurring during hospi-
talization. The majority of the near-miss cases happened before the women’s arrival at the
participating hospitals, which underscores the importance of eliminating the pre-hospital bar-
riers. Hence, further research is recommended to explore those barriers.
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Abstract

Background: Ethiopia is one of the sub-Saharan Africa countries with the highest maternal mortality. Maternal
near-misses are more common than deaths and statistically stronger for a comprehensive analysis of the
determinants. The study aimed to identify the factors associated with maternal near-miss in selected public

hospitals of Addis Ababa, Ethiopia.

Methods: We conducted a nested case-control study in five selected public hospitals of Addis Ababa, Ethiopia
from May 1, 2015 to April 30, 2016. Participants were interviewed by well-trained data collectors using pre-tested
questionnaire. Medical records were also reviewed to gather relevant information. World Health Organization
criteria were used to identify maternal near-miss cases. A total of three controls matched for age and study area
was selected for each maternal near-miss case. Bivariate and multivariable conditional logistic regressions were

performed using Stata version 13.0.

Results: A total of 216 maternal near-miss cases and 648 controls were included in the study. The main factors
associated with maternal near-miss were: history of chronic hypertension (AOR = 10.80,95% Cl; 5.16-22.60), rural
residency (AOR = 10.60,95% Cl;4.59-24.46), history of stillbirth (AOR =6.03,95% Cl;2.09-17.41), no antenatal care
attendance (AOR =5.58,95% (l;1.94-16.07) and history of anemia (AOR = 5.26,95% Cl;2.89-9.57).

Conclusions: There is a need for appropriate interventions in order to improve the identified factors. The factors
can be modified through a better access to medical and maternity care, scaling up of antenatal care in rural areas,
improve in infrastructure to fulfill referral chain from primary level to secondary and tertiary health care levels, and

health education to pregnant women.

Keywords: Maternal near-miss, Risk factors, Nested case-control, Public hospitals, Addis Ababa, Ethiopia

Background

In September 2015, the United Nations (UN) General
Assembly formally approved a set of 17 Sustainable
Development Goals (SDG) as a follow-up to Millen-
nium Development Goals (MDG). Improving maternal
health remains an important topic of SDG which is to
reduce the global Maternal Mortality Ratio (MMR) to
less than 70 per 100,000 live births by 2030 [1].
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According to the World Health Organization (WHO),
the United Nations Children’s Fund (UNICEF), the
United Nations Population Fund (UNFPA), the World
Bank Group and the United Nations Population
Division (2015) estimate, globally, 303,000 maternal
deaths occurred in 2015 with sub-Saharan Africa alone
accounts for 66% of the deaths [2].

Ethiopia is one of the sub-Saharan Africa countries
with the highest rate of maternal mortality. According to
the Ethiopian Demographic and Health Survey (EDHS)
report, it was 676 per 100,000 live births in 2011 and the
2016 EDHS documented 412 deaths per 100,000 live
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births [3, 4]. The government of Ethiopia has made dif-
ferent strategies to lower the rate of maternal mortality.
For instance, the members of women’s association of
Ethiopia were trained to address social and structural
barriers to sexual, reproductive, maternal and newborn
health [5]. In addition to this, there was societal level
poverty reduction, hospital level allocation of resources,
improving skilled birth attendance and reducing home
births [5, 6]. Despite all these efforts, there is no signifi-
cant decline in maternal mortality in the country, where
only 27.7% of women received delivery care from skilled
provider [3]. Hence, there is a need to assess the possible
factors that contributed to maternal mortality. However,
maternal deaths are uncommon per each health facility.
Thus, in this situation, studies on maternal near-miss
could serve as a proxy for maternal death to evaluate
quality of obstetric care in particular health institutions
[7, 8]. Assessing near-miss has an advantage over mater-
nal death as near-misses are more common and statisti-
cally robust [7, 8]. A maternal near-miss is defined by
the WHO as ‘a woman who nearly died but survived a
complication that occurred during pregnancy, childbirth
or within 42 days of termination of pregnancy’ [9].

Different literatures on maternal near-miss around the
globe revealed different factors. Advanced maternal age,
race, lower socio-economic status, rural residence, less
or no antenatal care (ANC) follow-up, multiple pregnan-
cies, nulliparous, multiparous, previous cesarean section
delivery, pre-existing medical conditions, overweight and
underweight were documented as factors for maternal
near-miss [10-18].

The factors associated with maternal near-miss are not
well documented in Ethiopia. Few previous published
studies conducted in the country relied on patient rec-
ord to assess predictors of maternal near-miss. Hence,
these studies might have limitations of bias due to
incompleteness and poor quality of the data at the health
facility [19, 20]. However, the current study did not rely
on the available hospital secondary data. The aim of this
study was to identify the factors associated with mater-
nal near-miss in selected public hospitals of Addis
Ababa, Ethiopia.

Methods

Study settings and period

We conducted a study in five selected public hospitals of
Addis Ababa, capital of Ethiopia from May 1, 2015 to
April 30, 2016. The selection of hospitals was based on
the number of deliveries conducted per year. In addition,
presence of an Intensive Care Unit (ICU), maternity
ward, blood transfusion service and availability of
cesarean section (CS) delivery were considered in the
selection of hospitals. Accordingly, Tikur Anbessa, St.
Paul’s Hospital Millennium Medical College, Zewditu
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Memorial, Yekatit 12 and Gandhi Memorial Hospitals
were selected. A total of 29,697 live birth deliveries took
place in the participating hospitals during the study
period. The details of settings with location map has
been described elsewhere [21].

Study design
A nested case-control study design, matched for age and
study setting was employed. Age was categorized in five
year interval. Participants were followed from admission
till discharge.

Inclusion criteria of cases

Women who were admitted to the selected hospitals
during the study period for treatment of pregnancy-
related complications (irrespective of gestational age),
who delivered, or were within 42 days of termination of
pregnancy, and fulfilled at least one of the conditions
that is indicated in the WHO criteria presented in
Table 1 [9] were included as cases.

Exclusion criteria of cases

Those women who have been admitted for reasons not
related to pregnancy, delivery or 42 days after termin-
ation of pregnancy were excluded.

Selection of controls

Women who came to the same hospital where the cases
happened and, having a similar age- interval category
with that of the cases and delivered without any compli-
cations were enrolled as a control. For each near-miss
case, three controls that occurred within the same day of
the near-miss event were included.

Sample size determination

The sample size was estimated using Epi Info 7 software
using sample size determination for unmatched case-
control studies. The parameters that were used to esti-
mate the sample size were: confidence level of 95%,
power of 80%, case-control ratio of 1:3, expected fre-
quency of exposure in control to be 4.11%, and percent
exposure among cases, 10.78%. It was estimated from
one study in Ethiopia taking no ANC follow-up as one
of the main exposure variable for maternal near-miss
that provide the maximum sample size [20]. Accord-
ingly, these yield a minimum sample size of 166 cases
and 497 controls. Adding a 10% non-response rate, the
final sample size required for the study was 183 cases
and 547 controls. To increase the power of the study, all
cases observed during one year period (collected for a
different objective to determine the incidence of mater-
nal near-miss, which was described elsewhere) [21],
along with the corresponding three controls were
included in the study.
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Table 1 Identification criteria of maternal near-miss as used by the WHO 2011

Dysfunctional system Clinical criteria

Laboratory markers Management based proxies

Shock
Cardiac arrest

Cardiovascular

Respiratory Acute cyanosis

Gasping

severe tachypnea (respiratory rate
> 40 breaths per minute)

severe bradypnea (respiratory

rate < 6 breaths per minute)

Renal Oliguria non-responsive to

fluids or diuretics

Coagulation/hematological Failure to form clots

Hepatic Jaundice in the presence of
pre-eclampsia

Neurological Prolonged unconsciousness (lasting
212 h)/coma (including metabolic
coma), stroke, uncontrollable
fits/status epileptics, total paralysis

Uterine

Use of continuous vasoactive
drugs
Cardio pulmonary resuscitation

severe hypo perfusion
(lactate >5 m mol/I or

> 45 mg/dl)

severe acidosis (pH < 7.1)

Intubation and ventilation not
related to anesthesia

severe hypoxemia (02
saturation < 90% for
260 min or PAO2/FiO2
< 200)

Severe

acute azotemia (creatinine
2300 pmol/ml

or 23.5 mg/dl)

Dialysis for acute renal failure

Massive transfusion of blood or
red cells (=5 units)

severe acute
thrombocytopenia
(< 50,000 platelets/ml)

severe acute
hyperbilirubinemia
(bilirubin > 100 umol/I or
> 6.0 mg/dl)

Uterine hemorrhage or infection
leading to hysterectomy

Data collection

Women with a maternal near-miss condition and those
without any complications during delivery were
interviewed by a well-trained midwives and nurses using
structured questionnaire. In addition, medical records
were reviewed to gather relevant information.
Information on socio-economic and demographic char-
acteristics, reproductive health and obstetric history, and
pre-existing medical conditions of the women were
obtained from the participant’s record. The question-
naires were prepared following a thorough review of
literatures. Obstetrics and Gynecology Ward, ICU and
Emergency Gynecology Outpatient Department (OPD)
of each hospital were visited to collect data. The ques-
tionnaires were pre-tested prior to the commencement
of data collection to determine the appropriateness of
the tool. Data collectors were given a three day training
in order ensure consistency of data collection.

Data analysis

The data were entered using Epi Info 7 software and
analyzed using Stata version 13.0. The data were cleaned
before analysis. The outcome variable of the study was
maternal near-miss. The independent variables which
were identified from literatures includes: (i) socio-
economic and demographic characteristics (educational
level, place of residence, ethnicity, religion, marital

status, maternal occupation), (ii) reproductive health and
obstetric history of the women (antenatal care booking,
parity, history of caesarian section delivery, multiple
pregnancies, history of abortion, history of stillbirth,
early marriage, female genital cutting) and (iii) pre-
existing medical conditions (previous hypertension,
previous anemia, human immunodeficiency virus (HIV),
history of cardiac problems, history of diabetes mellitus
(DM)).

Bivariate logistic regression was performed to examine
whether there is a significant association between each
individual independent variable and maternal near-miss.
For each individual variable, the P-value, and unadjusted
odds ratio (OR) with its 95% confidence interval, and
the number and proportion of each variable of case and
control were calculated.

Multivariable conditional logistic regression model
was used to examine the independent effect of the
factors on the occurrence of maternal near-miss. The
variables that were mentioned as factors of maternal
near-miss in our literature review were classified as
either distant or proximate factors. Socio-economic and
demographic variables were taken as a distant factors.
Whereas, the rest such as, reproductive health and
obstetric history of the women and pre-existing medical
conditions were considered as proximate factors. Since
distant factors are conceptually related with the
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proximate factors for the occurrence of maternal near-
miss, hierarchical model for the analysis is recom-
mended [22]. Based on this hierarchical order, we have
developed two models. All socio-economic and demo-
graphic variables with p< 0.2 in the bivariate logistic
regression analysis were fitted with model 1. Those vari-
ables that were significant in model 1 (p< 0.05) were
fitted with model 2. Model 2 contained those significant
variables from model 1 and proximate variables. For
each model and variables their adjusted OR, its 95% CI
and P-value were calculated.

The model fitness was estimated using stata’s fitstat
command. Good fit was indicated by a significance value
less than 0.05. Both models which were used to deter-
mine the factors associated with maternal near-miss
were shown to be significant (p < 0.0001), which shows
the models were best fit.

Multicollinearity among independent variables was
assessed by calculating variance inflation factors (VIF).
No multicollinearity was suggested during the current
analysis as all the calculated VIF were less than 10.

We also defined some of the important independent
variables. Educational level was categorized into illiterate
(no formal education), primary (grade 1-8), secondary
(grade 9-12), and higher education (>12). Antenatal
care visit was considered to be present if a woman
reported to have ANC during current pregnancy.
Monthly income was categorized into the lowest 25 per-
centile (below 68 USD), between 25 and 75 percentile
(68—181 USD), and above 75 percentile (greater than
181 USD). Marriage before age of 18 was considered as
early (based on jurisdiction). Pre-existing medical condi-
tions such as chronic hypertension, anemia, HIV,
maternal cardiac disease and DM were considered as
present if the women reported their presence before the
current pregnancy.

Results

Characteristics of the participants

During the one-year period, a total of 238 maternal
near-miss cases were reported in all participating
hospitals. However, 22 cases were excluded because of
incomplete data. Hence, the study included 216 maternal
near-miss cases and 648 corresponding controls.

Women with maternal near-miss tended to be illiterate
(P< 0.0001), never married (p=0.011), reside in rural
area (p<0.0001), and had a less monthly income (p <
0.0001) compared to controls (Table 2).

Compared to the control groups, women with mater-
nal near-miss case were more often did not attend ANC,
have greater than five children, have a history of
stillbirth and experienced an early marriage, all statisti-
cally significant (p <0.05). However, there were no
statistically significant difference between cases and
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controls with regard to presence of previous caesarean
section delivery, history of abortion and undergoing a
female genital cutting (Table 2).

Cases and controls also differed significantly with
regard to the presence of previous medical conditions
such as chronic hypertension, anemia, and cardiac prob-
lems. However, a significant difference was not observed
among the two groups with regard to the presence of
HIV and DM (Table 3).

Determinants of maternal near-miss

In order to know the factors associated with maternal
near-miss, two models were used in a multiple conditional
logistic regression analysis. Model one contained five vari-
ables which were significant in bivariate analysis (educa-
tional level, place of residence, ethnicity, marital status
and monthly income). However, the result of the first
model showed that only place of residence was found to
be associated with maternal near-miss (Table 4). The sec-
ond model contained eleven variables and five variables
remained significant. The factors associated with maternal
near-miss in the second model were: history of chronic
hypertension (AOR =10.80,95% CI; 5.16-22.60), rural
residency (AOR =10.60,95% ClL;4.59-24.46), history of
stillbirth  (AOR=6.03,95% CI[;2.09-17.41), no ANC
attendance (AOR = 5.58,95% CI;1.94-16.07) and history of
anemia (AOR=5.26,95% CI;2.89-9.57) (Table 5). How-
ever, the study did not find that female genital cutting was
a determinant factor for maternal near-miss.

Discussion

History of chronic hypertension, rural residency, history
of stillbirth, no antenatal care attendance and history of
anemia were found to be correlated with the occurrence
of maternal near-miss.

Among all characteristics, presence of previous
chronic hypertension showed the strongest risk factor
for the development of maternal near-miss. Women
with chronic hypertension are at increased risk for
several pregnancy complications which includes: pre-
eclampsia, placental abruption, intrauterine growth
retardation, CS delivery and pre-term delivery [23]. The
finding was consistent with other studies. A study done
in Nigeria reported a sevenfold increased risk of mater-
nal near-miss in women with presence of previous
chronic hypertension [15]. The observation was also
similar to other studies in which the risk of maternal
near-miss was higher among women with pre-existing
hypertension [24, 25].

Another strong risk factor for maternal near-miss
reported in the current study was place of residence.
Accordingly, those women who reside in the rural area
have higher odds of developing maternal near-miss. A
similar finding was also reported in another study in



Liyew et al. BMIC Women's Health (2018) 18:28

Page 5 of 9

Table 2 Distribution of selected socio-economic, demographic, reproductive health and obstetric characteristics of women with and

without maternal near-miss in Addis Ababa, Ethiopia, 2016

Near-miss (n=216) Controls (n = 648) COR (95% Cl) P-value
Characteristics n (%) n (%)
Educational level
Illiterate 61 (30.0) 75(11.7) 3.28 (1.85-5.84) <0.0001
Primary 63 (31.0) 214 (334) 1.23 (0.70-2.15) 0470
Secondary 57 (28.1 256 (39.9) 091 (0.52-1.57) 0.724
Higher 22 (10.8) 96 (15) 1.00
Place of residency
Urban 159 (73.6) 634 (97.8) 1.00
Rural 57 264) 14 (2.2) 13.0 (7.12-23.8) <0.0001
Marital status 0.01
Married 200 (92.6) 627 (96.8) 1.00
Never married 16 (7.4) 21 (3.2 2.38 (1.22-4.65) 0.011
Monthly income
>68 USD 81 (37.5) 111 (17.1) 2.19 (1.43-3.34) < 0.0001
68-181 USD 74 (34.3) 370 (57.1) 0.54 (0.36-0.79) 0.002
> 181 USD 61 (282) 167 (25.8) 1.00
Received ANC
Yes 183 (84.7) 638 (98.5) 1.00
No 33 (15.3) 10 (1.5) 10.8 (5.16-22.6) <0.0001
Number of children
0-2 171 (79.2) 527 (81.3) 0.99 (0.63-1.56) 0.985
3-4 34 (15.7) 110 (17) 1.00
>5 11 (5.1) 110.7) 3.53 (1.34-9.27) 0.010
Undergone FGC
Yes 135 (64.6) 383 (59.6) 0.89 (0.59-1.33) 0225
No 74 (354) 260 (40.4) 1.00
History of stillbirth
Yes 2109.7) 2132 3.45 (1.79-6.68) <0.0001
No 195 (90.3) 627 (96.8) 1.00
Early marriage
Yes 43 (21.5) 90 (14.5) 1.97 (1.21-3.19) 0.006
No 157 (78.5) 532 (85.5) 1.00

Bold data are those which are significant and their significance is indicated by the P-values expressed at the right end of each ORs

Ethiopia [20]. Studies from Bolivia and Brazil also
documented a similar finding [12, 26]. Women from
rural area might walk longer to access health services.
Particularly when maternal complications occurred, her
chance of getting appropriate health care on time might
be minimized which in turn increase her chance of
morbidity.

Additionally, we found that presence of previous still-
birth in women was an important risk factor for mater-
nal near-miss. After a stillbirth infant, women may
experience different psychological as well as relational
problems which might in turn increase the risk of

maternal complications in subsequent pregnancies. The
link between maternal chronic hypertension and still-
birth may also be an alternative explanation [23]. Hence,
women who had a stillbirth might have a history of
chronic hypertension, and thereby increase the odds of
maternal near-miss. Todd et al. in their study on corre-
lates of severe acute maternal morbidity in Kabul also
demonstrated that prior stillbirth is a risk factor for
maternal near-miss [27].

The study also showed that the odds of maternal near-
miss was higher among those women who fail to attend
ANC. Different evidences showed that ANC is effective to
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Table 3 Distribution of selected previous medical conditions of cases and controls in Addis Ababa, Ethiopia, 2016
Near-miss (n=216) Controls (n = 848) COR (95% Cl) p-value
Characteristics n (%) n (%)
Previous hypertension
Yes 56 (25.9) 16 (2.5) 13.3 (7.16-24.9) < 0.0001
No 160 (74.1) 632 (97.5) 1.00
Previous anemia
Yes 73 (33.8) 64 (9.9) 4.66 (3.12-6.95) < 0.0001
No 143 (66.2) 584 (90.1) 1.00
History of cardiac problem
Yes 11 (5.1) 5(08) 6.6 (2.29-18.9) < 0.0001
No 205 (94.9) 643 (99.2) 1.00

Bold data are those which are significant and their significance is indicated by the P-values expressed at the right end of each ORs

Table 4 Factors associated with maternal near-miss in model
one multiple conditional logistic regression analysis, Addis

Ababa, Ethiopia, 2016

Model 1
AOR (95% Cl) p-value
Characteristics
Place of residence
Rural 6.86 (3.42-13.76) <0.0001
Urban 1
Educational level
llliterate 1.91 (0.95-3.83) 0.068
Primary 1.29 (0.68-2.45) 0429
Secondary 1.12 (0.62-2.04) 0.699
Higher 1.00
Ethnicity
Amhara 1.00
Oromo 1.32 (0.82-2.13) 0.248
Gurage 0.66 (0.37-1.21) 0.178
Tigre 1.01 (041-247) 0.975
Silte 0.92 (0.36-2.36) 0.867
Other 0.86 (0.39-1.89) 0.708
Marital status
Married 1.00
Never married 121 (0.54-2.72) 0.642
Monthly income
<68 USD 1.62 (0.95-2.77) 0.075
68-181 USD 0.65 (042-1.02) 0.061
> 181 USD 1.00

Table 5 Factors associated with maternal near-miss in the last
model multiple conditional logistic regression analysis, Addis
Ababa, Ethiopia, 2016

Model 2
AOR (95% Cl) p-value
Characteristics
Place of residence
Rural 10.60 (4.59-24.46) <0.0001
Urban 1
Received ANC
Yes 1
No 5.58 (1.94-16.07) 0.001
Number of children
0-2 2.16 (0.09-5.28) 0.09
3-4 1
>5 4.27 (0.65-27.98) 0.13
History of still birth
Yes 6.03 (2.09-17.41) 0.001
No 1
Early marriage
Yes 1.35 (0.66-2.76) 0411
No 1
Previous hypertension
Yes 10.80 (5.16-22.60) < 0.0001
No 1
Previous anemia
Yes 5.26 (2.89-9.57) < 0.0001
No 1
History of cardiac problem
Yes 3.17 (0.59-16.81) 0.175

No 1

Bold data are those which are significant and their significance is indicated by
the P-values expressed at the right end of each ORs

Bold data are those which are significant and their significance is indicated by
the P-values expressed at the right end of each ORs
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identify pre-existing factors that could increase the risk of
complications during pregnancy or delivery [28, 29]. Pro-
tective effect of ANC attendance for maternal near-miss
event was also noted in other study too [15]. No ANC
attendance could also be associated with some of the iden-
tified risk factors of maternal near-miss in the current
study such as history of stillbirth and rural residency.
However, we have checked the interaction among these
variables, and no interaction was noted.

It was also observed that women with a history of
anemia have higher odds of maternal near-miss than
those without a prior history of anemia. Untreated
anemia can lead to post-partum hemorrhage and
hypovolemic shock and is a common cause of adverse
maternal outcomes [30]. The higher risk of maternal
near-miss for women with a prior history of anemia has
also been identified in previous studies [14, 31].

Our study did not find that female genital cutting
(FGC) was a determinant factor for maternal near-miss
events. However, in a WHO multi-center study of female
genital cutting, adverse obstetric outcomes were more
frequent among cut than uncut women [32]. The pos-
sible reason for not getting a significant result in our
study might be the fact that the study being underpow-
ered for this specific factor.

This study is the first of its kind in Ethiopia to docu-
ment the factors associated with maternal near-miss
using the newly developed WHO case identification cri-
teria. The use of nested case-control study design had
also the advantage of ascertaining cause-effect relation-
ship than a cross-sectional study. The cases and controls
were also identified and interviewed prospectively, which
helped us to avoid missing important confounding
variables. To increase the power of the study, all cases
observed during one-year period (collected for a differ-
ent objective to determine the incidence of maternal
near-miss) along with the corresponding three controls
were included in the study. Potential sources of biases
were also addressed in the current study. For instance,
to minimize recall bias, we have taken hospital controls.
Hence, the controls were more aware of the antecedent
exposure so that there were equivalent degree of recall
among cases and controls. In addition, cases and con-
trols were interviewed when they became healthy near
to their discharge time. To minimize bias related to
measurements, the standardized WHO criteria were
used to identify maternal near-miss cases. Furthermore,
adequate training was given to data collectors, and there
were strict supervision.

As the study was restricted only in public hospitals,
it does not represent cases of maternal near-miss
happened in private health facilities. The puerperium
period defined by the WHO to define maternal near-
miss lasts for 42 days post-partum. However, we
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followed the participants only till hospital discharge.
Hence, we were unable to investigate the occurrence
of other events such as maternal death occurred after
maternal discharge. This might also underestimate the
number of maternal near-miss cases reported during
the study period.

Conclusions

History of chronic hypertension, rural residency, prior
stillbirth, no antenatal care attendance and presence of
prior anemia were the factors independently associated
with the occurrence of maternal near-miss. Interventions
aimed at improving better access to medical care for
pregnant women with a history of chronic hypertension
have a paramount importance. Health care professionals
need to carefully plan and manage women with prior
chronic hypertension. In addition, there is a need for
counseling a pregnant woman about the risk of chronic
hypertension during routine antenatal care visit.
Strengthening the available health system in rural part of
the country with focus on maternity service is also a cru-
cial step to avert serious maternal complications. Scaling
up of antenatal care in rural areas might have also a role
to reduce obstetric risks among pregnant women. An
effort to improve in infrastructure could also enhance
referral chain from primary level to secondary and
tertiary facility-level. Additionally, education of women
on the importance of nutrition during pregnancy and
supplementation of iron for pregnant women during
ANC visits are important steps to avert critical morbid-
ity experience related to anemia. It is also recommended
to evaluate the underlying cause of anemia among
pregnant women.
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Abstract

Background: Presence of maternal near-miss conditions in women is strongly associated with
the occurrence of adverse perinatal outcomes, but not well-understood in low-income countries.
The study aimed to ascertain the effect of maternal near-miss on the risk of adverse perinatal

outcomes in Ethiopia.


mailto:ewnetuliyew@gmail.com

Methods: A prospective cohort study was conducted in five public hospitals of Addis Ababa,
Ethiopia. Women admitted from May 1, 2015 to April 30, 2016 were recruited for the study. We
followed a total of 828 women admitted for delivery or treatment of pregnancy-related
complications along with their singleton newborn babies. Maternal near-miss was the primary
exposure and was ascertained using the World Health Organization criteria. Women who
delivered without complications were taken as the non-exposed groups. The main outcome was
adverse perinatal outcomes. Data on maternal near-miss and perinatal outcomes were abstracted
from medical records of the participants. Exposed and non-exposed women were interviewed by
well-trained data collectors to obtain information about potential confounding factors. Logistic
regressions were performed using Stata version 13.0 to determine the adjusted odds of adverse

perinatal outcomes.

Results: A total of 207 women with maternal near-miss and 621 women with uncomplicated
delivery were included in the study. After adjusting for potential confounders, women with
maternal near-miss condition had more than five-fold increased odds of adverse perinatal
outcomes compared to women who delivered without any complications (AOR=5.69: 95% ClI;
3.69 — 8.76). Other risk factors that were independently associated with adverse perinatal

outcomes include: rural residence, history of prior stillbirth and primary educational level.

Conclusions: Presence of maternal near-miss in women is an independent risk factor for adverse
perinatal outcomes. Hence, interventions rendered at improvement in maternal health of Ethiopia

can lead to an improvement in perinatal outcomes.

Keywords: Maternal near-miss, adverse perinatal outcomes, prospective cohort study, public

hospitals, Addis Ababa, Ethiopia.



Background

Maternal near-miss is defined by the World Health Organization (WHO) as ‘a women who
nearly died but survived a complication during pregnancy, childbirth or within 42 days of

termination of pregnancy’[1].

Several studies have shown that the presence of maternal near-miss conditions in women is
strongly associated with the occurrence of adverse perinatal outcomes such as stillbirth, preterm
birth, low birth weight, early neonatal mortality, birth asphyxia, and admission to a Neonatal
Intensive Care Unit (NICU) [2-7]. For instance, a study by Souza et al. in their multi- country
study in eight Latin American countries highlighted that the occurrence of maternal near-miss in
women is associated with low birth weight, stillbirth, admission to neonatal ICU and neonatal
mortality [7]. Another study from Brazil reported that fetal and neonatal deaths, low birth
weight, severe birth asphyxia and prematurity were higher among women with maternal near-
miss compared to women who delivered without complications [4, 6]. Similarly, a study from
Nigeria reported a four-fold risk of stillbirth and a three-fold risk of low birth weight infant
among women with maternal near-miss conditions compared to women who delivered without

complications [5].

Many previous studies on the association between maternal near-miss and adverse perinatal
outcomes were either cross-sectional or case-control which are subjected to information bias [2,
5, 7]. Majority of the studies also used hospital records to abstract potential maternal
characteristics which leads to lack of data on important confounding variables [4, 6]. These
confounders may be alternative explanations for an observed association between exposure and

outcome variables. Thus, it was not clear whether the adverse perinatal outcomes were due to



confounding or because of maternal near-miss [4, 6]. Up-to-date information on the effect of
maternal near-miss on the risk of adverse perinatal outcomes is important to know the area of
interventions that help to improve perinatal health of the country (Ethiopia). Nevertheless,
studies that quantify the effect of maternal near-miss on adverse perinatal outcomes are rare in
Ethiopia. Hence, the findings of the current study are important to fill the knowledge gap, and it
may provide reliable evidence for policy makers, programmers and health practitioners to

improve perinatal health of Ethiopia.

Methods

Study settings, design and period

A prospective cohort study was conducted in five public hospitals of Addis Ababa, capital of
Ethiopia, from May 1, 2015 to April 30, 2016. The selected hospitals are the major referral
hospitals in Ethiopia and provide specialized care both for the mother and neonate. All hospitals
have obstetric and neonatal ICU and are responsible for a total of 29,697 live birth deliveries per

year. The details of settings with location map have been described elsewhere [8].

Cohort selection, recruitment and exclusions

Women who developed maternal near-miss were the exposure group. Hence, all women admitted
for delivery to the participating hospitals during the study period and fulfilled at least one of the
WHO criteria were included as exposed group [1]. Women who delivered without any
complications were enrolled as non-exposed group. The controls were selected based on the age-
interval category and delivered on the same day of the near-miss event. The details of non-

exposed (control) selection has been described elsewhere [9]. The study excluded any women



with maternal near-miss that was admitted to the participating hospital for the reason of abortion
or ectopic pregnancy as this may not result in viable fetus to assess perinatal outcomes. In
addition, those women with maternal near-miss who delivered at another facility (outside the
included hospitals) were also excluded as it was difficult to know the perinatal outcomes. We
have also excluded women with multiple pregnancies. A total of 31 women were excluded from

the study.

Outcome measure

The primary outcome of interest was adverse perinatal outcomes and was categorized as
presence or absence of it. Adverse perinatal outcomes were defined as the presence of either of
the following: stillbirth, low birth weight, preterm birth, admission to neonatal ICU and first
minute birth asphyxia. Stillbirth was defined as a newborn with no signs of life at or after 28
completed weeks of pregnancy. Low birth weight was defined as a newborn weight below 2500
gram. Preterm birth is a baby born alive before 37 completed weeks of gestation but after 28
weeks of gestation. Gestational age was determined on the basis of last menstrual period and
ultrasound measures were taken when prediction by last menstrual period was not possible. In
order to grade the severity of perinatal asphyxia in newborn, Apgar score was used. The score

below 7 at the first minute of life were considered as having first minute birth asphyxia.

Potential confounders

The following variables were taken as potential confounders: (1) socio-economic and
demographic characteristics of the women such as age, educational level, marital status, monthly

income, (2) reproductive health and obstetric history of the women such as ANC status, number



of children, history of stillbirth, early marriage, (3) pre-existing medical conditions such as
previous chronic hypertension, previous anemia and history of cardiac problems. The details of

main confounders and their measure have been described elsewhere [9].

Sample size determination

The sample size was estimated using Epi Info 7 software using sample size determination for
cohort studies. The parameters that were used to estimate the sample size were: confidence level
of 95%, power of 80%, exposed to non-exposed ratio of 1:3, expected prevalence of outcome in
non-exposed group 6%, and prevalence of outcome in exposed group to be 22.2%. It was
estimated based on one study in Nigeria taking prevalence of birth asphyxia among exposed and
non-exposed women to maternal near-miss [5]. Adding a 10% loss rate, the final sample size
required for the study were 55 exposed and 165 non-exposed women; a total of 220 women.
However, the current study was part of a larger study which required larger sample size. Thus,
all available participants were considered in the current analysis to increase the power of the

study.

Data collection

Information on still/live birth, birth weight, gestational age, Apgar score at 1% minute and
admission to neonatal ICU were extracted from the medical records of both exposed and non-
exposed women. The records were made during childbirth by health care professionals working
in the delivery ward. At the end of childbirth, well-trained nurses and midwives extracted
perinatal information for singleton babies using the data abstraction tool adapted from WHO [1].

Maternal near-miss data were also abstracted from medical record of the participants using the



WHO data abstraction tool [1]. To know other potential confounders of adverse perinatal
outcomes, both exposed and non-exposed women were interviewed using pre-tested structured
questionnaires. The participants were interviewed when they became healthy near to their
discharge time. The details of questionnaire preparation and maternal near-miss assessment were

explained elsewhere [8, 9].

Data analysis

The data were entered using Epi Info 7 software and analyzed using Stata version 13.0. Cleaning
of the data was performed prior to analysis. To see whether there is a statistically significant
difference between exposed and non-exposed women with regard to selected categorical
variables, chi-square tests were performed. Continuous variables were summarized using the
median and Mann-Whitney U test was used for comparison between groups. The statistical
significance was set at p < 0.05. In order to know the crude association between maternal near-
miss and adverse perinatal outcomes, crude odds ratio (COR) of adverse perinatal outcomes with
95% confidence interval (CI) were calculated among exposed and non-exposed women. In
addition, P-value and crude odds ratio with 95% CI were calculated for each potential
confounding variable to evaluate the crude association between potential risk factors and adverse
perinatal outcomes. The number and proportion of the outcome variable with regard to exposure
status were also calculated. Those variables with p < 0.2 from the bivariate analysis were

considered for binary logistic regression.

Logistic regression analysis was performed to see the effect of maternal near-miss on adverse

perinatal outcomes while controlling for potential confounders. Adjusted odds ratios (AOR) with



95% CI were calculated for each independent variable to see the adjusted association between

exposure variables and adverse perinatal outcomes.

Model fitness was assessed using Hosmer—Lemeshow goodness-of-fit tests. Poor fit was
indicated by a significance value less than 0.05. Because the significance value of the calculated
model in the current analysis was greater than 0.05, there was insufficient evidence of poor

model fit.

To check for the presence of multicollinearity among exposure variables, Stata’s estat vif
command was used to calculate the variance inflation factors (VIF) for each exposure variable.
Possible multicollinearity was suggested if the largest VIF is greater than 10. As all the
calculated VIF of each exposure variable in our study was less than 10, no possible

multicollinearity was observed.

Results

During the one-year period, a total of 238 women with maternal near-miss were observed in the
five participating hospitals. However, 22 of them were at less than 28 weeks of gestation and 9
cases gave birth outside the participating hospitals. Hence, we finally considered and followed
207 women with maternal near-miss (exposed women) and 621 corresponding non-exposed

women (uncomplicated delivery group) as a cohort for final analysis.

Women exposed to maternal near-miss tended to be illiterate (p < 0.001), unmarried (p =

0.021), had less monthly income (p = 0.003) and more likely to reside in the rural area (p <



0.001) compared to non-exposed women. The two groups did not significantly differ in terms of

age (p = 0.673), religion (p = 0.676) and ethnicity (p = 0.054) (Table 1).

Compared to non-exposed women, majority of the exposed women were less likely to receive
ANC (p < 0.001) and more likely to have had more than five children (p = 0.013), a history of
stillbirth (p < 0.001) and married early (p = 0.041). There was no statistically significant
difference among the two groups with regard to the female genital cutting (FGC) status of the

women (p = 0.201) (Table 1).

Women with maternal near-miss were more likely to report a previous history of chronic

hypertension and cardiac problems (both p < 0.001) (Table 1).

Table 2 is about comparison of the adverse perinatal outcomes among exposed and non-
exposed women. From a total of 828 women delivered in the participating hospitals, 36.6% (95%
Cl:33.4% - 39.9%) of them end up in a wide range of adverse perinatal outcomes such as
stillbirth, preterm birth, low birth weight infant, birth asphyxia and admission to neonatal ICU.
The prevalence of adverse perinatal outcomes was significantly higher among women who were
exposed to maternal-near miss compared to the non-exposed women, 72.9% (95% CI. 66.5% -
78.5%) versus 24.5% (95% CI1:21.3% - 28%) respectively, p < 0.001. Babies born from women
with maternal near-miss were more likely to be stillborn (p < 0.001), preterm (p < 0.001), of
lower birth weight (p < 0.001), admitted to neonatal ICU (p < 0.001) and tended to have had a

birth asphyxia in the first minute (p < 0.001) (Table 2).

A statistically significant difference in hospital stay was also observed between the two groups.
Women with maternal near-miss were more likely to have a longer median hospital stay of 6

days compared to non-exposed women with a median hospital stay of 1 day (p < 0.001).



Risk factors of adverse perinatal outcomes

After adjustment for potential confounders such as educational level, place of residence, monthly
income, ANC status, history of stillbirth, and presence of previous chronic hypertension, anemia,
and cardiac problems in a logistic regression analysis, the association between maternal near-
miss and adverse perinatal outcomes remained significant. The odds of developing adverse
perinatal outcomes among women who developed maternal near-miss was more than five times
higher than among women with no maternal near-miss (AOR= 5.69: 95% CI;3.69 — 8.76) (Table

3).

Educational level, place of residence and prior stillbirth delivery also remained independently
associated with adverse perinatal outcomes in logistic regression analysis. The effect of maternal
near-miss on adverse perinatal outcome was exacerbated when the women had a primary level of
education (AOR=1.89: 95% CI; 1.07 — 3.34), resided in rural areas, (AOR=2.16: 95% CI; 1.03 —

4.53) and had a history of stillbirth (AOR=2.39; 95% CI; 1.12 — 5.10) (Table 3).

Discussion

The main finding of the study is that the presence of maternal near-miss is a risk factor for
adverse perinatal outcomes independent of educational level, place of residence, monthly
income, ANC follow-up, history of stillbirth, and presence of previous hypertension, anemia and

cardiac problems.
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Higher risk of adverse perinatal outcomes such as stillbirth, low birth weight, preterm birth,
admission to neonatal ICU, birth asphyxia and early neonatal mortality were also observed
among maternal near-miss women in studies conducted in Nigeria, Brazil and other 8 Latin
American countries [5-7]. The Nigerian study used case-control design and higher risk of poor
perinatal outcomes such as stillbirth and low birth weight infants were reported among women
with maternal near-miss compared to the control group [5]. Serious maternal complications
generally will lead to interventions which sometimes may also reduce gestational age and thus
lead to preterm birth and low birth weight. Unlike the present study, information on potential
confounders has been obtained from the medical records in other studies [6, 7]. Hence, the
previous studies might be subjected to information bias due to incompleteness and poor quality
of secondary data at the health facility. A woman with maternal near-miss could develop severe
conditions which include eclampsia, anemia, ante-partum hemorrhage and placenta praevia
among others. These severe conditions can affect the fetus, for example, through placental
insufficiency leading to intrauterine growth restriction (IUGR). Preeclampsia, for instance, is
associated with IUGR and prematurity [10]. IUGR is associated with distress and asphyxia and is
the second cause of perinatal deaths [11, 12]. Studies also documented that preterm babies are
immature and more likely to be stillbirth, smaller, require an ICU and are a major cause of
neonatal mortality [13, 14]. Reduction in adverse perinatal outcomes among pregnant women
might be achieved through provision of proper ANC to early diagnose placental insufficiency.
The information is also important for health care providers to conduct different tests that detect
placental insufficiency. It also highlights the importance of treating the underlying maternal
conditions such as high blood pressure and anemia. It further signifies the importance of health

education for pregnant women on various issues such as frequent ANC visits and bed rest.
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The study also documented that women in rural locations were more likely to experience
adverse perinatal outcomes regardless of the near-miss status of the women. This is in agreement
with other studies [15, 16]. Studies shown that women residing in rural areas with no access to
obstetric care had to travel longer to get routine antenatal care and skilled birth attendance,
barriers associated with adverse perinatal outcomes [17, 18]. For instance, various studies
reported that higher numbers of low birth weight babies were seen in women who had irregular
ANC visits compared to women who had regular ANC checkups [19, 20]. Rural women are also
relatively disadvantaged in terms of their socio-economic status which could possibly increase
their risk of adverse perinatal outcomes. For example, rural women tend to have a lower

educational level and higher rate of poverty compared to urban women [21].

In this study, women who had prior stillbirth in preceding births were at higher risk of having
adverse perinatal outcomes than women without a history of stillbirth. Available evidence
suggests that women with stillbirth in their prior pregnancy were at higher risk of adverse
perinatal outcomes in subsequent pregnancies [22-27]. Another independent risk factor for
adverse perinatal outcomes was level of education. Women who had a primary level of education
had a higher risk of having adverse perinatal outcomes than those with a higher level of
education. Education enhances the health care seeking behavior of the women so that they can
effectively utilize maternal health care services when complications happen [28]. A growing
body of literature has revealed that lower levels of maternal education were associated with an

increased risk of variety of adverse perinatal outcomes [16, 25, 29-31].
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The study has several strengths. To our knowledge, this study is the first of its kind in Ethiopia
to document the effect of maternal near-miss on adverse perinatal outcomes using a prospective
cohort design. The study used the standard WHO criteria to assess maternal near-miss and hence,
we ascertained the exposure status. We studied a variety of perinatal outcomes which includes
stillbirth, preterm birth, birth weight, birth asphyxia and admission to neonatal ICU. We also
collected information on many confounding variables. To see the effect of adverse perinatal
outcomes among exposed and non-exposed groups, the effect of other possible determinants of
adverse perinatal outcomes were controlled during analysis. Furthermore, adequate training was
given to data collectors to obtain data in the same fashion which avoids the presence of bias
related to measurements. There was also no loss to follow-up in our study. Although there is a
considerable variation in severity among the different perinatal outcomes investigated in our
study, we opt to merge these outcomes. This is due to the fact that the sample size was not
sufficient to separately investigate the outcomes, thus merging increased the sample size and

minimized the role of chance.

Because of logistic and feasibility concerns, the study did not look for some of the important
perinatal outcomes such as neonatal mortality among women with maternal near-miss. The short
and long term maternal consequences of near-miss events were also not addressed in the current
study which calls for the importance of other big studies. Although near-miss includes events
within 42 days of termination of pregnancy, we followed women only to the length of hospital
stay because of logistic and feasibility concerns. Although the five minutes Apgar score is more
sensitive indicator of birth asphyxia, we have considered the one minute Apgar score in our

study.
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The study was conducted only in public hospitals. Hence, the pattern of adverse perinatal
outcomes among the two groups does not represent the larger group in the population. However,
the results of the study can be generalized to public hospitals in Addis Ababa, beyond those hospitals

included in the current study. Poor perinatal outcomes could be related to poor quality of care
around childbirth [32]. However, the study did not explore quality of care domains. Hence, we
recommend further studies to better understand challenges to quality of care for women and

newborns.

Conclusions

The study demonstrated that women with maternal near-miss complications during pregnancy
and delivery were more likely to have adverse perinatal outcomes. Hence, this suggests that
evidence-based interventions rendered at improvement in maternal health of Ethiopia can lead to

an improvement in perinatal outcome.
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Tables

Table 1 Distribution of selected variables among women with near-miss and uncomplicated

delivery women in selected five public hospitals, Addis Ababa, Ethiopia, May 1, 2015 to April

30, 2016

Near-miss group

Uncomplicated delivery

(n=207) group (n=621) *P-value
Characteristics n (%) n (%)
Educational level
Iliterate 57 (29.2) 75 (12.2) <0.001
Primary 62 (31.8) 201 (32.7) 0.323
Secondary 55 (28.2) 249 (40.5) 0.847
Higher 21 (10.8) 90(14.6)
Place of residence
Urban 153 (73.9) 608 (97.9)
Rural 54 (26.1) 13 (2.1) <0.001
Marital status
Married 192 (92.8) 600 (96.6)
Never married 15 (7.2) 21 (3.4) 0.021
Monthly income
> 68 USD 76 (36.7) 108 (17.4) 0.003
68 - 181 USD | 73 (35.3) 358 (57.6) 0.002
>181 USD 58 (28.0) 155 (25.0)
Received ANC
Yes 177 (85.5) 611 (98.4)
No 30 (14.5) 10 (1.6) <0.001
Number of children
0-2 164 (79.2) 507 (81.6) 0.855
3-4 32 (15.5) 103 (16.6)
>5 11 (5.3) 11 (1.8) 0.013
Undergone FGC
Yes 129 (64.5) 366 (59.4) 0.201
No 71 (35.5) 250 (40.6)

History of stillbirth
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Yes 20 (9.7) 20 (3.2) <0.001
No 187 (90.3) 601 (96.8)
Early marriage
Yes 41 (21.5) 90 (15.1) 0.041
No 150 (78.5) 506 (84.9)
Previous
hypertension
Yes 54 (26.1) 16 (2.6) <0.001
No 153 (73.9) 605 (97.4)
Previous anemia
Yes 70 (33.8) 63 (10.1) <0.001
No 137 (66.2) 558 (89.9)
History of cardiac
problems
Yes 11 (5.3) 5(0.8) <0.001
No 196 (94.7) 616 (99.2)

*Chi-square test was used to obtain the p-value
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Table 2 Prevalence of adverse perinatal outcomes among women with near-miss and
uncomplicated delivery women in selected five public hospitals, Addis Ababa, Ethiopia, May 1,
2015 to April 30, 2016

Groups
Uncomplicated ]
) Near-miss *P-value | COR (95 % CI)
delivery
(n=207)
(n=621)
Outcome
) No % No %
variables
Adverse
perinatal 152 24.5 151 72.9 <0.001 8.32 (5.82 - 11.89)
outcomes
Stillbirth 24 3.9 61 29.5 |<0.001 10.39 (6.27 — 17.23)
Preterm birth 48 7.7 84 40.6 | <0.001 8.15 (5.44 - 12.22)
Low Birth
) 50 8.1 82 39.6 |<0.001 7.49 (5.02 -11.19)
weight
Asphyxia at 1
) 73 11.8 119 57,5 |<0.001 10.15 (7.03 - 14.67)
min
Admitted to
52 8.4 61 29.5 |<0.001 4.57 (3.03-6.9)
**NICU

*Chi-square test was used to obtain the p-value

**NICU stands for Neonatal Intensive Care Unit
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Table 3 Maternal near-miss and odds of adverse perinatal outcomes in relation to other
confounding variables in selected five public hospitals, Addis Ababa, Ethiopia, May 1, 2015 to
April 30, 2016

Adverse perinatal

outcomes

COR (95% Cl)

*AOR (95% CI)

Characteristics

Maternal near-miss

Yes

8.32(5.82-11.89)

5.69(3.69-8.76)

No

1

1

Educational level

Iliterate 3.11(1.79-5.04) 1.56(0.80-3.04)
Primary 2.03(1.24-3.35) 1.89(1.07-3.34)
Secondary 1.37(0.83-2.26) 1.45(0.83-2.52)
Higher 1 1

Place of residence

Rural

7.74(4.21-14.21)

2.16(1.03-4.53)

Urban

1

1

Monthly income

<68 USD 1.89(1.26- 2.82) 1.21(0.73-1.98)
68 to 181 USD .77(.55- 1.09) 0.87(0.58-1.32)
> 181 USD 1 1
Received ANC
Yes 1 1
No 5.66(2.73- 11.75) 1.86(0.79-4.41)

History of stillbirth

Yes

3.43(1.76- 6.67)

2.39(1.12-5.10)

No

1

1

Previous hypertension
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Yes 3.49(2.09- 5.82)

1.24(0.66-2.32)

No 1

1

Previous anemia

Yes 2.05(1.41- 2.98)

0.98(0.61-1.57)

No 1

1

Previous cardiac problems

Yes 2.95(1.06- 8.21)

1.29(0.36-4.56)

No 1

1

* Single model was used to produce the AORs.
*Adjusted for the eight variables shown in the table.

Bold data are those which are significant
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