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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. Maternal near miss is said to have occurred when women presented with life threatening complication during pregnancy, child birth and within 42 days after delivery, but survive by chance or good institutional care. Investigating severe maternal morbidity (near-miss) is a newly recognized tool that identifies women at highest risk of maternal death and helps allocate resources especially in low income countries. Thus,this study is conducted with the aim of assessing the magnitude and causes of maternal near-miss in St. Paul’s Hospital Millennium Medical College, Addis Ababa, Ethiopia.
Methods: A cross-sectional study was conducted in the department of obstetrics and gynecology in St. Paul’s Hospital Millennium Medical College, a referral hospital in Addis Ababa, Ethiopia from January 1, 2020 G.C to June 30, 2020 G.C. There was consecutive entry of cases from records for all pregnant, recently delivered or aborted patients who appeared and were admitted to St. Paul’s Hospital Millennium Medical College in the study period. The World Health Organization (WHO) criteria were used to identify maternal near-miss cases. The number of maternal near-miss cases over six months period per 1000 deliveries occurring during the same study period was calculated to determine the incidence of maternal near-miss. For each case of near miss, data were collected on underlying causes of obstetric complications, type of organ-system dysfunction/failure and timing of near-miss event with respect to admission.
Results: During the six months study period, there were a total of 46 Near-miss cases and a total of 5095 live births in the hospital making the incidence of maternal near miss ratio 9.02 per 1000 live births. Majority (87%) of the near -miss cases occurred before arrival to the hospital and 13% cases were in hospital near-misses. The major causes of Near miss were hypertensive disorders of pregnancy and obstetric hemorrhage. Among the near miss cases,28.3%(13 cases) of them didn’t receive any ANC. 
Conclusions: majorityof the near-misses were before arrival to the hospital which shows the importance of improving our referral systems and improve prehospital barriers.
Key words: Near miss, maternal morbidity, maternal mortality, Intensive care unit

Acknowledgments
[bookmark: _GoBack]I would like to thank the OBGYN department of St. Paul’s Hospital Millennium Medical College for giving me to the opportunity to undertake this research and for the financial support. I am very grateful for my advisors DR.Genet Gebremedhin and my public health advisor Mr. Tewdros fantahun for their continuous support. I would like to thank the data collectors DR Shewa, DR. Melat and midwifes of the hospital for their cooperation and hard work. Last but not least, I am very thankful to the staffs of the adult ICU for their cooperation for data collection.














Table of contents
Abstract                                                                                                                                            i
List of tables                                                                                                                                    ii
List of figures                                                                                                                                  iii
Abbreviations                                                                                                                                  iv
1. Introduction……………………………………………………………………………………1
2 Literature review……………………………………………………………………………….4
2.1 Significance of the study…………………………………………………………………….7
2.2 Conceptual framework……………………………………………………………………….8
3. Objectives……………………………………………………………………………………...9
3.1 General objectives……………………………………………………………………………9
3.2 Specific objectives……………………………………………………………………………9
4. Methodology………………………………………………………………………………....10
4.1 Study setting………………………………………………………………………………...10
4.2 Study design………………………………………………………………………………...10
4.3 Source population…………………………………………………………………………...11
4.4 Study population…………………………………………………………………………….11
4.5 Sample size determination…………………………………………………………………..11
4.6 Inclusion and exclusion criteria………………………………………………………….….11
4.6.1 Inclusion criteria…………………………………………………………………………...11
4.6.2 Exclusion criteria…………………………………………………………………………..13
4.7 Data collection procedures…………………………………………………………………..13
4.8 Data analysis…………………………………………………………………………………13
4.9 Data quality assurance………………………………………………………………………14
4.10 Operational definition………………………………………………………………………14
4.11 Ethical considerations……………………………………………………………………....15
5. Results…………………………………………………………………………………………16
5.1 Sociodemographic characteristic of the Near-miss cases……………………………………16
5.2 Incidence of maternal Near-miss…………………………………………………………….16
5.3 Characteristics of women with Maternal Near-miss…………………………………………17
5.4 Women undergoing critical intervention…………………………………………………….17
5.5 Organ dysfunction in maternal near-miss cases……………………………………………...18
5.6 Underlying causes of maternal near miss……………………………………………………19
6. Discussion……………………………………………………………………………………..20
7. Conclusion and recommendation……………………………………………………………...22
8 Strength and limitation of the study……………………………………………………………23
9 References ……………………………………………………………………………………..24
Annex1 ………………………………………………………………………………………......26
















List of tables
Table1 Sociodemographic characteristics of Maternal Near-miss cases in St. Paul’s Hospital Millennium Medical College………………………………………………………………16 
Table 2 Women undergoing critical intervention in St. Paul’s Hospital Millennium Medical College……………………………………………………………………………………...18
Table 3 Underlying causes of Maternal Near-miss in St. Paul’s Hospital Millennium Medical College………………………………………………………………………………………19




















List of figures
Figure 1 Conceptual framework of maternal near miss developed based on review of literatures………………………………………………………………………………………………8
Figure 2 Characteristics of women with Maternal Near-miss in St. Paul’s Hospital Millennium Medical College…………………………………………………………………………….17
Figure 3 Type of organ dysfunction in Maternal Near-miss cases in St. Paul’s Hospital Millennium Medical College…………………………………………………………………………….19


















List of abbreviations
EDHS- Ethiopian demographic health survey
HELLP – Hemolysis, Elevated liver enzyme, Low platelets
HIV- human immunodeficiency virus
ICU- Intensive Care Unit
MD- Maternal Death
MDGs- Millennium development goals
MI- Mortality Index
MNM -Maternal Near-Miss
MNMR- Maternal Near-Miss Ratio
MMR- Maternal Mortality Rate
PPH- Postpartum Hemorrhage
SPSS –Statistical package for social sciences
UNDP- United Nations Development Program
UNICEF-United Nations International Children’s Emergency Fund
UNFPA- United Nations Population Fund
WHO -World Health Organization
UI- Uncertainty interval 





1. Introduction
Despite therapeutic advances during this century and a growing perception of the safety of child birth, morbidity and mortality continue to occur in obstetric patients. The global estimates for the year 2017 indicate that there were 295,000 (UI 279 000 to 340000) maternal deaths. MMR in the world’s least developed countries (LDCs) is high, estimated at 415 maternal deaths per 100,000 live births (UI 396 to 477), which is more than 40 times higher than that for MMR in Europe (10; UI 9 to 11), and almost 60 times higher than in Australia and New Zealand (7; UI 6 to 8). Sub-Saharan Africa is the only region with very high MMR for 2017, estimated at 542 (UI 498 to 649), while the lifetime risk of maternal death was 1 in 37, compared with just 1 in 7800 in Australia and New Zealand. Sub-Saharan Africa and Southern Asia accounted for approximately 86% (254 000) of the estimated global maternal deaths in 2017 with sub-Saharan Africa alone accounting for roughly 66% (196 000). Nigeria and India had the highest estimated numbers of maternal deaths, accounting for approximately one third (35%) of estimated global maternal deaths in 2017, with approximately 67,000 and 35,000 maternal deaths (23% and 12% of global maternal deaths), respectively. Three other countries also had 10,000 maternal deaths or more: the Democratic Republic of the Congo (16 000), Ethiopia (14,000) and the United Republic of Tanzania (11 000).[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 situations, 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. [3-5]
                  For every maternal death, there are many serious life-threatening complications of pregnancy. Yet relatively little attention has been given to identifying a general category of morbidity that could be called near-misses. Stones et al were the first to use the term “near miss morbidity” to define a narrow category of morbidity encompassing “potentiality life threatening episodes. [11-12]. 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. Currently maternal near-miss ratio is increasingly used to evaluate the quality of obstetric care in low income countries. Near miss cases share many characteristics with maternal deaths and can directly inform on obstacles that had to be overcome after the onset of an acute complication and Corrective actions for identified problems can be taken to reduce related mortality and long-term morbidity.  [6]
                 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. The 2019 EMDHS results show that 74% of women who gave birth in the 5 years preceding the survey received antenatal care from a skilled provider at least once for their last pregnancy. Among the total live births in the 5 years preceding the survey, 50% were delivered by a skilled provider and 48% were delivered in a health facility and only 34% of women reported receiving a postnatal care check-up in the first 2 days after birth. [7,8]
                    The Federal Ministry of Health of Ethiopia is striving to reduce the rate of maternal mortality of the country. Actions taken so far include organizing and mobilizing the Health Development 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 facilities, and the provision of adequate drugs, medical supplies, and equipment [9]. 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. However, because maternal near-miss is a rare event, and because it follows a similar pathway to 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 [5,11]. In Ethiopia, maternal near-miss complications are common and are estimated to be around 12 times more frequent than maternal deaths [10].
                           This study was conducted in St Paul’s Hospital Millennium Medical College (SPHMMC) found in Addis Ababa, Ethiopia. Its OBGYN department has emergency, labor ward, ANC and high-risk pregnancy follow-ups, gynecology services with more than 20 OBGYN consultants and OBGYN residents and has the highest number of deliveries per month in Addis Ababa. The incidence and causes of near-miss events are not well documented in St. Paul’s Hospital Millennium Medical College. Thus, this study aimed to assess the incidence and causes of maternal near-miss.

























1. Literature review
There are many studies done on maternal near miss and maternal mortality in different parts of the world. Literatures before 2009 were based on different classification of near miss because of lack of standard classification of maternal near miss. In 2009, the World Health Organization (WHO) published a consensus on maternal near-miss definition and set a criterion for cases identification. 
           Cases of maternal ‘Near miss’ were prospectively identified at KEMH center ,an Australian tertiary maternity hospital, using the WHO near miss criteria over a period of 06 months(1st December 2014to 31th of May 2015).A descriptive analysis of the results was undertaken. Results showed that, during the study, there were 2773 live births with 19 women who had ‘Near miss’ presentations. There were no maternal deaths. The maternal near miss index rate was 7/1000 live births. The main causes of obstetric ‘Near miss’ were obstetric hemorrhage, pre-eclampsia, and early pregnancy complications [18].
          Retrospective facility-based review of cases of near-miss and maternal mortality was done in Damascus Maternity University Hospital (DMUH), Syria, that took place in the years 2006-2007 G.C. The disease-specific criteria set by Filippi et al were employed to identify near-miss cases[16]. This set of criteria is based on five main diagnostic domains:Severe hemorrhage (leading to shock, emergency hysterectomy, coagulation defects and/or blood transfusion of ≥ 2 liters); Hypertensive disorders in pregnancy which include eclampsia, severe pre-eclampsia (BP >140/ 90 mmHg and proteinuria > 1g/24hrs) or HELLP syndrome; Sepsis defined as a temperature < 36°C or > 38°C and clinical signs of shock (systolic BP < 90 mmHg and heart rate > 120 beats per minute) Dystocia which includes uterine rupture and impending rupture; Severe anaemia (haemoglobin < 6 g/dl) or clinical signs of severe anaemia in women without severe haemorrhage.
 The Results showed that during the 2-year period reviewed, there were 28, 025 hospital deliveries, 27, 350 live births, 901 near-miss cases and 15 maternal deaths. This resulted in a total MMR of 54.8/100 000 live births. The total MNMR was 32.9/1000 live births and the total mortality index for near-miss cases was 1.67% (near-miss/fatality ratio 60:1). Hypertensive disorders (52%) and hemorrhage (34%) were the top causes of near-misses. Most cases (93%) were referred in critical conditions from other facilities; namely traditional birth attendants’ homes (67%), primary (5%) and secondary (10%) healthcare unites and private practices (11%). 26% of near-miss cases were admitted to Intensive Care Unit (ICU). Most of the cases (93%) were referred to the hospital with the complication while only 7% developed the complication within the hospital [17].
                    Another descriptive prospective study was done in the OBGYN department at RIMS, Ranchi,Jharkhand ,India ,which is a tertiary care center. The study was done for a period of 24 months between October 2014 till October 2016. During the twenty-four months of the study period, 20,000 deliveries occurred at the institution and 480 women were identified as near-miss obstetrical cases. Near miss per 1000 delivery was 24%. The near miss to mortality ratio is 7.2:1 which means for every 7.2 near miss cases, there was one maternal death. The leading cause of maternal near miss were hemorrhage (42.5%), and hypertensive disorder of pregnancy (23.5%). The morbidity was high in unbooked cases [23].  
                          A retrospective facility based review of cases of near miss and maternal death over a period of three years was done in Sagamu, Nigeria. Near miss case definition was based on validated disease specific criteria comprising of five diagnostic categories: hemorrhage, hypertensive disorders in pregnancy, dystocia, infection and anemia. The near miss morbidity cases were compared with maternal deaths with demographic features and disease profiles. Mortality indices where determined for various disease processes to appreciate the standard of care provided for life threatening obstetric conditions. The maternal death to near miss ratios for the three years where compared to assess the trend in the quality of obstetric care. The results showed that, among the 1501 deliveries, there were 211 near miss cases and 44 maternal deaths. Demographic features of near miss cases and maternal deaths were comparable. Hypertensive disorders of pregnancy and hemorrhage were responsible for 61.1% of near miss cases and 50% of maternal deaths. More women died after developing severe morbidity due to uterine rupture and infection, with mortality indices of 37.5% and 28.6% respectively. Early pregnancy complications and antepartum hemorrhage had the lowest mortality indices. Majority of the cases of near miss (82.5%) and maternal death (88.6%) are unbooked antenatal care and delivery in the hospital. Maternal mortality ratio for the period was 2931.4 per 100,000 deliveries. The overall maternal death to near miss ratio was 1: 4.8. [20]
                    In a cross sectional study done in a tertiary care University Hospital in Kigali, Rwanda, among all women admitted with severe “near miss” maternal morbidity and mortality during a one year period using the WHO criteria for ‘near miss’ maternal mortality. The study evaluated the prevalence and risk factors associated with severe maternal morbidity (‘near miss’) and mortality in the CHUK hospital in Kigali-Rwanda which is the largest public hospital in Rwanda and serves as one of the tertiary care referral centers for the country for one year from October 2011 until October 2012 . The maternal near miss ratio was 2.8 and the maternal mortality index was 0.26 for the cohort. Most women with maternal morbidity were in the childbearing years 20–35 (78 %).The majority of women were either married or cohabiting (83.3 %). Socioeconomic status was identified as low in 78 %, and the majority (80 %) had a normal range body mass index (BMI 18.5–24.9). The most common causes of severe maternal morbidity resulted from peritonitis (30.2 %), hypertensive disease (28.6 %), hemorrhage (19.3 %) and cardiomyopathy (5.2 %) [24].
                         In a prospective cross-sectional study done in a rural referral hospital in Tanzania from November 2009 until November 2011,all the maternal near-misses and maternal deaths during this period were included. As not all the WHO near miss criteria were applicable, a modification was used to identify cases. Data were collected from medical records using a structured data abstraction form. In the two years study period, 9471 deliveries and 9136 live births occurred in the hospital among which there were 216 maternal near misses and 32 maternal deaths. The hospital based maternal mortality ratio was 350 maternal deaths per 100,000 live births, with an overall case fatality rate of 12.9%.There was no statistical differences between the group of maternal near miss and the group of maternal deaths in regards to demographic and clinical characteristics. Majority (42%) of the near miss cases had a gestational age of 36 weeks or more, compared to 25% of all the maternal deaths. The most common mode of delivery was vaginal delivery: 37% MNM and 47% MD. This was followed by caesarean section: 32%MNM and16% MD.There were no assisted vaginal deliveries (forceps/vaccum extraction).Almost 30% of all women who died where undelivered [20].
                          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.The hospitals were selected based on the number of deliveries they managed per year. Tikur Anbessa, St.Paul’s Hospital Millenium Medical College, Zewditu Memorial, Yekatit 12 and Ghandi Memorial Hospitals were selected for the study. 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. Underlying and contributing causes of maternal near-miss were documented from each participant’s record. Results were 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 contributing cause reported for maternal near-miss. Most of the maternal near-miss cases occurred before the women’s arrival at the participating hospitals [18].
                    A facility based survey of severe acute maternal morbidity and maternal death from records of all pregnant or recently delivered or aborted patients who appeared and were admitted to Ayder referral teaching hospital from January 2008 through December ,2010 was done. In the study period, there were 2107 hospitalizations for maternal health services; of these, 204 were severe acute maternal morbidities and 9 direct maternal deaths, with an overall rate of severe acute maternal morbidity of 101 per 1000 deliveries and a maternal mortality ratio of 427 per 100,000 live births [16].
There are several literatures done on maternal near miss in different parts of the world based on the WHO near-miss criteria including in Ethiopia. The research’s done in institutions in Ethiopia have a gap in describing the maternal characteristics of the near miss cases and their ANC booking status which can affect the outcome.
Significance of the study
 St. Paul’s Hospital millennium medical college, as a tertiary care referral hospital in Ethiopia with the highest delivery per month, receives many of the most severe cases of maternal morbidity from health centers and private clinics. This study will show the quality of care provided in the hospital by showing the maternal near miss ratio and maternal mortality rate. It will identify the major causes of severe maternal morbidity and mortality in the hospital and develop protocols to prevent maternal deaths.  It will identify where there is delay in management and if there is delay in referral to a higher level of care, it will help in giving feedbacks for the health centers.
Conceptual framework
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Maternal near miss is associated with several factors, both proximal and distant factors. This study aims to examine the causes of maternal near miss and the factors associated with maternal near miss in St. Paul’s Hospital Millennium Medical College.




3. Objectives
3.1 General objective
· The aim of this study is to determine the incidence of maternal near miss cases and identify the major causes of maternal near miss in St. Paul’s Hospital Millennium Medical College 
3.2 Specific objectives	
· To determine the incidence of severe maternal morbidity (Near-miss) in St. Paul's hospital millennium medical college
· To determine the causes of maternal near miss cases and associated factors in St. Paul's Hospital Millennium Medical College.
· To identify the contributing factors for maternal near-miss
· To identify place of occurrence of the near-miss cases.
















4. METHODOLOGY
4.1 Study setting
The study is conducted at the obstetric unit of St. Paul’s Hospital Millennium Medical College.
St. Paul’s Hospital Millennium Medical College is a referral and teaching hospital operated under the Federal Ministry of Health. It serves a catchment population of 5 million people and has over 800 deliveries per month. In addition to providing emergency obstetric care, the hospital also gives antenatal care and delivery services for mothers referred with high risk conditions ,provides service for mothers needing an Intensive Care Unit (ICU), blood transfusion service and facilities for caesarean section (CS).

4.2 Study design
A cross-sectional study design was conducted for a period of six months from January1 to June 30,2020 G.C. All women admitted to the hospital 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 were included. Cases of severe obstetric morbidity were identified during daily morning meetings, where all the new admission in the last 24 hour and serious inpatient cases were discussed and by making rounds in the emergency, Labor ward and postnatal wards. All the cases were enrolled during admission and followed during their hospital stay till their discharge. For each case of near miss, data were collected on gestational age at the time of sustaining the near-miss morbidity, nature of obstetric complications, type of organ-system dysfunction/failure, ICU admission and timing of near-miss event with respect to admission. 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.


4.3 Source population
All women who deliver within the hospital, and those who are referred antepartum, Intrapartum, post-delivery or post abortion with any of the complications listed in the criteria for near miss will be included
4.4 Study population
Women who are pregnant, in labor, or who delivered or aborted up to 42 days ago arriving in the hospital with any of the listed conditions in the WHO near miss criteria or those who develop any of those conditions during their stay in the hospital are included within the study.
4.5 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%[17] .Considering a 1% margin of error, a 95% confidence interval (CI) and a 10% non-response rate, a minimum of 1907 live births were calculated to be the appropriate sample size for this study. However, during the study period there were 5109 deliveries and all were included for the study.
4.6 Inclusion and exclusion criteria
Inclusion criteria	
Women who are pregnant, in labor, or who delivered or aborted up to 42 days ago arriving at the facility with any of the listed conditions or those who develop any of those conditions during their stay at the health-care facility would be eligible. Women who are already dead when they are brought to the health-care facility or those who die on arrival at the facility should be included because they are likely to represent cases involving a major delay in accessing care. The eligibility is not restricted by gestational age at which complications occurred (i.e. women having abortions or ectopic pregnancies and presenting with any of the inclusion criteria are eligible).
Severe maternal complications	
 • Severe postpartum hemorrhage 
• Severe pre-eclampsia
 • Eclampsia 
• Sepsis or severe systemic infection 
• Ruptured uterus
 • Severe complications of abortion
Critical interventions or intensive care unit use 
• Admission to intensive care unit 
• Interventional radiology
 • Laparotomy (includes hysterectomy, excludes caesarean section)
 • Use of blood products
Life-threatening conditions (near-miss criteria)
 • Cardiovascular dysfunction – Shock, cardiac arrest (absence of pulse/heart beat and loss of consciousness), use of continuous vasoactive drugs, cardiopulmonary resuscitation, severe hypoperfusion (lactate >5 mmol/l or >45 mg/dl), severe acidosis (pH <7.1)
 • Respiratory dysfunction – Acute cyanosis, gasping, severe tachypnea (respiratory rate >40 breaths per minute), severe bradypnea (respiratory rate <6 breaths per minute), intubation and ventilation not related to anaesthesia, severe hypoxemia (O2 saturation <90% for ≥60 minutes or PAO2/ FiO2 <200)
· Renal dysfunction
Oliguria non-responsive to fluids or diuretics, dialysis for acute renal failure, severe acute azotemia (creatinine ≥300 µmol/ml or ≥3.5 mg/dl)
 • Coagulation/haematological dysfunction – Failure to form clots, massive transfusion of blood or red cells (≥5 units), severe acute thrombocytopenia (<50 000 platelets/ml)
 • Hepatic dysfunction – Jaundice in the presence of pre-eclampsia, severe acute hyperbilirubinemia (bilirubin >100 µmol/l or >6.0 mg/dl) 
• Neurological dysfunction – Prolonged unconsciousness (lasting ≥12 hours)/coma (including metabolic coma), stroke, uncontrollable fits/status epilepticus, total paralysis
 • Uterine dysfunction – Uterine haemorrhage or infection leading to hysterectomy
Maternal vital status • Maternal deat
Exclusion criteria
Women that develop those conditions unrelated to pregnancy (i.e. not during pregnancy or 42 days after termination of pregnancy) are not eligible.

4.7 Data collection and processing
Women who experienced a maternal near-miss event during pregnancy, delivery or the postpartum period were identified prospectively by well-trained midwives and residents in the 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 [6]. The data were collected from the Delivery Ward, Obstetrics and Gynecology Ward, ICU, and Emergency Gynecology Outpatient Department. 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). According to the ICD, the underlying cause is the disease or injury which initiated the sequence of events leading directly to death [13]. Because the same classification is used for both maternal death and maternal near-miss [14], the classifications used for maternal near-miss were the same as those listed in the ICD for maternal mortality [15]. 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. Data on the total number of deliveries occurring over six months period in the hospital was extracted from the Health Management Information System (HMIS) report. The supervisor in the hospital was responsible for checking the completeness of the information. Following this, the data were entered into SPSS version 21 and for final analysis.

4.8 Data analysis
 The total incidence of maternal near-miss in the hospital was calculated using the maternal near-miss incidence ratio (MNMIR) formula. This was calculated by dividing the number of maternal near-miss cases during the study period by the total number of live births during the same study period. The maternal near miss mortality ratio and mortality index were also calculated. Maternal near-miss mortality ratio (MNM : 1 MD) refers to the ratio between maternal near- miss cases and maternal deaths. Higher ratios indicate better care. Mortality index refers to the number of maternal deaths divided by the number of women with life-threatening conditions expressed as a percentage [MI = MD/(MNM + MD)]. The higher the index the more women with life-threatening conditions die (low quality of care), whereas the lower the index the fewer women with life-threatening conditions die (better quality of care). 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 causes were categorized into underlying and contributory as per the WHO recommendation [6]. A descriptive frequency of the type of organ dysfunction present in maternal near-miss cases was also calculated.

4.9 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 hospital were also sensitized to the issue so that they would inform the enumerators when they suspected a near-miss case. 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. There was frequent supervision of the included hospitals by the principal investigator. The standardized data abstraction form developed by the WHO [6] was used to abstract pertinent information. The data collection questionnaire was first pre-tested in the hospital to verify the appropriateness of the tool. The standardized WHO criteria were used to identify maternal near-miss cases.  
4.11 Operational definition
Maternal near-miss case is defined as “a woman who nearly died but survived a complication that occurred during pregnancy, childbirth or within 42 days of termination of pregnancy”. In practical terms, women are considered near- miss cases when they survive life-threatening conditions (i.e. organ dysfunction). 
Maternal death is defined as 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.
Admission to intensive care unit is defined as admission to a unit that provides 24-hour medical supervision and is able to provide mechanical ventilation and continuous vasoactive drug support.
Live birth (LB) refers to the birth of an offspring which breathes or shows evidence of life.
Severe maternal outcome refers to a life-threatening condition (i.e. organ dysfunction), including all maternal deaths and maternal near-miss cases.
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4.11 Ethical statement 
Acceptable ethical standards were strictly adhered to throughout the study process. For studies 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 names of the participants were not reported in the findings of the study to ensure confidentiality
 



5. Results
5.1. Socio-Demographic characteristic of the Near-miss cases
The demographic characteristics of the women classified as near-miss was mean age is 26 (20-44). 6.5% of the near miss cases were nulliparous, 43% were primiparous,50% were multiparous. 33 of the cases (71.7%) had ANC follow-ups whereas 13 of the near-miss cases didn’t receive any ANC. Majority (60.9%) of the near-miss cases were living out of Addis Ababa. 
	AGE
	Frequency(N)
	Percentage (%)

	<=25
	23
	50%

	26-35
	20
	43.5%

	>=36
	3
	6.5%

	Marital status

	Married
	43
	93.5%

	Single
	2
	4.3%

	Divorced
	1
	2.2%

	Widow
	0
	0

	Education level of the woman

	Illiterate
	13
	28.3 %

	Read and write
	4
	8.7%

	Grade 1-8
	9
	19.6%

	Grade 9-12
	15
	32.6%

	College and above
	5
	10.9%

	Place of residence

	Addis Ababa
	18
	39.1%

	Out of Addis Ababa
	28
	60.9%

	Parity

	Nulliparous
	3
	6.5%

	primiparous
	20
	43.5%

	multiparous
	23
	50%

	ANC booking status

	Yes
	33
	71.7%

	No
	13
	28.3%



5.2 Incidence of maternal near-miss cases
During the six months study period, there were a total of 5109 deliveries in the hospital with 5258 babies are born among this 5095 are live births. 46 cases were identified as near-miss cases by the WHO criteria. The incidence of maternal near miss ratio is 9.02 per 1000 live births calculated by the maternal near miss incidence ratio formula (MNMIR) by the WHO. During the study period, there were 5 maternal deaths making maternal near-miss mortality ratio of 9.2, meaning that there were 9 near-miss cases for every maternal death. The mortality index for the study period is 9%. 
5.3 Characteristics of women with maternal near-miss
 The majority (92.7%) of maternal near-miss cases was referred from other health facilities and an ambulance was used by as a means of transport to the study hospital. There were (13%)6 cases of in hospital near-miss cases and a significant number (87%) of maternal near-misses occurred before arrival at the hospitals. Among the potential life-threatening conditions in the near miss cases, 22 cases (48.9) had severe preeclampsia ,14 cases (31.1%) had severe PPH, ,7 cases (15.6%) had eclampsia, 1 case was uterine rupture.


5.4 Women undergoing critical intervention
Most of the near miss cases (76%) required blood transfusion including whole blood, packed RBS, FFP and platelet transfusions. Seven of the near-miss cases had undergone for laparotomy and six of the near miss cases cases (13%) were admitted to the Adult ICU.




                                       Women undergoing critical Intervention
	
	Number of cases (N)
	Percent

	Use of blood products (includes any blood transfusion)
Laparotomy
Admission to Intensive Care Unit (ICU)
                                                Total
	35
	76 %

	
	7
	15.2 %

	
	6
	13 %

	
	48
	104.24%




5.5 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 with 21 cases (46.7%), followed by Cardiovascular of 18 cases (40%), respiratory dysfunction with 5 cases (11.1%), Neurologic dysfunction of  4 cases (8.8%), renal and uterine dysfunction were each 2 cases (4.4%). There was no Hepatic dysfunction seen during the study period.


5.6 Underlying and contributory causes of maternal near-miss
 The underlying cause for the majority of maternal near-miss cases was hypertensive disorder 29 cases (63.04%), followed by obstetric hemorrhage 13 cases (28.2%), pregnancy with abortive outcome (6.52%). The major contributing causes of maternal near-miss reported were anemia (43%), 8.7% patients had previous CS scar.  Around 41.3%   of maternal near-miss cases did not show any form of contributing causes factors. 
	
	Number of cases (N)
	Percent

	Underlying causes of Near-miss
	Pregnancy with abortive outcome (abortion/ectopic pregnancy)
	3
	6.52%

	
	Obstetric hemorrhage
	13
	28.2 %

	
	Hypertensive disorders
	29
	63.04%

	
	Medical/surgical/mental disease or complication
	1
	2.17%

	                                                 Total
	46
	100.0%



6. Discussion
6.1Incidence of maternal near-miss
Based on the finding of this research, the incidence of maternal near miss for the six months of the study period was 9.02 per 1000 live births. Previous studies in Ethiopia have documented a prevalence rate of 101 per 1000 deliveries [16] and 78.9 per 1000 live births [17] and 8.01 per 1000 live births [18]. Disparity between the result of our finding and the first 2 researches is mainly secondary to the difference in the case definitions used by the researchers to define Near-miss and near -miss incidence ratio, the study design used, and the time at which the study was conducted and there could be limitations of the secondary data obtained which decreased the near miss incidence. These two reports were done based on disease specific criteria to define Near-miss cases rather than the WHO criteria. The last report has similar findings with ours which can be explained by the fact that both reports are done with the WHO criteria for identifying maternal near-miss case which is more strict to define the Near-miss cases. Since St. Paul’s Hospital Millennium Medical College is a tertiary care center,it is expected to have higher number of near miss cases which explains our finding.
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 as Ghana and Tanzania and from India such [19-3]. The incidence of maternal near miss were 42 per 382 deliveries in Nigeria making maternal near-miss ratio of 12%.[19]. 28.6 per 1000 live birth in Ghana[22],23.6 near-miss cases per 1000 live births in Tanzania[20] ,22.1 near-miss cases per 1000 live birth in Sudan [21]and maternal near miss incidence ratio is 2.4% in India[23].However our results are similar to 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.[24-25]
6.2 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. The study finding was also in line with studies conducted in other African countries like Nigeria, Tanzania and Sudan [19,20,21]. Previous studies in Ethiopia also reported hypertensive disorder as the primary cause, and obstetric hemorrhage as the second leading cause of maternal near-miss [17-18]. High percentages of hypertensive disorder and obstetric hemorrhage might be indicative of some form of delay in managing obstetric complications by the facility staff. Unlike the report done in selected hospitals of Ethiopia [18], there were surgical causes of Near-miss our report and less cause of pregnancy related infection as underlying cause of Near miss.
Anemia was the major contributory cause of maternal near-miss in our study. This finding is comparable with studies from some middle-income countries such as India [23] and also in line with the studies from some African countries such as Ghana [22] and Ethiopia [18]. 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.
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. 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. [26-27].












7. Conclusion and recommendation
7.1 Conclusion
The incidence of maternal near miss is high and underlying and contributory causes of maternal near-miss are still prevalent. 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 barriers. Hence, further research is recommended to explore those barriers.
7.2 Recommendation
Lesson can be learned from cases of near-miss which can serve as a useful tool in reducing maternal mortality. Need for development of an effective audit system for maternal care which includes both near-miss obstetric morbidity and mortality is felt. Evidence-based interventions designed to optimize the intra-partum management of life-threatening obstetric complications, specifically hypertensive disorders and obstetric hemorrhage could reduce the occurrence of maternal near-miss problems occurring during hospitalization.












8. Strength and limitation
The strength of the study is the fact that the incidence and causes of maternal near-miss are determined using the newly developed WHO case identification criteria. Prospective case identification was used for a consecutive period of six months period which enabled us to avoid missing important variables, which is a drawback of most previous retrospective studies. 
Limitation of the study was that, since it was a prospective study, it was not possible to include more cases of near miss for longer period which limits us to get representative sample to associate the sociodemographic variables to the near-miss cases.
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Responses	N	
Cardiovascular dysfunction	Respiratory dysfunction	Renal dysfunction	Coagulation/hematologic dysfunction	neurologic dysfunction	Uterine dysfunction/hysterectomy	Organ dysfunction in maternal near-missa	18	5	2	21	4	2	Responses	Percent	
Cardiovascular dysfunction	Respiratory dysfunction	Renal dysfunction	Coagulation/hematologic dysfunction	neurologic dysfunction	Uterine dysfunction/hysterectomy	Organ dysfunction in maternal near-missa	0.34599999999999997	9.6000000000000002E-2	3.7999999999999999E-2	0.40400000000000003	7.6999999999999999E-2	3.7999999999999999E-2	Percent of Cases	
Cardiovascular dysfunction	Respiratory dysfunction	Renal dysfunction	Coagulation/hematologic dysfunction	neurologic dysfunction	Uterine dysfunction/hysterectomy	Organ dysfunction in maternal near-missa	0.4	0.111	4.3999999999999997E-2	0.46700000000000003	8.8999999999999996E-2	4.3999999999999997E-2	


Near miss cases with severe complications
$Amr Frequencies	Responses	N	
[VALUE]

Severe postpartum haemorrhage	Severe preeclampsia	Eclampsia	Sepsis or severe systemic infection	Ruptured uterus	14	22	7	1	1	$Amr Frequencies	Responses	Percent	
Severe postpartum haemorrhage	Severe preeclampsia	Eclampsia	Sepsis or severe systemic infection	Ruptured uterus	0.311	0.48899999999999999	0.156	2.1999999999999999E-2	2.1999999999999999E-2	$Amr Frequencies	Percent of Cases	Percent	
Severe postpartum haemorrhage	Severe preeclampsia	Eclampsia	Sepsis or severe systemic infection	Ruptured uterus	0.33300000000000002	0.52400000000000002	0.16700000000000001	2.4E-2	2.4E-2	
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Box 4. Operational definitions of severe maternal complication, selected evidence-based
recommendations and process indicators

Operational definitions

‘Severe postpartum
haemorrhage

Genltal bleeding after delivery, with at least one of the following: percelved
abnormal bleeding (1000 ml or more) or any bieeding with hypotension or biood
transfusion.

‘Severe pre-eclampsia

Persistent systolic blood pressure of 160 mmHg or more or a diastolic blood pres-
sure of 110 mmHg; proteinuria of 5 g or more In 24 hours; oliguria of <400 mi in 24
hours; and HELLP syndrome or pulmonary oedema. Excludes eclampsia.

Eclampsia

Generalized fits In a patient without previous history of epllepsy. Includes coma in
pre-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), leukocytoss (white blood cells >12 000).

Uterine rupture

Rupture of uterus during labour confirmed by aparotomy.





