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DEFINITION OF TERMS

Adverse outcome: refers to unintended and unwanted events occurring during the course of the disease or follow-up as consequences of the disease itself, a comorbidity or medical care and resulting in death or serious complications to a pregnant woman or her unborn foetus or newborn.
Cardiac disease in pregnancy: refers to diseases that affect the heart structure and/or function, which may exist prior to pregnancy or occur during pregnancy. These include heart failure, arrhythmias, congenital heart disease and acquired heart disease. 
Cardiac event: refers to maternal non-obstetric-related adverse events that cause heart dysfunction in pregnant or postpartum mother with known or unknown cardiac disease.
Foetal event: refers to any adverse events or outcome that affects an unborn infant after conception and/or before delivery.
Neonatal event: refers to any adverse events or outcome that occurs within 28 days of life, including prematurity or low birth weight, congenital malformation, low Apgar score at 5 minutes, birth, admission to the newborn unit or the newborn intensive care unit, hypoglycaemia, neonatal sepsis, hypothermia, and neonatal death.
Obstetric event: refers to maternal non-cardiac-related adverse events or outcomes that occur during pregnancy or within 42 days following birth, irrespective of the duration and site of pregnancy, including abortion (either spontaneous or induced), preterm labour (onset of labour before 37 weeks of gestation), postpartum haemorrhage (increased blood loss >500 ml after vaginal delivery or >1000 ml after caesarean delivery), preeclampsia, depression, intensive care admission and maternal death.

TABLE OF CONTENTS
DECLARATION
ii
DEDICATION
iii
ACKNOWLEDGMENT
iv
ABBREVIATIONS
v
DEFINITION OF TERMS
vi
TABLE OF CONTENTS
vii
LIST OF TABLES
xi
LIST OF FIGURES
xii
ABSTRACT
xiii
CHAPTER ONE
1
INTRODUCTION
1
1.1 Background
1
1.2 Problem statement
2
1.3 Justification and significance
2
1.4 Research question
3
1.5 Objectives
3
1.5.1 Broad objective
3
1.5.2 Specific objectives
3
1.6 Conceptual framework
4
CHAPTER TWO
5
LITERATURE REVIEW
5
2.0. Introduction
5
2.1. MATERNAL OUTCOMES OF HEART DISEASE
6
2.1.1. Cardiac events
6
2.1.1.1. Heart failure
6
2.1.1.2 Pulmonary oedema
7
2.1.1.3 Arrhythmias
8
2.1.1.4 Venous thromboembolism in heart disease
8
2.1.1.5 Stroke in cardiac disease
9
2.1.1.6 Cardiac arrest and heart attacks
10
2.1.1.7 Endocarditis
10
2.1.2 Obstetric events
11
2.1.2.1 Post-partum haemorrhage
11
2.1.2.2 Depression in pregnant women with cardiac disease
12
2.1.2.3 Intensive care unit admission
12
2.1.2.4 Maternal mortality
13
2.2. FOETAL AND NEONATAL OUTCOMES IN CARDIAC DISEASE
13
2.2.1 Abortion in heart disease
13
2.2.2 Preterm delivery and low birth weight
14
2.2.3 Low Apgar score
14
2.2.4 Newborn unit admission or intensive care admission
15
2.2.5 Neonatal mortality and cardiac disease
16
2.3 FACTORS RELATED TO ADVERSE OUTCOMES
17
2.3.1 Type and severity of heart disease
17
2.3.1.1 Congenital heart disease
17
2.3.1.2 Acquired heart diseases
17
2.3.1.2.1 Rheumatic heart disease
17
2.3.1.2.2 Valvular heart disease
18
2.3.1.2.2.1 Stenotic valvular heart disease
18
2.3.1.2.2.1.1 Mitral stenosis
18
2.3.1.2.2.1.2 Aortic stenosis
19
2.3.1.2.2.2 Regurgitant valvular heart disease
19
2.3.1.2.2.2.1 Mitral regurgitation
20
2.3.1.2.2.2.2 Aortic regurgitation
20
2.3.1.2.3 Tricuspid regurgitation
21
2.3.1.2.4 Complex heart valvular disease
21
2.3.1.2.5 Prosthetic heart valves in pregnancy
21
2.3.1.2.6 Ischaemic heart disease
22
2.3.1.2.7 Cardiomyopathies
22
2.3.1.2.7.1 Dilated cardiomyopathy
22
2.3.1.2.7.2 Hypertrophic cardiomyopathy
23
2.3.1.2.7.3 Peripartum cardiomyopathy
23
2.3.1.2.8 Pulmonary hypertension and Eisenmenger syndrome
24
2.3.2. Individual factors related to adverse outcomes
26
CHAPTER THREE
27
METHODOLOGY
27
3.1 Study setting
27
3.2 Study population
27
3.2.1 Inclusion criteria
27
3.2.2 Exclusion criteria
27
3.3 Study design
28
3.4 Sampling procedure
28
3.5 Sample size estimation
28
3.6 Study procedure
29
3.7 Study variables
34
3.7.1 Dependent variables
34
3.7.2 Independent variables
34
3.7.3 Confounding variables
34
3.8 Data management and analysis
35
3.9 Ethical considerations
35
3.10 Quality control
35
3.11 Dissemination plan
36
CHAPTER FOUR
37
RESULTS
37
4.1. Maternal characteristics
38
4.2. First objective related to maternal outcomes
46
4.3. Second objective related to foetal and neonatal outcomes
51
4.4. Third objective:  Risk factors related to adverse outcomes
52
CHAPTER FIVE
58
DISCUSSION
58
5.0. Introduction
58
5.1. First objective related to maternal outcomes
58
5.1.1. Maternal outcomes
58
5.2. Second objective related to foetal and neonatal outcomes
65
5.2.1 Foetal and neonatal outcomes
65
5.3. Third objective: risk factors for adverse outcomes
67
5.3.1 Risk factors for maternal adverse outcomes
67
5.3.2 Association between maternal cardiac lesions and adverse outcomes
72
5.3.3. Factors related with neonatal deaths
74
5.3.4 Association between maternal cardiac lesions and neonatal deaths
77
CHAPTER SIX
79
CONCLUSIONS AND RECOMMENDATION
79
6.0 INTRODUCTION
79
6.1 CONCLUSION
79
6.2 LIMITATIONS AND RECOMMENDATIONS
80
REFERENCES
81
APPENDICES
90
APPENDIX A: INFORMED CONSENT
90
APPENDIX B: WORK PLAN
92
APPENDIX C: STUDY ESTIMATED BUDGET
93
APPENDIX D: QUESTIONNAIRE AND DATA COLLECTION TOOLCARDIAC DISEASE IN PREGNANCY: A PROSPECTIVE STUDY OF MATERNAL AND FOETAL OUTCOMES AT MOI TEACHING AND REFERRAL HOSPITAL, ELDORET, KENYA
94
APPENDIX E: Modified World Health Organization (WHO) risk assessment classification of cardiac disease in pregnancy
108
APPENDIX F: PATIENT HEALTH QUESTIONNAIRE-9: SCREENING INSTRUMENT FOR DEPRESSION
109
APPENDIX G: FORMAL IREC APPROVAL
110
APPENDIX H: APPROVAL OF AMENDMENT
112


LIST OF TABLES
Table 4.1.1: Maternal socio-demographic and clinical characteristics
38
Table 4.1.2: Maternal clinical characteristics
39
Table 4.1.3: Baseline echocardiographic and electrocardiographic findings
41
Table 4.1.4: Maternal index pregnancy services between 2016 to 2018
45
Table 4.2.1: Maternal cardiac and obstetric events by gestational period
48
Table 4.2.2. Characteristics of patients who died by severity of cardiac lesions
50
Table 4.3.1: Foetal and neonatal outcomes
51
Table 4.4.1: Risk factors related to maternal adverse outcomes
52
Table 4.4.2: Association between maternal cardiac lesions and adverse outcomes
54
Table 4.4.3. Factors related to adverse neonatal outcome
55
Table 4.4.4: Association between cardiac lesions and neonatal deaths
57


LIST OF FIGURES
Figure 1: Flow chart of study participants recruitment
37
Figure 2: Maternal clinical characteristics by NYHA functional class
43
Figure 3: Maternal clinical characteristics according to modified WHO risk categories
44
Figure 4: Maternal outcomes by cardiac events
46
Figure 5: Maternal outcomes by obstetric events and maternal death
47
Figure 6:  Maternal deaths by type cardiac disease
49


ABSTRACT

Background: Cardiac disease in pregnancy is an important cause of potentially life-threatening non-obstetric complications and is responsible for 10 to 15% of maternal deaths. The severity of the disease is more highly expressed in pregnant mothers living in resource-limited areas and is more likely to cause premature death in this population. Little is known about the burden of this problem in resource limited settings particularly in Sub Sahara Africa. 
Objective: To describe maternal, foetal and neonatal outcomes in pregnant women with cardiac disease seeking care at Moi Teaching and Referral Hospital.
Methods: This was a longitudinal study that enrolled 91 pregnant and postpartum mothers with known cardiac disease or abnormal echocardiographic findings during pregnancy from October 2016 to October 2018. An interview-administered questionnaire was used to collect data. All participants were followed up to 6 weeks post-delivery. Maternal variables that could influence outcomes were captured and analysed. Categorical data are described using frequency and percentage, and continuous data are described using range, mean, standard deviation and median. The significance of the obtained results was determined at the 5% level. The chi-square test was used for categorical variables.  
Results: The median maternal age was 27 years (interquartile range, 23, 33), and the median body mass index was 22 kg/ m² (interquartile range 20,25). Rheumatic valvular disease was the predominant underlying cardiac condition, accounting for 88.9% of all cases and responsible for 72.7% of all maternal deaths in the series. Only 21.1% of patients had regular follow up at tertiary health care level during pregnancy. Sixty-three percent (63.3%) of the women had adverse maternal cardiac events. Obstetric events occurred in 60% of cases. Secondary pulmonary hypertension and caesarean section were associated with maternal cardiac events (80.0%, p=0.000 and 72.2%, p=0.037, respectively). Mitral regurgitation and aortic stenosis were associated with favourable maternal outcomes (p=0.011 and p=0.04, respectively). Foetal death occurred in 19.1%, while neonatal death occurred in 15.1%. The risk of adverse maternal cardiac events was associated with advanced New York Heart association functional class III and IV (p=0.000), World Health Organization extremely high-risk class (p=0.002) and mode of delivery (p=0.037). Maternal death was associated with a lack of health insurance (p=0.0044) and employment (p=0.01). Neonatal deaths were associated with home deliveries [60%, p<0.001].  
Conclusion: Maternal, foetal and neonatal mortality and morbidity occurred in high rates, reflecting limited access to specialized care and preconception care.
Recommendation: This study reaffirms the need to improve timely diagnosis and access to specialized care, thereby improve maternal, foetal and neonatal outcomes. 

 CHAPTER ONE

INTRODUCTION

1.1 Background

Cardiac disease in pregnancy is an important cause of potentially life-threatening non-obstetric complications; it affects 0.2 to 4% of all pregnancies and is responsible for 10 to 15% of maternal deaths (ESC, 2011; Dali, B and Baral, J. 2014). The severity of the disease is more highly expressed in pregnant mothers living in resource-limited areas and is more likely to cause premature death among them. Moreover, evidence has shown that the spectrum of cardiac disease varies within regions and underlying cardiac conditions. In developed countries, for example, congenital heart disease (CHD) is the predominant condition, accounting for 75-82% of cases, while rheumatic heart disease (RHD) is an important cause of morbidity and mortality in many resource-limited areas, comprising 56-88% of cases, responsible for up to 34% of maternal deaths (Diao M. et al, 2011, ESC, 2011). To date, it is known that sub-Saharan Africa has a significant and rapidly growing burden of cardiac disease in pregnancy, mainly due to the increased number of women of reproductive age with rheumatic heart disease (RHD). In Kenya, for example, the World Health Organization (WHO) estimated in 1994 that the frequency of RHD was 2.7 per 1,000 people in the general population. In 2007, the Kenya-Heart national study cited by the World Heart Federation (WHF) reported that the number of affected people is increasing and that there may be up to 200,000 new cases of RHD every year, which increases the prevalence to 4.4 new cases per 1,000 in the general population every year.
Despite the dynamic nature of the disease, little has been done to determine maternal, foetal and neonatal outcomes among pregnant women with cardiac disease or the factors associated with adverse outcomes. This study is one of few to address the gaps in the specific context of low-resource settings.
1.2 Problem statement  

In the past, pregnancy was contraindicated in women with cardiac disease. This was a long-standing notion; however, it has been revised with the recent advances in medicine.
At MTRH, the largest tertiary hospital in western Kenyan, which also offers advanced specialized care to cardiac patients, cardiac disease is a condition that compromises obstetric care, although little has been done to determine maternal, foetal and neonatal outcomes and factors related to adverse outcomes among affected pregnant mothers.   
1.3 Justification and significance 

This study was performed to provide data on maternal, foetal and neonatal outcomes in women with cardiac disease seeking care at MTRH. It contributes to the existing knowledge of cardiac disease in pregnancy, particularly within the context of resource-limited settings, by increasing clinicians’ awareness and improving the care provided to high-risk populations and affected pregnant women. The information will also be used as stepping-stone for further prospective studies at Moi Teaching and Referral Hospital.    
1.4 Research question

1. What are the maternal, foetal and neonatal outcomes among women with cardiac disease seeking care at Moi Teaching and Referral Hospital?
2. What are the risk factors related to adverse outcomes among women with cardiac disease at Moi Teaching and Referral Hospital?
1.5 Objectives

1.5.1 Broad objective
The purpose of this study is to describe the maternal, foetal and neonatal outcomes of women with cardiac disease seeking care at Moi Teaching and Referral Hospital. 
1.5.2 Specific objectives
1. To describe the maternal outcomes of cardiac disease in pregnancy at Moi Teaching and Referral Hospital;
2. To describe foetal and neonatal outcomes of women with cardiac disease seeking care at Moi Teaching and Referral Hospital; 
3. To describe the factors related to adverse outcome at Moi Teaching and Referral Hospital.
1.6 Conceptual framework
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CHAPTER TWO

LITERATURE REVIEW

2.0. Introduction

Cardiac disease in pregnancy has been a major problem for decades. It has been poorly studied in developing countries and is not recognized as an entity in obstetrics and gynaecology (Diao M, et al, 2011).
Evidence has shown that cardiac events are likely to occur among women with cardiac disease due to poor maternal adaptation to haemodynamic changes during pregnancy. Silversides C, et al (2007) noted that these changes include increases in blood volume and cardiac output of up to 30-50%, increases in heart rate (preload) and decreases in systolic and diastolic blood pressure and systemic vascular resistance (afterload). In their study, they also reported that these physiological changes have an advantage in facilitating the adaptation of the cardiovascular system to increased maternal and foetal metabolic needs and enabling adequate delivery of oxygenated blood to peripheral tissues. Women without heart disease adapt well, and adverse cardiac events are rare among them (Cunningham F, et al, 2014). Therefore, in women with cardiac disease, there is inadequate adaptation, which exposes them to life-threatening cardiac events that affect the offspring (ESC, 2011; Silversides C, et al, 2007). 
2.1. MATERNAL OUTCOMES OF HEART DISEASE

2.1.1. Cardiac events

2.1.1.1. Heart failure

Heart failure is a clinical syndrome defined by the ESC as an abnormality of cardiac structure or function leading to the failure of the heart to deliver oxygenated blood at a rate commensurate with the requirements of the metabolizing tissues despite normal filling pressures or only at the expense of increased filling pressures. It is characterized by dyspnoea, fatigue and clinical symptoms of congestion and leads to poor quality of life and premature death (Adebayo S. O, et al, 2017). In practice, it is the most important clinical condition assessed to determine the severity of cardiac disease based on the New York Heart Association (NYHA) functional class. The NYHA functional classification itself is used as an entrance criterion and outcome predictor for affected patients (ESC, 2011). Heart failure is the most common cause of morbidity and mortality among pregnant women with cardiac disease; it can be caused by congenital and valvular heart disease (15%), hypertensive disorders (43%), cardiomyopathies (19.5%), and ischaemic heart disease (Anthony, J, et al, 2016; Adebayo S. O, et al, 2017). Heart failure can be either left or right or biventricular. Heart failure can be classified based upon echocardiography findings, such as heart failure with preserved ejection fraction (EF >50%), heart failure with reduced ejection fraction (EF ≤ 40%), and heart failure with mid-range ejection fraction (EF 41-49%) (Ponikowski, P, et al, 2016). The ESC further indicates that there are no symptoms or specific clinical signs that distinguish the three categories; however, the classification has good therapeutic importance. In obstetrics, 3 pregnancy-specific causes of heart failure include pre-eclampsia, peripartum cardiomyopathy and amniotic fluid embolism (Anthony, J, et al, 2016). The non-specific related causes include cardiac disease and co-morbidities complicating pregnancy. In a multicentre prospective study from the Registry of Pregnancy and Cardiac Disease, heart failure was found to be the leading maternal cardiac complication in 13% of cases (Van Hagen, I. M, et al, 2016).   
2.1.1.2 Pulmonary oedema

Pulmonary oedema is one of the features of heart failure; however, it has a different pathophysiology. It is common complication observed in pregnant women with mitral stenosis (Elkyam et al, 2016), leading cause of maternal death following delivery (ESC, 2011). It is characterized by an abnormal accumulation of fluid in the lungs, which occurs when the heart is not able to pump blood efficiently to the circulatory system (Arnold et al, 2013). For example, in patients with pure pulmonary oedema, the problem is one of acute haemodynamic derangement; the patient does not have excess fluid, but pulmonary venous pressure rises such that the rate of fluid transudation into the interstitium of the lung exceeds the capacity of the pulmonary lymphatics to drain away the fluid (Clark, A. L, et al, 2013). In contrast, in patients with peripheral oedema or heart failure, the problem is fluid retention (Clark, A. L, et al, 2013). However, according to Shamai A. Grossman (2004), pulmonary oedema is the most severe manifestation of congestive heart failure, and it develops when an imbalance causes an increase in lung fluid secondary to leakage from pulmonary capillaries into the interstitium and alveoli of the lung. Although, evidence regarding heart failure and pulmonary oedema has shown that the development of pulmonary oedema does not necessarily indicate a cardiac cause and cardiac causes for pulmonary oedema, not all contribute to heart failure. Based on the causes of pulmonary oedema (cardiogenic and non-cardiogenic), this study is interested in cardiogenic pulmonary oedema. 
2.1.1.3 Arrhythmias

Arrhythmia is a group of heart conditions characterized by irregular heartbeat, either fast or slow. The causes of cardiac arrhythmias are usually one or a combination of abnormalities in the rhythmicity-conduction system (Hall, J. E. et al, 2015). Siu et al (2001), found that arrhythmias are the most common cardiac complication during pregnancy, especially in women with structural cardiac disease. In their study, a history of arrhythmias in women with cardiac disease was found to predict cardiac complications during pregnancy. To date, it is known that the majority of women with structural heart disease during pregnancy have an increased rate of arrhythmias (Devies, G. A, et al, 2007). These include sinus tachycardia, premature atrial and ventricular contractions, paroxysmal supraventricular tachycardia (the most common arrhythmia observed in reproductive-aged women), atrial fibrillation and atrial flutter (ESC, 2011). Major complications of supraventricular tachycardias include embolic stroke and pulmonary oedema when associated with mitral stenosis (ESC, 2011; Cunningham, F, et al, 2014).
2.1.1.4 Venous thromboembolism in heart disease

Thromboembolism encompasses deep vein thrombosis (DVT) and pulmonary embolism. It is a global health problem that affects patients with cardiac disease. Pregnancy alone increases the risk of VTE, due to hypercoagulation status related to hormonal changes during pregnancy (Cunningham, F, et al, 2014). However, Ng, T. M, et al (2012) reported that without anti-thrombolytic prophylaxis, DVT occurs in up to 10-22% of patients with heart failure. Pulmonary embolism is the fatal complication. The genesis of the prothrombotic events in congestive heart failure is well described in the background of Virchow’s classic triad. The first constituent, “abnormal blood flow” in the dilated atria and ventricles observed during pregnancy, is thought to be responsible for the development of thrombi, which can subsequently cause serious complications, such as pulmonary embolism and stroke (Adelborg, K, et al, 2015). The second constituent is “abnormalities in the vessel wall”, reflected in congestive heart failure associated with endothelium dysfunction observed during postpartum period; finally, ‘haemostatic abnormalities’ of congestive heart failure comprise the third component of the triad (Dean, S. M, et al, 2010). The 3 are potentially present in normal pregnancy; however, heart lesions increase the risk of thromboembolic events during pregnancy.  
2.1.1.5 Stroke in cardiac disease

The Stroke is a neurological emergency that carries a risk of morbidity and mortality. Cardiac disease is an important risk factor of ischaemic stroke because of increased thromboembolic events and increased activity of pro-coagulant factors observed during pregnancy (Adelborg, K, et al, 2017). In obstetrics, the risk factors of development of stokes during pregnancy and postpartum include preeclampsia, cardiac diseases and obesity (Ovbiagele, B., et al, 2014). Some studies have shown that heart failure associated with low blood pressure may protect against stroke among patients with cardiac disease and heart failure. In the CARPREG study, a previous history of stroke in women with cardiac disease was found to be a predictor of cardiac complications during pregnancy (Siu et al, 2001).
2.1.1.6 Cardiac arrest and heart attacks

Cardiac arrest is an electrical problem in which the heart malfunctions and suddenly stops beating unexpectedly (AHA, 2015). It is reversible in most victims if it is treated within a few minutes, although it is a leading cause of death. The most common cause of cardiac arrest is ventricular fibrillation, known as life-threatening arrhythmia. According to Field, J. M, et al, (2012), ventricular fibrillation occurs when the electrical activity of the heart stops pumping and quivers or fibrillates instead. Other causes of cardiac arrest are electrocution, drug overdose (anti-arrhythmic, antibiotics and antipsychotics), long QT syndrome, massive haemorrhage, lack of oxygen, intense physical exercise, low blood potassium, calcium and heart failure. In obstetrics, the condition is rare, occurring in 1 in 30,000 pregnancies. However, the thromboembolic events in pregnancy are the commonest cause of cardiac arrest in obstetric field.   In addition, heart attack is a circulation problem in which the blood supply to the heart is cut off due to a clot in one of the coronary arteries. In a heart attack, the heart is still sending blood to the body and the patient will be conscious and breathing as well. It is clear that a patient having a heart attack has a high risk of experiencing a cardiac arrest (AHA, 2015).  However, heart attack in pregnant women can be observed with pulmonary embolism and/or aorto-caval compression with gravid uterus, causing a decrease in venous return to the heart and a fall in cardiac output and blood pressure, which can compromise the mother or foetus (Cunningham, F, et al, 2014).
2.1.1.7 Endocarditis

Endocarditis refers to inflammation of any part of the inner layer of the heart, the endocardium, including the heart valves. Infected material may accumulate on valves to cause masses known as vegetations (ESC, 2011). These vegetations are composed of a mixture of infective material, thrombus, fibrin and red and white blood cells (Kaddoura, S, 2016). The size of vegetations varies from < 1 mm to several centimetres. In obstetric, infective endocarditis (IE) during pregnancy is a rare but fatal condition. The potential causes are bacterial (such as streptococcus, staphylococcus, and gram-negative bacteria); fungal (such as aspergillus, candida or chlamydia; and Coxiella) or non-infective, which may be associated with malignancy (marantic) or connective tissue disease, such as systemic lupus erythaematosus, SLE (Libman-Sacks), rheumatoid arthritis and acute rheumatic fever associated with myocarditis and pericarditis (ESC, 2011; Kaddoura, S 2016). 
2.1.2 Obstetric events
2.1.2.1 Post-partum haemorrhage 

Postpartum haemorrhage (PPH) is defined by blood loss of >500 ml during vaginal delivery and more than 1000 ml during caesarean delivery. Cardiac disease is one of the risk factors of PPH. A retrospective study performed by Cauldwell, M and colleagues (2016) identified risk factors associated with PPH among women with heart disease, including anticoagulation use during pregnancy, instrumental delivery, emergency caesarean section under general anaesthesia, a high CARPREG risk index score and Fontan circulation. Similarly, John R Smith and colleagues searched on independent factors of PPH and found that maternal age, high parity, and medical comorbidities (HELLP syndrome, coagulopathy, and diabetes) contribute to increase the risk of PPH. 
2.1.2.2 Depression in pregnant women with cardiac disease

 Depression is known to be a risk factors of cardiovascular disease, as well as predictor of poor prognosis. In one study done on the field, depression was associated with worse health-related quality of life, recurrent cardiac events, and mortality, independent of traditional risk factors (Huffman, J. C, et al, 2013). In pregnant and postpartum women with a pre-existing cardiac disease the condition is less reported in empirical and contemporary studies. Siu and colleagues reported 1 case who died by suicide. The risk factors for developing depression in cardiac disease include younger age, sex, low education level, single marital status, comorbidities and patients in NYHA functional class III-IV (Huffman, J. C, et al, 2013).
2.1.2.3 Intensive care unit admission

Cardiac disease in pregnancy is among the critical illnesses emerging rapidly in sub-Saharan Africa. Unfortunately, the region has poor intensive care unit infrastructure and lack of human resources. In addition, the current evidence has shown the advantage for extremely high-risk and high-risk pregnant women to deliver in intensive care unit (ESC, 2011), under multidisciplinary team and continuous monitoring. The cost of ICU care and a lack of adequate infrastructure has been a challenge of admitting pregnant women with cardiac disease in ICU for delivery (Sendagire, C, et al, 2015). However, the introduction of cardiac care unit in some facilities has contributed to improve the need of delivery under continuous monitoring for early detection and management of fatal cardiovascular events which may occur during labour and delivery, or immediate postpartum (Kasaoka, S 2017). 
2.1.2.4 Maternal mortality 

Cardiac disease is one of indirect causes of maternal death, meaning that it is unrelated to any complications of pregnancy itself. Most of deaths from underlying cardiac conditions occur in sub-Saharan Africa. Diao, M, et al (2011) reported a mortality of 34% in sub-Saharan Africa, essentially due to rheumatic heart disease. Block, J (2017) found that delayed and inadequate diagnosis and treatment contribute to up to 77% of all maternal deaths due to cardiac disease. 
2.2. FOETAL AND NEONATAL OUTCOMES IN CARDIAC DISEASE

2.2.1 Abortion in heart disease

The World Health Organization defines abortion as expulsion of the foetus before it is viable (before the 20th week gestation or a weight of 500 grams). In this study, interruption of pregnancy before the 28th week gestation (either spontaneous or induced) was considered abortion. Pregnant women with cardiac disease are at risk of spontaneous and/or induced abortion during the course of pregnancy. In line with this, abortion was found to be the first cause of maternal death worldwide, and cardiac disease contributed up to 17 percent of these deaths in the United States (Guiahi, M, et al, 2012). The reasons for therapeutic medical abortion among women with cardiac disease include worsening maternal cardiac condition, unplanned pregnancy, and foetal abnormalities. In addition, some medications such as warfarin has been associated with spontaneous abortion. The mode of termination of pregnancy determines maternal outcomes. In a retrospective study conducted by Bagga, R et al (2008), the proportion of maternal mortality due to therapeutic medical termination among women with cardiac disease was found to be 2.1%, accounting for 0.6% of maternal deaths from surgery. 
2.2.2 Preterm delivery and low birth weight 

Preterm birth, spontaneous or induced (premature birth before the 37th week of gestation) is one of the most frequent obstetric events among pregnant mothers with cardiac disease. This preterm birth of these newborns is associated with morbidity and mortality observed worldwide. In line with this, Siu et al (2002) reported a preterm delivery rate of up to 12.9%, related to an increased incidence of cardiac dysfunction among pregnant mothers with cardiac disease. Further, evidence has shown that intrauterine growth restriction is a known foetal complications in women with cardiac disease due placental insufficient blood supply (ESC, 2011). Its severity depends upon the maternal condition and the medications used during pregnancy (Siu et al, 2002). Preterm and foetal intrauterine growth restriction are part of low birth weight newborns (a name used only after birth). 
2.2.3 Low Apgar score

The Apgar score is the most accepted and convenient method for reporting the status of the newborn infant immediately after birth and the response to resuscitation if needed. It is a scoring system made by Dr Virginia Apgar in 1952, assessing the clinical status of the newborn infant at 1 minute (gold minute) of age and the need for prompt intervention to establish breathing (Committee in obstetric practice, 2015). Lobo, A. M, et al (2011) reported that the Apgar score reflects the stress experienced by the neonate during the birth process and consists of five components, including appearance (color), pulse rate (heart rate), grimace, respiratory effort, and reflex response, each of which is given a score of 0, 1 or 2. However, Apgar score alone cannot be considered to be evidence of or a consequence of asphyxia, does not predict individual neonatal mortality or neurologic outcome, and should not be used for that purpose (Committee in obstetric practice, 2015). The ACOG, in collaboration with the AAP (2015), defined a 5-minute Apgar score of 7-10 as reassuring, a score of 4-6 as moderately abnormal, and a score of 0-3 as low in term and late-preterm infants but nonspecific of illness or encephalopathy. However, the low Apgar scores at 5 minutes and 10 minutes clearly confer an increased relative risk of cerebral palsy (AAP, 2014). Infants born to women with cardiac disease may have abnormal Apgar score related to maternal condition and issues surroundings labour and delivery. In line with this, Ross-Hesselink. J. W, et al (2013) found that the Apgar score was related to maternal conditions, congenital abnormalities, and drugs used during labour and other surrounding conditions likely to compromise foetal status during birth.   
2.2.4 Newborn unit admission or intensive care admission

The neonatal period is one of highly vulnerability worldwide. The NBU or NICU, an intensive care unit specializing in the care of ill or premature newborn infants. The critical nature of infants born to mothers with cardiac disease predisposes them to admission for specialized nurseries. However, the reasons of admission include maternal factors, newborn factors, and delivery factors. The major causes are prematurity and its complications, birth asphyxia, sepsis or infection, foetal abnormalities, meconium aspiration and hypothermia (AAP, 2014). To date, neonatal care is split into categories or “levels of care”. Babies born to mothers with cardiac disease do better if they are born in a hospital with a NICU or NBU than if they are moved after birth (Committee in obstetric practice, 2014). This strategy has contributed to improve perinatal outcomes in high risk patients.  
2.2.5 Neonatal mortality and cardiac disease

Maternal cardiac disease is associated with a higher risk of perinatal mortality. Demisse, A. G, et al (2017) found that in developed countries, the primary cause of mortality in neonates is congenital defects, heart defects included; whereas in developing countries, factors contributing to high mortality among neonates include prematurity and low birth weight, infection, perinatal asphyxia and hypothermia. These are similar to contributing factors of neonate deaths; however, with higher rates in those born to women with cardiac disease. In line with this, Ross-Hesselink, J. W (2013) reported a 21% prevalence of foetal mortality among women with cardiac disease.   
2.3 FACTORS RELATED TO ADVERSE OUTCOMES 

2.3.1 Type and severity of heart disease

2.3.1.1 Congenital heart disease

Congenital heart disease (CHD) is defined by the WHO (2011) as a defect in the structure and function of the heart due to abnormal heart development before birth. It is the most common type of heart disease in developed countries. It is divided into cyanotic and non-cyanotic type. The cyanotic heart diseases are Fallot tetralogy (FT) and Eisenmenger syndrome. Fallot tetralogy is the most common form of cyanotic heart lesion; it is a combination of VSD, pulmonary valve stenosis (PVS), right ventricular hypertrophy (RVH) and an overriding aorta (Duta et al, 2013). The non-cyanotic congenital heart diseases are atrial septal defect (ASD), ventricular septal defect (VSD), pulmonary stenosis (PS), coarctation of the aorta (CoA), mitral valve prolapse (MVP), and patent ductus arteriosus (PDA); they are moderately associated with maternal and foetal adverse outcomes (ESC, 2011& Dutta, D.C, 2013).
2.3.1.2 Acquired heart diseases

2.3.1.2.1 Rheumatic heart disease 

Rheumatic heart disease is the long-term result of complications of acute rheumatic fever (ARF), a neglected disease of poor and disadvantaged people. ARF and RHD occur at a very high rate in developing countries and predominantly affect children, adolescents and young adults aged less than 40 years, causing premature mortality among these populations (RHD-Australia et al, 2012; WHO, 2001). Almost all deaths from RHD are known to be 100% preventable. Although, several factors contribute to the inability to prevent the disease and ensure adequate management in high-risk populations, especially in low and middle-income countries. 
2.3.1.2.2 Valvular heart disease

Valvular heart disease comprises lesions that are the sequelae of congenital abnormalities or acquired lesions, such as rheumatic fever and degenerative aortic stenosis, and mitral valve prolapse secondary to myxomatous leaflet degeneration (ESC, 2011). Some disorders may involve more than one valve. Valvular heart diseases are classified as stenotic and regurgitant valvular heart diseases. The diagnosis is made according to the patient’s history, physical examination and echocardiography.
2.3.1.2.2.1 Stenotic valvular heart disease

In pregnant women, stenotic valvular heart diseases increase cardiac output as part of haemodynamic changes during pregnancy and cause an increase in the intravascular gradient, leading to an increased risk of maternal and foetal complications (ESC, 2011). The stenotic valvular heart diseases include mitral stenosis, aortic stenosis, tricuspid stenosis, and pulmonic stenosis.
2.3.1.2.2.1.1 Mitral stenosis 

Mitral stenosis is the most common valvular lesion and the leading causes of cardiac events during pregnancy. This is because the increase in blood volume and cardiac output observed during pregnancy causes a significant increase in the mitral valve gradient, especially during the second and early third trimesters (Roos-Hesselink, J, W, et al, 2013). In addition, pregnancy associated with tachycardia may also shorten diastolic filling and accentuate the gradient. Therefore, in patients with moderate or severe MS (mitral valve area (MVA) <1.5 cm²), symptoms of heart failure may occur, including breathlessness due to pulmonary oedema (ESC, 2013). Kaddoura, S (2016) reported that atrial fibrillation (AF) is the most common complication of MS; it may initially be paroxysmal, but eventually it becomes chronic as the MS and left atrial (LA) dilatation progress. Recently, studies have shown that approximately 40% of patients with MS exhibit chronic AF, and the incidence increases with age and left atrial size.  Even moderate, the current evidence has shown that MS is the leading cause of maternal deaths in developing countries. 
2.3.1.2.2.1.2 Aortic stenosis

Severe rheumatic aortic stenosis (AS) in pregnancy is far less common than MS in developing countries. Although, AS is primarily due to a congenital bicuspid aortic valve in developed countries and rheumatic heart disease in developing countries. Women with severe AS (gradient over 50 mmHg and/or valve orifice < 1 cm²) are at significant risk of adverse maternal and foetal outcomes (ESC, 2011; Siu et al, 2001; and Balci, A, 2012). Mild to moderate aortic stenosis is usually well tolerated during pregnancy, while severe aortic stenosis, with an aortic valve area of less than 1.5 cm², is life threatening (Siu et al, 2001). The recent evidence shows that asymptomatic severe AS is well tolerated during pregnancy and maternal mortality is close to zero percent, even with severe AS (PG Piper, P. G, et al, 2011).   
2.3.1.2.2.2 Regurgitant valvular heart disease

Regurgitant valvular heart diseases include mitral regurgitation, aortic regurgitation, tricuspid regurgitation, and pulmonic regurgitation. Left-sided regurgitant valve lesions carry a lower risk during pregnancy because the decreased systemic vascular resistance reduces regurgitation volume (ESC, 2011). Therefore, severe regurgitation with left ventricle dysfunction is poorly tolerated, as is acute severe regurgitation (ESC, 2011), and heart failure rarely develops during pregnancy (Cunningham, F et al, 2014).
2.3.1.2.2.2.1 Mitral regurgitation

The mitral valve is the most common site of valvular lesions in RHD, and it damage to it is particularly common in young patients who have not yet developed scarred and stenotic valves from persistent or recurrent valvulitis (RHD-Australia et al, 2012).  Mitral valve prolapse is the most common cause of mitral regurgitation in pregnant women (ESC, 2011). However, it is usually well tolerated during pregnancy, particularly in patients with no or mild symptoms (NYHA class I or II) (ESC, 2011), because the normal drop in systemic vascular resistance during pregnancy improves the cardiac output, unless the regurgitation is severe and symptomatic (Balci, A, 2012).  
2.3.1.2.2.2.2 Aortic regurgitation

Isolated aortic valve regurgitation is a rare but recognized manifestation of RHD that occurs in 2.8% of affected adults (RHD-Australia et al, 2012). Studies have shown that there is concomitant mitral valve and/or tricuspid valve disease among patients with AR. In addition, moderate or more severe AR results in left ventricle (LV) overload, with an increase in LV end-diastolic volume, which helps maintain the increased total volume (ESC, 2011). However, aortic regurgitation is well tolerated during pregnancy because as with mitral regurgitation, the normal drop in systemic vascular resistance improves the cardiac output in cases of valvular insufficiency unless the regurgitation is severe (ESC, 201; Balci, A, 2012). Other conditions that have been associated with aortic valve disease include connective tissue disease, aortitis and hypertension. However, the prevalence of these conditions appears to increase with age (ESC, 2011; RHD-Australia et al, 2012).
2.3.1.2.3 Tricuspid regurgitation

Tricuspid valve regurgitation (TR) is a condition in which the valve between the two right heart chambers (the right ventricle and right atrium) does not close properly (ESC, 2011). Topilsky, Y et al (2018) found that TR, even moderate, is associated with more severe heart failure presentation at diagnosis, especially right heart failure and LV dysfunction. It is a common complication of pulmonary hypertension and right-sided congenital heart disease, but it is also associated with increased morbidity and mortality (Driessen, M. M, et al, 2018). It results from an increase in left atrial pressure (LAP) as a consequence of pulmonary hypertension (PH). However, mild physiologic TR occurs during pregnancy (Mangieri, A, et al, 2018). 
2.3.1.2.4 Complex heart valvular disease

In patients with RHD, both mitral and aortic valve disease may coexist, as may RHD and CHD. There is evidence that pregnancy is a high-risk condition in women with complex cardiac disease and especially those with heart valvular disease associated with severe pulmonary hypertension (Van Hagen, 2016). Some studies have demonstrated the advantage of coexisting valvular heart disease without pulmonary hypertension in which the proximal valve lesion may modify the effects of the distal lesion. For example, severe MS may prevent the development of significant LV dilatation secondary to AR (ESC, 2011; RHD-Australia, 2012). 
2.3.1.2.5 Prosthetic heart valves in pregnancy

Prosthetic heart valves or valve replacements are alternative treatments for valvular heart diseases that reduce the morbidity and mortality associated with cardiac disease. Despite the success of such treatment, women with prosthetic valves are at high risk of bacterial endocarditis (ESC, 2011; Cunningham, F, et al, 2014; and Kardon, E. M, et al, 2015). There are two major groups of prosthetic valves: biological valves and mechanical valves. Biological valves are thought to be safe during pregnancy because they do not require the use of anticoagulants. Most patients with normal functioning bioprosthetic valves who are asymptomatic or mildly symptomatic tolerate the haemodynamic changes of pregnancy well, although heart failure may occur, especially if LV function is already impaired (RHD-Australia et al, 2012).
2.3.1.2.6 Ischaemic heart disease

Ischaemic heart disease includes acute myocardial infarction (MI) and unstable and stable angina. The risk factors associated with ischaemic heart disease include diabetes mellitus, smoking, hypertension, hyperlipidaemia, and obesity (Cunningham, F et al, 2014). The WHO et al (2011) found that African women of reproductive age are unlikely to have ischaemic heart disease because few are smokers, and they are not exposed to risk factors because of their low socio-economic status.
2.3.1.2.7 Cardiomyopathies

2.3.1.2.7.1 Dilated cardiomyopathy

Dilated cardiomyopathy is associated with significant mortality and morbidity characterized by left and/or right ventricular enlargement and reduced systolic function in the absence of coronary, valvular, congenital or systemic disease (Cunningham, F, et al, 2014). The ESC found that the condition can be confused with preeclampsia because patients with both conditions have hypertension. 
2.3.1.2.7.2 Hypertrophic cardiomyopathy

Hypertrophic cardiomyopathy is a common condition characterized by cardiac hypertrophy, myocyte disarray, and interstitial fibrosis (ESC, 2011); it affects 1 in 500 adults (Cunningham, F, et al, 2014). The condition is caused by mutations in any one of more than a dozen genes that encode cardiac sarcomere proteins (Cunningham, F, et al, 2014). The primary causes of the disease are genetic (hypertrophic cardiomyopathy, arrhythmogenic right ventricular dysplasia) and acquired conditions such as myocarditis, stress (takotsubo), and peripartum cardiomyopathy (ESC, 2011). The secondary causes include drug toxicity (heavy metals), endomyocardial disorders (hyper-eosinophilic syndrome), endocrine diseases (diabetes, thyroid dysfunction) and autoimmune diseases (systemic lupus erythaematosus, scleroderma) (ESC, 2011 & Cunningham, F, et al, 2014). 
2.3.1.2.7.3 Peripartum cardiomyopathy

Peripartum cardiomyopathy is a disorder similar to non-ischaemic dilated cardiomyopathy except for its unique relationship with pregnancy (ESC, 2011; Cunningham, F, et al, 2014). Recently, Cunningham and colleagues stated that peripartum cardiomyopathy is a diagnosis of exclusion following a concurrent evaluation for peripartum heart failure. Diagnostic criteria consist of the development of heart failure in the last month of pregnancy or within five months after delivery, the absence of an identifiable cause for heart failure, the absence of recognizable disease prior to the last month of pregnancy, and left ventricular systolic dysfunction demonstrated by classic echocardiographic criteria (depressed ejection fraction or fractional shortening along with a dilated left ventricle) (ESC, 2011). 
2.3.1.2.8 Pulmonary hypertension and Eisenmenger syndrome
Pulmonary hypertension is a multifactorial disease defined by a mean pulmonary pressure of > 25 mmHg in non-pregnant women measured during right heart catheterization at rest (ESC, 2016). However, Eisenmenger syndrome is both a form and the cause of pulmonary hypertension and is specifically related to congenital heart disease (ESC, 2011). The causes of pulmonary hypertension include congenital heart disease with cardiac shunts (10%), rheumatic heart disease, connective tissue disease, sickle-cell disease, thyrotoxicosis and idiopathic causes (ESC, 2016; D'Alto, M, et al, 2012). Recently, evidence has shown the role of environmental and genetic factors, such as drug use during pregnancy and mutations of bone morphogenetic protein receptor type 2 (BMPR2) as well as proteins (activin receptor-like kinase, ALK-1), among affected patients (D'Alto, M, et al, 2012). The common risk factors for developing pulmonary hypertension and Eisenmenger’s reaction include ventricular septal defect (VSD), atrial septal defect (ASD), persistent ductus arteriosus, atrioventricular septal defects or truncus arteriosus, and mitral stenosis. However, studies have shown that the size of the congenital defect influences whether the patient is at risk of developing pulmonary hypertension. In line with this, evidence has shown that 3% of patients with small or moderate VSD (≤1.5 cm in diameter) are at risk of developing pulmonary hypertension and those with large defect (> 1.5 cm) all develop Eisenmenger syndrome (ESC, 2016).
The pathophysiology of pulmonary hypertension is related to vasoconstriction, medial wall hypertrophy and remodelling of the pulmonary vascular bed (ESC, 2011) as a result of extensive damage to the pulmonary arteries, which leads to fibrosis of the pulmonary arterial tree. The mechanism of this damage is that high flow and pressure cause pulmonary vascular endothelial damage with destruction of the endothelial barrier function. This then causes the activation of vascular elastase and matrix metalloproteinases, leading to degradation of the extracellular matrix and neointima formation (D'Alto, M, et al, 2012). Furthermore, studies have shown that inflammation and thrombosis are thought to occur through the adherence and activation of platelets and leukocytes after endothelial damage and the creation of secondary coagulation pathways. Endothelial dysfunction, which causes an increase in vasoconstriction (endtholin-1 and thromboxane) and a decrease in vasodilators (nitric oxide, vasoactive peptide and prostaglandin I2), leads to vascular remodelling (ESC, 2016). The decreased level of prostacyclin (potential pulmonary and systemic vasodilator) has been associated with pulmonary hypertension. However, the severity of the disease and its outcomes are directly determined by the level of circulating endothelin (ESC, 2016; D'Alto , M, et al, 2012). 
The WHO has classified pulmonary hypertension into five groups distinguished by the prognosis and therapeutic response between group I, indicating that a specific disease affects the pulmonary arterioles; group II, pulmonary hypertension related to left sided cardiac disease; group III, pulmonary hypertension related to lung disease or hypoxia; group IV, thromboembolic pulmonary hypertension; and group V, pulmonary hypertension related to multifactorial mechanisms (Cunningham, F, et al, 2014). However, studies have shown that women with severe pulmonary hypertension are at high risk for mortality during pregnancy, and maternal mortality due to pulmonary hypertension, previously estimated to be 30-50%, has been recently reduced to 17-30% (Pieper, P.G, et al, 2011). Because of the risk of cardiac complications during pregnancy, several tools have been developed. Of those, the modified WHO risk category and the CARPREG and ZAHARA risk indices are used in clinical practice. These tools value pre-pregnancy assessment but can also be used for pregnant mothers with cardiac disease who present late to identify those at risk of developing cardiac events (Piper, P.G, 2011). To date, a potentially useful new predictor of maternal cardiac events is B-type natriuretic peptide (BNP) (Piper, P. G, 2011). Evidence has shown that the BNP obtained during the first trimester (≤100 pg/ml) had a negative predictive value of 100% for adverse cardiac events (Piper, P. G, 2011). 
2.3.2. Individual factors related to adverse outcomes

Access to specialized care services is still challenging for the majority of women in low-resource areas, despite the existence in most countries of free maternity care to address targeted health problems for pregnant women (WHO, 2010). According to Kenya Demographic Statistics, KDS (2014), only 60% of births are attended by skilled birth attendants. Of those, only 26% are delivered by doctors. Despite a high rate of ANC attendance (96%), only 20% of pregnant women had their first ANC visit in the first trimester, as recommended. These factors contribute to delays in diagnosis and in initiating treatment for life-threatening conditions in early pregnancy. In line with this, evidence shows that poverty translates by low socio-economic level into a lack of health insurance coverage, and poor health literacy limits access to specialized care, compliance with treatment and preconception care. The disadvantage of this situation is especially severe among rural householders (Spleen, M. S, et al, 2014).  
CHAPTER THREE

METHODOLOGY

3.1 Study setting

This study was conducted at Moi Teaching and Referral Hospital, the second largest national referral hospital in Kenya, located in the western part of the country. The study consecutively enrolled all consenting women with cardiac disease over two years, follow up included. Patients were enrolled from different sites within the hospital including the antenatal care and postnatal clinics; the labor ward; the antenatal and postnatal wards; the cardiac clinic and cardiac care unit (CCU), the intensive care unit (ICU), the anticoagulation clinic and cardiac diagnostic unit (CDU) and the memorial. 
3.2 Study population

The study population included pregnant mothers with abnormal echocardiographic and electrocardiographic findings seeking care at Moi Teaching and referral hospital. 
3.2.1 Inclusion criteria

1.  All pregnant mothers with confirmed cardiac disease or a diagnosis of cardiac disease during their current pregnancy. 
2. All patients (> 18 years old) or legal representatives (for patients <18 years old, those with mental illness and those in critical condition) who provided informed consent to participate in this study.
3.2.2 Exclusion criteria

1. Women who were unable to stick to the study follow up procedure such as those on transit or residing in faraway counties with no reliable communication.
3.3 Study design

This was a longitudinal study that was carried out in pregnant and postpartum women with cardiac disease from October 2016 to October 2018 (follow up included). 
3.4 Sampling procedure

All pregnant and post-partum mothers with cardiac disease who met the inclusion criteria were consecutively recruited and followed up until six weeks postpartum for each.  Their infants were followed up to 28 days after delivery.  
3.5 Sample size estimation

This study used the Cochran formula (Daniel, W. W, et al, 2013) to calculate the sample size: 
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Which is valid with where n0 is the sample size; Z² is the abscissa of the normal curve that cuts off an area at the tails (1-a equals the desired confidence level at 95%=1.96); σ² is the standard error= √power= √0.8; and d² is the degree of freedom=0.05. The value of Z is found in statistical tables that contain the area under the normal curve. Furthermore, we desired a 95% confidence level and ±5% precision. Therefore,
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The estimated population of the current study was smaller than the sample size determined, with approximately 4 pregnant women with cardiac disease admitted every month. A total of 80 patients was expected over a period of 20 months and would be followed up to 24 months. As the population was small, the sample size was slightly reduced (finite population correlation for proportions). The sample size (n0) can be adjusted using the following equation:
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Here n0 is Cochran’s sample size recommendation, N is the population size, and n is the new, adjusted sample size.
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To account for loss to follow up, a dropout rate of 20% was applied using the thumb formula, 76x15.2= 91.2. Therefore, approximately 91 pregnant and postpartum women with cardiac disease were enrolled and followed up to 6 weeks postpartum for each patient. Data collection for the last participants up to October, 2018 to complete the 24 months scheduled for the study. 
3.6 Study procedure 

The criterion for entrance into the study was abnormal echocardiographic and electrocardiographic findings in pregnant women. Data from the participants were collected in 2 phases. The first phase began after informed consent to participate in this study was signed. The patients were then interviewed by the principal investigator or research assistant, using a structured questionnaire to collect socio-demographic information (age; education level; marital status; occupation; residence location; lifestyle such smoking; alcohol drinking; body mass index, calculated as weight in kilograms divided by height in meters squared); baseline obstetric information (parity, last menstrual period, gestational age, rhesus blood group, history of previous pregnancy) and medical information (symptoms, previous history of cardiac disease, previous cardiac events and cardiac intervention, previous medication and comorbidities). Details related to the nature of cardiac disease, specific lesions and comorbidity were obtained from medical records. The second phase of data collection occurred during follow up; it was structured according to gestational period and focused on positive findings determined by occurrence of either cardiac and obstetric events or disease progression. Appointments for follow up were determined by the clinicians and captured by the principal investigator and/or research assistant, who reminded the patient of the dates of subsequent visits. To achieve satisfactory, follow up, all participants were asked to provide at least three telephone numbers and full addresses. During both phases, the participants’ privacy was maintained during the interview, as was the confidentiality of collected information.
Cardiac events were defined by the occurrence of heart failure, pulmonary oedema, arrhythmias, cardiac arrest, endocarditis, and thromboembolic events. Obstetric events were defined by the occurrence of intrauterine foetal demise, intrauterine foetal growth restriction, preterm labour and preterm delivery, postpartum depression, miscarriage, therapeutic medical termination of pregnancy, admission to the intensive care unit, and maternal death, whereas disease progress was defined by worsening maternal condition during follow up. In addition, foetal events were defined as obstetric events starting at conception, while neonatal events were defined by a low Apgar score (<7) at 5 minutes, prematurity or low birth weight (<2500 grams), admission to the newborn unit or the newborn intensive care unit, and neonatal death (within 28 days after birth). Comorbidity was defined by the presence of any additional medical condition, such as hypertensive disorders, anaemia, HIV-AIDS, thyroid disease, malnutrition, renal disease, etc. The type of cardiac disease was defined as rheumatic heart disease, congenital heart disease or cardiomyopathies. Heart valvular diseases were defined according to the European Association of Echocardiography and American Society of Echocardiography recommendations for the echocardiographic assessment of valve lesions. The severity of mitral stenosis (MS) was defined as follows: 
· Mild MS: mitral valve area (mva) >1.5 cm² or mean gradient <6 mmHg
· Moderate MS: mva 1.0-1.5 cm² or mean gradient 6-12 mmHg
· Severe MS: mva <1.0 cm² or mean gradient >12 mmHg
The references for other specific valve lesions are provided in the attached in the data collection tool. Regurgitant valve lesions including MR, AR, PAH and TR, were quantified based on visual inspection. The NYHA classification was used to define patients as asymptomatic (NYHA class I) or symptomatic (NYHA class II, III and IV). For congenital heart disease, which was classified according to the size of the congenital heart lesion rather than the anatomic position, lesions were classified as small, moderate or large, while cardiomyopathies were classified as hypertrophic or dilated. Pulmonary hypertension, primary or secondary, was classified as mild, moderate or severe, depending upon pulmonary pressure. Depending upon the severity of the cardiac lesion and the NYHA functional classification, patients were classified using the modified World Health Organization (WHO) risk category divided into four groups:
· Low risk (WHO category I): no detectable increase risk for maternal mortality and no or mild risk increase risk in morbidity. This includes patients with successful repaired of simple lesion (ASD, VSD, PDA, anomalous of pulmonary venous drainage), uncorrected FT, atrial or ventricular ectopic beats (or isolated), and NYHA class I and II patients.
· Medium risk (WHO category II): small increase in maternal risk mortality or moderate increase in morbidity. This includes women with unrepaired atrial and ventricular septa defect, patent defect arteriosus, mild MS, MR, tricuspid disease, corrected FT or aortic coarctation, unimpaired left ventricular function, mitral valve prolapses, pulmonary stenosis, most of arrhythmias (supraventricular arrhythmias).
· High- risk (WHO risk category II-III and III): significant increased risk of maternal mortality or severe morbidity. This category includes patients with moderate MS, atrial fibrillation, asymptomatic aortic disease, mild to moderate left ventricular impairment, aortic coarctation without valve involvement, Marfan syndrome without aortic dilatation, NYHA class III, aorta dilatation <45 mm in association with bicuspid aortic valve disease, mechanical valve, systemic right ventricular impairment, Fontan circulation, unrepaired cyanotic disease, aortic dilatation 40-45 mm in Marfan syndrome, aortic dilatation 45-50 mm in bicuspid aortic valve disease; and   
· Extremely high-risk (WHO risk category IV): extremely high risk of maternal mortality or severe morbidity. This category includes patients with pulmonary hypertension from any cause, Eisenmenger syndrome, aortic coarctation with valvular involvement, Marfan’s syndrome with valve involvement, severe MS, severe symptomatic aortic disease, aortic dilatation >50 mm in aortic disease associated with bicuspid aortic valve, severe coarctation of the aorta, and severe left ventricular dysfunction (<30%, NYHA class III-IV).  
Electrocardiography (ECG) was used to confirm the diagnosis of arrhythmias, while chest radiography was used to confirm the clinical diagnosis of pulmonary oedema. Echocardiography was also used to assess the ejection fraction of the left ventricle and the global heart structure. Obstetrical ultrasound was used to assess foetal well-being (viability, amniotic volume, foetal growth, assess foetal anatomy, Doppler umbilical artery study) and to date the pregnancy. For pregnancy dating, if the difference between the last menstrual period and the ultrasound finding was more than 7 days, the ultrasound assessment was used as a reference. Blood work (full blood count, liver function, urea-creatinine and electrolytes) or urinalysis was performed to rule out any comorbidity upon clinician request.
Additional information about health insurance coverage, antenatal care visits and the level of care or facility of attendance, cardiac clinic attendance, awareness of the disease, barriers to accessing tertiary-level care, preconception care prior to pregnancy, counselling about family planning, cardiovascular medication use during pregnancy, and place and mode of delivery were also captured to determine factors other than the traditionally considered variables, particularly those specific to the context of a resource-limited setting, that may be related to adverse outcomes. The principal investigator and research assistant were vigilant about capturing any procedure or medication, occurrence of cardiac or obstetric events that occurred at any time during follow up. All information captured was directly entered into Microsoft Excel for basic statistical analysis.  
3.7 Study variables

3.7.1 Dependent variables

The dependent variable of the study was defined by maternal, foetal and neonatal mortality. 
3.7.2 Independent variables

Independent variables (predictors) included cardiac events, including heart failure, pulmonary oedema, stroke, VTE (DVT and pulmonary embolism), arrhythmias, endocarditis, and cardiac arrest, and obstetric events, including miscarriage and/or therapeutic medical termination of pregnancy, preterm labour, depression, postpartum haemorrhage, antepartum haemorrhage, preeclampsia, and admission to the ICU. Foetal and neonatal events included prematurity or low birth weight, congenital heart malformation, low Apgar score at 5 minutes, and admission to the NBU/NICU.
3.7.3 Confounding variables

Confounding variables included maternal age, level of education, profession, marital status, residence, health insurance coverage, parity, antenatal clinic visits and facility attended, comorbidities, access to specialized care and barriers (financial, transportation, distance, lack of awareness about the disease), cardiac intervention prior to pregnancy, type and severity of cardiac lesions, NYHA functional class and WHO risk category, medication use during pregnancy, and place and mode of delivery. 
3.8 Data management and analysis

The data were entered to the computer and analysed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp). Categorical data were described as frequency and percent, while continuous data were described as range (minimum and maximum), mean, standard deviation and median. The significance of the obtained results was judged at the 5% level. The chi-square test was used for categorical variables, to compare different between groups based on their outcomes. Fisher’s Exact was used for chi-square when more than 20% of the cells have expected count less than 5.  
3.9 Ethical considerations

We sought formal ethical approval from IREC-MTRH/MU to conduct the study and informed consent was obtained from all participants. 
3.10 Quality control

1. Research assistants were trained by the principal investigator. The principal investigator was routinely monitored the collected data to assure the consistency and quality of the interviewing process;
2. The participant interviews were considered the primary data source based on the criterion standard; 
3. The data and completed questionnaires were stored in a safe place under lock and key and will be maintained there for 10 years; 
4.  Meetings with research assistants were routinely held to address data collection problems. 
5. ECGs and echocardiograms were archived and reviewed by a senior cardiologist and sonographer.
3.11 Dissemination plan

The study findings were prepared as a manuscript and submitted for publication in peer reviewed journals. Furthermore, the results were presented at conferences relevant to the topic, and the protocol was revised and adopted for local implementation. 
CHAPTER FOUR
RESULTS
Figure 1: Flow chart of study participants recruitment 
The figure 2, shows that a total of 22,573 pregnant and postpartum women where admitted at Riley Mother and Baby Hospital of MTRH, of whom [103(0.5%)] had heart cardiac disease, and responsible for 27.5% of all maternal deaths. In this study, only, 91 pregnant or postpartum women with cardiac disease were included. Of those, [90(98.9%)] had completed follow-up, and one lost to follow-up. 
4.1. Maternal characteristics

Table 4.1.1: Maternal socio-demographic and clinical characteristics 
	Variables
	Frequency 
	%

	Maternal age (median, IQR)
Maternal BMI (median, IQR)
	27 (23,33)
22 (20,25)


	
	

	Education level

	Illiterate  
Primary
Secondary
Tertiary
	5
23
29
	5.6
25.6
32.2

	
	33
	36.7

	Residence location

	Rural 
Urban
	72 
18
	80.0
20.0

	Occupation

	Housewives
Students
Self-employees
Employees
	43
11
25
8
	47.8
12.2
27.8
8.9

	Health insurance coverage

	Yes
No
	32
56
	35.6
62.2

	Marital status 

	Single
Married
	28
62
	31.1
68.9

	Cigarette smoking  

	Yes
No
	0
90
	00.0
100.0

	Alcohol drinking
Yes
No
	0
90
	0.00
100.00


In terms of sociodemographic characteristics, the median maternal age at the time of enrolment was 27 years (23, 33) and the median body mass index was 22 kg/ m² (20,25). Thirty-six percent 33(36.7%) of the participants had a high education level (tertiary level); 29(32.2%) had a secondary school education; and 28(31.1%) had a low education level (no education or a primary level).  
Table 4.1.2: Maternal clinical characteristics 
	Variables 
	Frequency 
	%

	Type of cardiac lesion
	80
3
7
0
	88.9
3.3
7.8
0.0

	Rheumatic heart disease
Congenital heart disease
Cardiomyopathies
Ischaemic heart disease
	
	

	Previous cardiac condition

	Known cardiac patient
Unknown cardiac patient
	42
48
	46.7
53.3

	
	
	

	Comorbidities
	

	Yes
No
	30
60
	33.3
66.7

	Treatment prior to or during pregnancy

	Yes
No 
	43
47
	47.8
52.2

	Intervention prior to pregnancy

	Yes
No
	6
77
	7.2
92.8

	Parity
	

	Primigravid
Multiparous (≤3)
Grand multiparous (≥4)
	38
30
22
	42.2
33.3
24.4

	Mode of admission
	
	

	Home
Transfer
	35
955
	38.9
61.1

	Gestational period (in weeks):
First trimester
Second trimester
Third trimester 
Intrapartum
Postpartum
	1
29
40
7
13
	1.1
32.2
44.4
7.8
14.4

	Number of foetus
Singleton
Twins
	88
2
	97.8
2.2


The table 4.1.1 shows that rheumatic heart disease was the most frequently reported condition 80(88.9%), followed by cardiomyopathy 7(7.8%) in which 6 cases of dilated cardiomyopathy and one case of peripartum cardiomyopathy were observed. The participants diagnosed with congenital heart defects accounted for 3(3.3%). Fifty-three percent 48(53.3%) were first diagnosed with cardiac disease during their current pregnancy, while 42(46.7%) were patients with known cardiac disease prior to pregnancy. Thirty-three percent 30(33.3%) of the women with cardiac disease had comorbidities. Almost half, 43(47.3%) of the participants reported using medications during pregnancy.
The majority of the patients 55 (61.1%) were referred from peripheral facilities, and 38 (38.9%) came directly from home. Forty-four percent 40(44.4%) of the women were enrolled in the third trimester (29-40 weeks), and 13(14.4%) were enrolled during the postpartum period. Only 2(2.2%) of the women had twin pregnancies
Table 4.1.3: Baseline echocardiographic and electrocardiographic findings

	Variables
	Frequency (%)

	LV function                                                              n=90

	Normal LV function 
	
	68(75.6)

	Mild LV dysfunction
	
	3(3.3)

	Moderate LV dysfunction 
	
	11(12.2)

	No documentation on LV function
	
	4(4.4)

	Severe LV dysfunction
	
	4(4.7)

	Mitral stenosis                                                         n=65

	

	Mild MS
	
	28(43.1)

	Moderate MS
	
	18(27.7)

	Severe MS
	
	19(29.2)

	Mitral regurgitation                                                n=49

	Mild MR
	
	13(26.5)

	Moderate MR
	
	29(59.2)

	Severe MR
	
	7(14.3)

	Aortic stenosis                                                          n=14

	Mild AS
	
	2(14.3)

	Moderate AS
	
	6(42.9)

	Severe AS
	
	6(42.9)

	Aortic regurgitation                                                n=6

	Mild AR
	
	0(00.0)

	Moderate AR
	
	2(33.3)

	Severe AR
	
	4(66.7)

	Tricuspid regurgitation                                          n=45

	Mild TR
	
	13(28.9)

	Moderate TR
	
	13(28.9)

	Severe TR
	
	19(42.2)

	Pulmonary hypertension                                         n=45

	Primary PAH
	
	10(22.2)

	Secondary PAH
	
	35(77.8)

	PAH severity:                                                              n=45

	Mild PAH 
	
	9(20.0)

	Moderate PAH
	
	17(37.8)

	Severe PAH 
	
	19(42.2)

	Ventricular septal defects                                       n=3

	Large
	
	1(33.3)

	Moderate
	
	2(66.7)

	Small 
	
	0(00.0)

	Arrythmias                                                              n=14

	Atrial fibrillation
	
	12(85.7)

	Premature ventricle contraction
	
	1(7.1)

	Bundle branch block
	
	1(7.1)


LV: left ventricular, MS: mitral stenosis, MR: mitral regurgitation, AS: aortic stenosis, AR: aortic regurgitation, PAH: pulmonary arterial hypertension, TR: tricuspid regurgitation
Seventy-five percent 68(75.6%) of the patients had preserved left ventricular function. Of those, only 4(4.4%) had severely reduced left ventricular function, and 11(12.2%) had moderate LV dysfunction. In addition, among patients who had rheumatic heart disease, 65(81.3%) had mitral stenosis; of these, 19(29.2%) had severe mitral stenosis. Sixty-one percent 49(61.3%) had mitral regurgitation, of whom 7(14.3%) had severe mitral regurgitation. Fifteen percent 14(15.6%) and 6(7.5%) had aortic stenosis and regurgitation, respectively. Furthermore, 45(50.0%) had pulmonary hypertension, of whom 10(22.2%) had primary PAH and 35(77.8%) had secondary PAH. Fifty percent 45(50.0%) of patients had tricuspid regurgitation. Fifteen percent 14(15.6%) of patients developed arrhythmias during follow-up. Of those, 12(85.7%) had atrial fibrillation, and premature ventricle contraction and bundle branch block accounted for 7.1% each. 
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Figure 2: Maternal clinical characteristics by NYHA functional class 
The figure 3 presents the NYHA functional class of the patients. Ten percent (10%) of participants were in NYHA class I, 20% were in NYHA class II, 30% of them were in NYHA class III, and majority of them (up to 40%) were in NYHA class IV.  
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Figure 3: Maternal clinical characteristics according to modified WHO risk categories 
The study used the modified World Health Organization risk category, divided into 4 groups.  Most of the participant were extremely high-risk patients (54 %).  Eleven percent (11%) of the women were at high- risk category, 21% accounted for medium risk category, and 12% were low-risk patients. 
Table 4.1.4: Maternal index pregnancy services between 2016 to 2018 

	Variables
	Frequency (%)

	Access to ANC by care level:                         n=90

	No access
	21(23.3)

	Primary care level
	31(34.4)

	Secondary care level
	16(17.8)

	Tertiary care level
	19(21.1)

	Private hospital 
	3(3.3)

	Place of delivery                                              n=90

	Home
	5(5.6)

	Health care facility
	85(94.4)

	Mode of delivery                                              n=79

	Assisted vaginal delivery
	41(51.9)

	Spontaneous vaginal delivery
	20(25.3)

	Caesarean delivery
	18(22.8)

	Contraception use after delivery                    n=80

	Yes
	53(66.3)

	No
	27(33.8)

	Abortion                                                           n=11

	Miscarriage
	3(27.3)

	MTOP
	8(72.7)

	Surgical TOP
	0(00.0)

	Duration of labour                                          n=76

	<5 hours
	17(22.4)

	5-10 hours
	32(42.1)

	10-15 hours
	17(22.4)

	15-20 hours
	8(10.5)

	20-24 hours
	2(2.6)

	Caesarean section:                                          n=18

	Elective 
	3(16.7)

	Emergency
	15(83.3)


ANC: antenatal care clinic, MTOP: medical termination of pregnancy, TOP: termination of pregnancy
The majority of the patients 68(75.6%) did not have access to tertiary care services. Of those, 21(23.3%) did not attend antenatal care clinics during pregnancy; 34(34.4%) attended an ANC at the primary care level (health centres and dispensaries); and 3(3.3%) others attended private hospitals for follow-up. Only 19(21.1%) of women had regular follow up at tertiary health care level. Fifty-one percent 41(51.9%) had an assisted vaginal delivery, while 20 (25.3%) had a spontaneous vaginal delivery. Regarding abortion, 11(12.2%) had abortion. Of those, 8(72.7%) of the patients had a medical termination of pregnancy, whereas 3(27.3%) others had miscarriages. Fifty-eight percent (58.5%) of the cardiac events occurred during the postpartum period. Twenty-two percent [18(22.8%)] of the patients underwent C-section; of these, 3(16.7%) underwent elective C-section, and 15(83.3%) others underwent emergency C-section.  
4.2. First objective related to maternal outcomes
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Figure 4: Maternal outcomes by cardiac events
During the study period, 58(64.4%) of patients had adverse maternal cardiac events. Of those, 14(24.6%) had arrhythmias and predominantly atrial fibrillation, which accounted for 12(85.7%) of all arrhythmias. Eight percent 5(8.6%) of the patients had cardiac arrest. In addition, 21(36.8%) of the mothers with cardiac disease had heart failure and 15(26.3%) others had pulmonary oedema. Five percent (5.3%) of the patients had systemic pulmonary embolism.
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APH: antepartum hemorrhage, MTP: medical termination of pregnancy, PPH: postpartum hemorrhage, ICU: intensive care unit admission
Figure 5: Maternal outcomes by obstetric events and maternal death
Regarding obstetric events, 54(60.0%) of the mothers diagnosed with cardiac disease had obstetric events, including maternal death. Of those, postpartum haemorrhage, abortion and maternal deaths accounted for 11(20.4%) each. Twenty percent 11(20.4%) of the patients had pre-eclampsia, and 5(9.3%) others had postpartum depression. Finally, 6(11.1%) of the patients were admitted to the intensive care unit (ICU). 
Table 4.2.1: Maternal cardiac and obstetric events by gestational period
	Variables
	Gestation period (in weeks)

	Cardiac events (58)
	0-13 
	14-28
	29-40
	Intrapartum
	postpartum

	Heart failure 
	0(00.0)
	14(24.6)
	4(7.0)
	1(1.8)
	2(3.5)

	Pulmonary oedema
	0(00.0)
	4(7.0)
	0(00.0)
	1(1.8)
	10(17.5)

	Cardiac arrest
	0(00.0)
	0(00.0)
	0(00.0)
	5(8.6)
	0(00.0)

	Systemic pulmonary embolism
	0(00.0)
	2(3.5)
	0(00.0)
	0(00.0)
	1(1.8)

	Arrhythmias (AF, RBBB, PVC)
	0(00.0)
	8(14.0)
	2(3.5)
	2(3.5)
	3(3.5)

	Obstetric events (54)

	Miscarriage
	1(1.9)
	2(3.7)
	-
	-
	-

	Therapeutic MTOP
	0(00.0)
	8(14.8)
	0(00.0)
	-
	-

	Preterm delivery/SGA
	-
	1(1.9)
	17(31.5)
	-
	-

	Pre-eclampsia
	-
	4(7.4)
	7(13.0)
	0(00.0)
	0(00.0)

	Antepartum haemorrhage
	-
	0(00.0)
	2(3.7)
	0(00.0)
	-

	Stillbirths/intrauterine demise 
	-
	0(00.0)
	2(3.7)
	-
	-

	Depression
	0(00.0)
	0(00.0)
	1(1.9)
	-
	4(7.4)

	ICU admission
	0(00.0)
	1(1.9)
	0(00.0)
	0(00.0)
	5(9.3)

	Non-obstetric maternal deaths 
	0(00.0)
	6(11.1)
	0(00.0)
	1(1.9)
	4(7.4)


AF: atrial fibrillation, RBBB: right bundle branch block, PVC: premature ventricular contraction, SGA: small for gestational age, ICU: intensive care unit, MTOP: medical termination of pregnancy
Heart failure, which is the most common cardiac event 14(24.6%), predominantly occurred in the second trimester. Seventeen percent 10(17.5%) of the women developed pulmonary disease during the postpartum period. Cardiac arrest occurred in 4(7.0%) intrapartum. In addition, 2(3.5%) of the women developed pulmonary embolism in the second trimester, and 1(1.8%) developed it in the postpartum period. Arrhythmias occurred predominantly in the second trimester, accounting for 8(14.0%) of all cardiac events. Maternal death was most likely to occur in mid-pregnancy 6(11.1%) and postpartum 4(7.4%). 
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RHD: rheumatic heart disease, CHD: congenital heart disease
Figure 6:  Maternal deaths by type cardiac disease
Rheumatic heart disease was the leading cause of maternal death; it was responsible for 72.7% of all maternal deaths from cardiac disease. Cardiomyopathies accounted for 18.9% of maternal deaths, and congenital heart disease accounted for 9.1%.
Table 4.2.2. Characteristics of patients who died by severity of cardiac lesions

	Variables
	                                                            
	

	
	Mortality

	χ2
	P-value

	
	No
	Yes
	
	

	Mitral stenosis
	5.757
	0.542

	Mild mitral stenosis 
	         18(100.0)
	           0(0.0)
	
	

	Moderate MS 
	           17(94.4)
	            1(5.6)
	
	

	Severe MS 
	           13(68.4)
	          6(31.6)
	
	

	Mitral regurgitation
	8.747*
	0.018*

	Mild MR 
	          11(84.6)
	          2(15.4)
	
	

	Moderate MR 
	         29(100.0)
	           0(0.0)
	
	

	Severe MR 
	           7(100.0)
	           0(0.0)
	
	

	Aortic stenosis
	2.946
	0.240

	Mild aortic stenosis 
	          2(100.0)
	          0(0.0)
	
	

	Moderate AS 
	             3(50.0)
	          3(50.0)
	
	

	Severe AS 
	             5(83.3)
	         1(16.7)
	
	

	Aortic regurgitation
	0.391
	1.000

	Mild AR 
	               0(0.0)
	           0(0.0)
	
	

	Moderate 
	           2(100.0)
	           0(0.0)
	
	

	Severe AR 
	           4(100.0) 
	           0(0.0)
	
	

	Tricuspid regurgitation
	        6.894
	0.052

	Mild TR 
	        13(100.0)
	            0(0.0)
	
	

	Moderate TR 
	        13(100.0)
	            0(0.0)
	
	

	Severe TR 
	           11(57.9)
	          8(42.1)
	
	

	Pulmonary hypertension
	6.006
	0.091 

	Mild PAH 
	          3(100.0)
	            0(0.0)
	
	

	Moderate PAH 
	         17(100.0)
	            0(0.0)
	
	

	Severe PAH 
	           17(68.0)
	          8(32.0)
	
	

	Ventricular Septal Defect
	2.466
	0.418

	Large  
	             0(00.0)
	        1(100.0)
	
	

	Moderate  
	           2(100.0)
	            0(0.0)
	
	

	small 
	               0(0.0)
	            0(0.0)
	
	

	Arrhythmias
	9.829*
	0.007*

	Atrial fibrillation
	           4(33.3)
	          8(66.7)
	
	

	PVC
	          1(100.0)
	            0(0.0)
	
	

	RBBB
	         1(100.0)
	            0(0.0)
	
	


TR= tricuspid regurgitation, MS=mitral stenosis, MR=mitral regurgitation, AS= aortic stenosis, AR= aortic regurgitation, PAH=pulmonary arterial hypertension, PVC=premature ventricular contraction, RBBB=right bundle block branch.
Mild mitral regurgitation was found to be a protective factor (p=0.018), while atrial fibrillation was significantly associated with maternal deaths. 
4.3. Second objective related to foetal and neonatal outcomes

Table 4.3.1: Foetal and neonatal outcomes
	Variables
	
	Frequency (%)

	Foetal events                                                                     n=13

	Abortion 
	
	11(84.6)

	Stillbirths
	
	2(15.4)

	Neonatal events                                                               n=49

	Admission at NBU
	
	19(38.8)

	Low birth weight  
	
	18(36.7)

	Neonatal deaths
	
	8(16.3)

	Congenital heart defects
	
	2(4.1)

	Apgar score <7 at 5 minutes 
	
	2(4.1)

	Apgar score ≥7 at 5 minutes
	N=77
	67(87.0)

	Foetal weight (grams)                                                    n=90

	≥2500
	
	45(50.0)

	1600-2400
	
	25(27.8)

	<1000
	
	 6(6.7)

	1000-1500
	
	5(5.6)

	Unknown 
	
	9(10.0)

	Sex of new-born                                                             n=90

	Male
	
	51(55.4)

	Female 
	
	33(35.9)

	Unknown
	
	8(8.7)

	Reason for admission to the NBU                                 n=19

	Prematurity
	
	9(47.4)

	Neonatal sepsis
	
	3(15.8)

	Birth asphyxia
	
	2(10.5)

	Meconium aspiration
	
	2(10.5)

	Congenital heart defects)
	
	2(10.5)

	Hypoglycaemia  
	
	1(5.3)


NBU: newborn unit
Seventy-three percent 62(68.9%) of foetal and neonatal events were reported. Of those, 49(79.0%) were neonatal events, while foetal events accounted for 13(21.0%) of all foetal and neonatal events. The majority of the foetal events 11(84.6%) were related to abortion, either spontaneous or induced, and stillbirths accounted for 2(15.4%). Sixteen percent 8(16.3%) of neonatal events were neonatal deaths. Low birth weight, due to either preterm birth or intrauterine growth restriction, accounted for 18(36.7%), and 23(38.8%) newborns were admitted to the NBU. Prematurity was the most common reason for admission to the NBU, accounting for 9(47.4%) of all admissions, while birth asphyxia accounted for 2(10.5%). Fifty 45(50.0%) newborns had normal birth weights of ≥2500 grams.  
4.4. Third objective:  Risk factors related to adverse outcomes

Table 4.4.1: Risk factors related to maternal adverse outcomes    

	Variables
	             Cardiac events

	 P-value
	      Maternal death

	
	No
	Yes
	
	No
	Yes
	P-value

	Maternal age
	27 (23, 31)
	28 (24,34)
	0.342 
	28(23,33)
	27(19,35)
	0.506

	Education level
	
	
	
	
	
	

	None
	3 (60)
	2 (40)
	0.589
	5(100)
	0(00.0)
	0.649

	Primary
	9 (39.1)
	14 (60.9)
	
	21(91.3)
	2(8.7)
	

	Secondary
	11 (37.9)
	18 (62.1)
	
	24(82.8)
	5(17.2)
	

	Tertiary 
	17 (51.5)
	16 (48.5)
	
	29(87.9)
	4(12.1)
	

	Marital status

	Married
	27 (43.5)
	35 (56.5)
	0.673
	56(90.3)
	6(9.7)
	0.302

	Single
	14 (48.3)
	15 (51.7)
	
	24(82.8)
	5(17.2)
	

	Health insurance

	No
	24 (42.9)
	32 (57.1)
	0.935 
	46(82.1)
	10(17.9)
	0.044

	Yes
	16 (50.0)
	18 (56.3)
	
	31(96.9)
	1(3.1)
	

	Occupation

	Employed
	16 (50.0)
	18 (56.3)
	0.877 
	31(96.9)
	1(3.1)
	0.01

	Unemployed
	25 (45.5)
	30 (54.5)
	
	46(82.1)
	10(17.9)
	

	Cardiac status pre-pregnancy

	Known 
	23 (54.8)
	19 (45.2)
	0.065 
	38(90.5)
	4(9.5)
	0.465

	Unknown
	17 (35.4)
	31 (64.6)
	
	41(85.4)
	7(14.6)
	

	NYHA class:

	 I
	11 (91.7)
	1 (8.3)
	0.000
	12(100)
	0(00.0)
	0.061

	II
	22 (66.7)
	11 (33.3)
	
	31(93.9)
	2(6.1)
	

	III
	5 (15.6)
	27 (84.4)
	
	27(84.4)
	5(15.6)
	

	IV
	3 (23.1)
	10 (76.9)
	
	9(69.2)
	4(30.8)
	

	WHO risk category: 

	Extremely high-risk
	33 (66.0)
	17 (34.0)
	3.129 
	41(82.0)
	9(18.0)
	0.124

	High- risk
	7 (70.0)
	3 (30.0)
	
	10(100)
	0(00.0)
	

	Medium risk
	15(78.9)
	4(21.1)
	
	18(94.7)
	1(5.3)
	

	Low-risk
	10(90.9)
	1(9.1)
	
	9(90.0)
	1(10.0)
	

	BMI

	Normal
	24 (40)
	36 (60)
	0.070
	51(85.0)
	9(15.0)
	0.571

	Underweight
	2 (28.6)
	5 (71.4)
	
	6(85.7)
	1(14.3)
	

	Overweight
	11 (55)
	9 (45)
	
	19(95.0)
	1(5.0)
	

	Obese 
	4 (100)
	0 (0)
	
	4(100)
	0(00.0)
	

	Parity

	Primigravida 
	14 (58.3)
	10 (41.7)
	0.228
	22(91.7)
	2(8.3)
	0.693 

	Multiparous
	19 (41.3)
	27 (58.7)
	
	41(89.1)
	5(10.9)
	

	Grand multiparous
	6 (33.3)
	12 (66.7)
	
	15(83.3)
	3(16.7)
	

	Place of delivery

	Home
	1 (20)
	4 (80)
	0.258
	3(60.0)
	2(40.0)
	0.051

	Facility
	39 (45.9)
	46 (54.1)
	
	76(89.4)
	9(10.6)
	

	Any cardiac events
	40 (44.4)
	50 (55.6)
	
	39(78.0)
	11(22.0)
	0.001

	Mode of delivery

	Vaginal
	34 (55.7)
	27 (44.3)
	0.037
	67(90.4)
	7(9.6)
	0.218

	Caesarean section 
	5 (27.8)
	13 (72.2)
	
	14(77.8)
	4(22.2)
	


NYHA: New York Heart Association, WHO: World Health Organization, BMI: body mass index
Sociodemographic variables were not significantly associated with cardiac events. These include maternal age, education level, occupation, marital status and health insurance coverage. In addition, being known to be a patient with cardiac disease or newly diagnosed with cardiac disease was not associated with cardiac events [p=0.065]. In contrast, advanced NYHA class (III and IV) was significantly associated with cardiac events [p=0.000]. Furthermore, being in the WHO risk category was not significantly associated with cardiac events [p=3.129]. The mode of delivery, especially caesarean delivery was statistically associated with cardiac events [p=0.037]. In addition, maternal age, marital status, education level, and BMI were not statistically associated with maternal mortality. However, a lack of health insurance coverage and employment were significantly associated with maternal death with [p=0.044] and [p=0.01], respectively. In contrast, advanced NYHA functional class and WHO risk category were not statistically associated with maternal death. The place of delivery was not significantly associated with maternal death [p=0.051], as the mode of delivery [=0.1].  Any cardiac events were actually statistically associated with maternal deaths [p=0.001]. 
Table 4.4.2: Association between maternal cardiac lesions and adverse outcomes

	Variables
	 Cardiac events
	Maternal deaths 

	
	
	No
	Yes 
	P-value
	No 
	Yes 
	P-value

	Mitral stenosis
	0
	14(53.8)
	12(46.2)
	0.286
	22(84.6)
	4(15.4)
	0.542

	
	1
	27(41.5)
	38(58.5)
	
	58(89.2)
	7(10.8)
	

	Mitral regurgitation
	0
	16(38.1)
	26(61.9)
	0.217
 
	33(78.6)
	9(21.4)
	0.011
 

	
	1
	25(51.0)
	24(49.0)
	
	47(95.9)
	2(4.1)
	

	Aortic stenosis
	0
	36(46.8)
	41(53.2)
	0.445
	70(90.9)
	7(9.1)
	0.04

	
	1
	5(35.7)
	9(64.3)
	
	10(71.4)
	4(28.6)
	

	Aortic regurgitation
	0
	39(45.9)
	46(54.1)
	0.55
	74(87.1)
	11(8.2)
	0.347

	
	1
	2(33.3)
	4(66.7)
	
	6(100.0)
	0(0.0)
	

	TR
	0
	27(48.2)
	29(51.8)
	0.444
	48(85.7)
	8(14.3)
	0.416

	
	1
	14(40)
	21(60.0)
	
	32(91.4)
	3(8.6)
	

	Primary HP
	0
	34(42.0)
	47(58.0)
	0.093
	70(86.4)
	11(13.6)
	0.214

	
	1
	7(70.0)
	3(30.0)
	
	10(100.0)
	0(00.0)
	

	Secondary HP
	0
	34(60.7)
	22(39.3)
	0.000
	67(91.8)
	6(8.2)
	0.655

	
	1
	7(20.0)
	28(80.0)
	
	27(77.1)
	8(22.9)
	


TR: Tricuspid regurgitation, HP: Pulmonary hypertension
Regarding cardiac events and cardiac lesions, the majority of cardiac lesions were not significantly associated with cardiac events. Of those, mitral stenosis [58.5% vs 46.2%, p=0.282] and mitral regurgitation [49.0% vs 61.9%, p=0.217]; aortic stenosis [64.3% vs 53.2%, p=0.445] and aortic regurgitation [66.7% vs 54.1%, p=0.55]. However, secondary pulmonary hypertension was found to be significantly associated with maternal cardiac events [80.0% vs 39.3%, p=0.000]. 
In addition, mitral stenosis was not significantly associated with maternal deaths [10.8% vs 15.4, p=0.545]. However, mitral regurgitation was found to be associated with favourable maternal outcome [4.1% vs 95.9%, p=0.011]. Mitral regurgitation was found to be a protective factor [21.4 vs 4.1, p=0.011]. In contrast aortic stenosis was found to be significantly associated with severe maternal adverse outcome [28.9% vs 9.1%, p=0.044]. 
Table 4.4.3. Factors related to adverse neonatal outcome  

	Variables 
	Neonatal deaths 
	P-value

	
	                No
	Yes 
	

	Maternal Age
	28 (23,33)
	25.5 (23.5,32)
	0.795

	Education level
	
	
	0.71

	None
	5 (100)
	0 (0)
	

	Primary
	20 (87)
	3 (13)
	

	Secondary
	26 (89.7)
	3 (10.3)
	

	Tertiary 
	31 (93.9)
	2 (6.1)
	

	Marital status
	
	
	

	Married
	56 (90.3)
	6 (9.7)
	0.662 

	Single
	27 (93.1)
	2 (6.9)
	

	Health Insurance
	
	
	

	No
	48 (85.7)
	8 (14.3)
	0.025 

	Yes 
	32 (100)
	0(0.0)
	

	Occupation
	
	
	

	Employed
	32 (100)
	0 (0)
	0.024 

	Unemployed
	47 (85.5)
	8 (14.5)
	

	Patient cardiac status pre-pregnancy
	
	
	

	Known patient with cardiac disease
	40 (95.2)
	2 (4.8)
	0.198 

	Newly diagnosed with cardiac disease
	42 (87.5)
	6 (12.5)
	

	NYHA classification:
	
	
	

	I
	12 (100)
	0 (0)
	0.169

	II
	32 (97)
	1 (3)
	

	III
	27 (84.4)
	5 (15.6)
	

	IV
	11 (84.6)
	2 (15.4)
	

	WHO risk category
	
	
	

	Extremely high risk
	44 (88.0)
	6 (12.0)
	0.353 

	High risk
	9(90)
	1 (10)
	

	Medium risk
	18(94.7)
	1(5.3)
	

	Low risk
	11 (100.0)
	0(00.0)
	

	BMI
	
	
	

	Normal
	53 (88.3
	7 (11.7)
	0.565

	Underweight
	7 (100)
	0(0.0)
	

	Overweight
	19 (95) 
	1 (5)
	

	Obese
	4 (100)
	0 (0)
	

	Parity
	
	
	

	Primigravida 
	23 (95.8)
	1 (4.2)
	0.687

	Multiparous
	42 (91.3)
	4 (8.7)
	

	Grand multiparous
	16 (88.9)
	2 (11.1)
	

	Any maternal cardiac events
	42 (84.0)
	8 (16.0)
	0.007

	Place of delivery
	
	
	

	Home
	2 (40)
	3 (60)
	0

	Healthcare facilities
	80 (94.1)
	5 (5.9)
	

	Mode of delivery
	
	
	

	Vaginal
	57 (93.4)
	4 (6.6)
	0.522 

	Caesarean 
	16 (88.9)
	2 (11.1)
	


Sociodemographic variables were not significantly associated with foetal and neonatal deaths.  However, a lack of health insurance coverage was associated with foetal and neonatal deaths [p=0.025]. Lack of employment was also reported to be significantly associated with foetal and neonatal deaths [p=0.024] and place of delivery, especially in the case of homebirths [p=0]. In contrast, advanced NYHA classification was unlikely to be statistically associated with foetal and neonatal deaths [p=0.169], or mode of delivery [p=0.522]. In addition, any maternal cardiac events were significantly associated with neonatal deaths [p=0.007].
Table 4.4.4: Association between cardiac lesions and neonatal deaths 

	Variables
	                  Neonatal death 
	

	
	
	No
	Yes
	P-value

	Mitral stenosis 
	0
	24(92.3)
	2(7.7)
	0.815

	
	1
	59(90.8)
	6(9.2)
	

	Mitral regurgitation
	0
	38(90.5)
	4(9.5)
	0.819

	
	1
	45(91.8)
	4(8.2)
	

	Aortic stenosis
	0
	71(92.2)
	6(7.8)
	0.43

	
	1
	12(85.7)
	2(14.3)
	

	Aortic regurgitation
	0
	78(91.8)
	7(8.2)
	0.481

	
	1
	5(83.3)
	1(16.7)
	

	Tricuspid regurgitation 
	0
	53(94.6)
	3(5.4)
	0.143

	
	1
	30(85.7)
	5(14.3)
	

	Primary pulmonary hypertension
	0
	74(91.4)
	7(8.6)
	0.886

	
	1
	9(90.0)
	1(10.0)
	

	Secondary pulmonary hypertension
	0
	53(94.6)
	3(5.4)
	0.143

	
	1
	30(85.7)
	5(14.3)
	


Regarding neonatal deaths, mitral stenosis and regurgitation were not significantly associated with neonatal deaths [9.2% vs 7.7%, p=0.815] and [8.2% vs 9.5%, p=0.819], respectively. In addition, primary and secondary PH were not significantly associated with neonatal deaths [10.0% vs 8.6%, p=0.886] and [14.3% vs 5.4%, p=0.143], respectively. 
CHAPTER FIVE
DISCUSSION
5.0. Introduction

This chapter reflects on the main findings of the research in terms of its contributions to the key issues of maternal, foetal and neonatal outcomes among women with cardiac disease and questions raised about factors related to adverse outcomes in low-resource settings. This hopefully will contribute to knowledge increasing clinicians’ awareness and improving the care provided to pregnant women with cardiac disease in resource-limited settings.  
5.1. First objective related to maternal outcomes 
5.1.1. Maternal outcomes 
In this study maternal cardiac events were three times higher than the 20.6% recently reported by van Hagen et al (2016) in the Registry of Pregnancy and Cardiac disease (ROPAC) and almost 4 times higher than the 16% reported by Silversides CK et al (2018) in the CARPREG II study. This is not surprising because most of the participants were in advanced NYHA functional classes (III and IV) and WHO extremely high-risk category at the time of enrolment. This reflects the challenges of accessing preconception care and advanced treatment among patients diagnosed with cardiac disease in low- and middle-income countries (LMIC). It is important to recognize the plausible explanation of delays of referring patients to tertiary hospital and a lack of mothers’ patterns of antenatal care with high risk evaluation in peripheral facilities. The study also showed (table 4.2.1) that these cardiac events predominantly occurred during the second trimester and postpartum periods. According to Silversides, K et al, (2007), poor maternal cardiovascular adaptation to physiological changes during pregnancy, which start in the early first trimester up to 32 weeks, and the increased blood shift to systemic circulation starting immediately postpartum explain the occurrence of cardiac events in second trimester and postpartum period.      
Heart failure was found to be the leading maternal cardiac complication (figure 4). This prevalence was 6 times higher than the 6.2% reported in the CARPREG II study; however, the order of occurrence remains similar. In addition, heart failure was likely to occur in the second trimester, with reduced frequency during the intrapartum and postpartum periods. The ESC, (2011), attributes that to poor maternal cardiovascular adaption to haemodynamic changes, which reach their maximum starting at mid-pregnancy. The reduced rates of heart failure intrapartum and postpartum may be related to treatment initiated at time of diagnosis. In addition, patients newly diagnosed with cardiac lesions were likely to be referred with symptoms of heart failure, making the diagnosis easy and rapid. A lack of compliance with treatment among women with known cardiac disease may be another reason for the occurrence of heart failure. 
Pulmonary oedema was the second leading maternal cardiac complication. In line with this, few studies have shown no difference between heart failure and pulmonary oedema (Grossman 2004). The difference between the 2 was discussed in chapter 2. However, in this study, the 2 complications are considered separately because of imaging findings that can better exclude one or the other or can help to diagnose both conditions. To date, studies have found that pulmonary oedema is the common complication of mitral stenosis. In metanalysis study conducted by Elkyam and colleagues, pulmonary oedema was significantly reported in pregnant women with mild, moderate and severe MS. In their study, Elkyam and colleagues found that the high rates of the complication (up to 56%) was observed among women with severe MS. The critical gestation period for developing pulmonary oedema was found to be immediately postpartum or in the first 24 hours post-delivery (table 4.2.1). This can be attributed to aorto-caval decompression and auto-transfusion in the third stage of labour, as described by Cunningham, F et al (2018). Pulmonary oedema in women with valvular heart lesions is an acute event. In addition, there was one case of lethal acute pulmonary oedema antepartum, which occurred following the administration of corticosteroids in a pregnant woman with severe mitral stenosis. Further studies are needed to interrogate this finding with a large number of participants. The diagnosis was made with clinical symptoms and confirmed by chest X-ray and/or in post-mortem for some participants.  
Arrhythmias, especially atrial fibrillation occurred in high rates compared to previous studies across the world. Candice K. et al (2015) reported a 1.3% overall incidence of atrial fibrillation in women with mitral stenosis whereas Elkyam and colleagues reported the high rates (up to 33%) of AF among pregnant women with mild, moderate and severe MS. The plausible explanation on an increased rate of atrial fibrillation in the current study is that most patients of rheumatic heart disease had mitral stenosis, which increases the risk of atrial fibrillation. This is in agreement with previous studies which show that mitral stenosis is an important risk factor of arrhythmias, especially atrial fibrillation. In addition, 3 out of 12 patients in this study who reported having atrial fibrillation had evidence of thrombo-embolic disease. This is in agreement with the finding from the ESC (2011), which stated that women with atrial fibrillation are at risk for developing thromboembolic events. The Virchow’s triad better explains the mechanism of thrombus formation in patients with AF. According to Violi, F and colleagues (2014), thrombus formation results from blood stasis, which is evident in the left atrium of AF patients where flow velocity is markedly reduced concomitantly with impaired contractility of left atrial appendage. In this study, atrial fibrillation seemed to trigger cardiogenic pulmonary oedema. In line with this, Sovari, A.A and colleagues (2017), found that the new onset of atrial fibrillation in patients with mitral stenosis is responsible for cardiogenic pulmonary oedema. However, in contrast to Elkyam and colleagues, who found that atrial fibrillation predominantly occurred in third trimester, the current study found that atrial fibrillation predominantly occurs in mid-pregnancy and late second trimester, especially among pregnant women who had therapeutic medical termination of pregnancy, using misoprostol [a synthetic prostaglandin E1] (table 4.2.1). To date, there is limited data regarding cardiovascular effect of misoprostol; however, there is a theoretical risk of arrhythmias (ESC, 2018). Further studies are needed with a large number of participants to interrogate this finding. 
Cardiac arrest was also frequently reported in this study. Jeepbhoy, F. M, et al, (2015) found that cardiac disease is an important risk factor for cardiac arrest. Although the event is known to be rare in pregnant women, there is evidence that anaesthesia related-cardiac arrest is frequent (Ellis, S, J, et al, 2014). Moreover, in this study, women who had cardiac arrest are those who underwent caesarean delivery either with general anaesthesia or spinal anaesthesia. All had cardiac event during operation (table 4.2.1). This shows the critical nature of surgical procedures and anaesthetic drugs use in women with cardiac disease. To date, with a global increased prevalence of heart disease in pregnancy anaesthesia is becoming of special importance. This importance arises from the fact that drugs used for preventing or relieving pain during labourr and delivery exert a major influence either for better or for worse on the prognosis of the mother and newborn (Luthra, A et al, 2017).  To reduce anaesthesia related-mortality and morbidity in women with cardiac disease, based on the cardiovascular effects of each drug, expert application of reginal anaesthesia is taught to be preferred method; however, with minimal benefit (Elkyam et al, 2016; Cunningham, F et al, 2018& ESC, 2018). Certainly, not all women with cardiac disease who undergo caesarean section should receive reginal anaesthesia, and not all them should receive general anaesthesia. The choice of type of anaesthesia should depend upon the good understanding of pathophysiology of specific cardiac lesion and the mechanism of action of a specific anaesthetic drug (Elkyam et al, 2016). In their studies for example, Elkyam and colleagues found that women with pulmonary hypertension have risk of developing cardiac event with general anaesthesia, whereas the general anaesthesia appears to be the safest means of successful deliver in women with aortic stenosis (Dsouza, M et al, 2015).         
In this study the rates of obstetric events were higher than the 8.4% reported in ROPAC. Ouyang, D. W, et al (2017) reported obstetric events in one-third of their sample. Regarding postpartum haemorrhage, it was reported to be the most frequent obstetric event in this study. Similar to two previous studies conducted by Smith, J.R, et al (2018) and Cauldwell M. et al (2016), the study found that postpartum haemorrhage was likely due to trauma from instrumental delivery, the presence of cardiac disease and anaemia, the use of anticoagulation or an advanced NYHA functional class. In addition, abortion (spontaneous or induced), accounted for 20.4% of all obstetric events. Of those events, 72.7% were related to therapeutic medical termination of pregnancy (figure 6) due to specific cardiac lesions and WHO category. Similar to experts’ opinion, this study found that therapeutic MTOP, particularly in mid-pregnancy or the late second trimester (table 4.2.1), was potentially fatal in women with severe mitral stenosis. Indeed, it is reasonable to prevent pregnancy rather than terminate.  
Intensive care unit admission was the double of estimated the ESC, (2018). Unfortunately, late ICU admission was not associated with favourable outcomes, as expected. To date, labour and delivery in the ICU are acknowledged as standard care for high-risk or extremely high-risk mothers with NYHA functional classes III and IV. This management plan has been successfully adopted in the developed world for monitoring reasons and to prevent serious intrapartum cardiac complications. The organization and attention paid to those patients in the developed world is entirely lacking in most developing settings. Limited infrastructures and equipment and trained personal have made it difficult to achieve in resource-limited settings, despite a high demand (Sendagire et al, 2015).  Moreover, most of those patients admitted in critical condition from peripheral facilities, without health insurance coverage and or the ability for family members to pay the required fees, put the tertiary institution under financial pressure. Although free maternity care has improved access to health care facilities, access to acute care and intensive care may be out of reach both geographically and financially for the majority of sick pregnant women. To date, the introduction of cardiac care unit (CCU) for early detection and management of complications has contributed to reduce maternal mortality and morbidity (Kasaoka, S, 2017). At Moi Teaching and Referral hospital for example, 15 women delivered at CCU and 22 others were monitored. Of those, only 2 participants died at CCU.  This shows the positive impact of CCU, in terms of monitoring and treatment of a wide variety of critical cardiac disease in women.  
Maternal death from unrelated obstetric complications was higher than the 0.6% and 1% of maternal deaths reported in CARPREG II and ROPAC, respectively. However, this is comparable with the 10 to 15% of global maternal deaths from cardiac disease (Dali, B and Baral, J. 2014), and significantly lesser than the 34% of maternal deaths reported by Diao M. et al in 2011.  Rheumatic heart disease was the leading cause of maternal death in this study (table 4.2.2). Furthermore, the study also showed that every 10th pregnant mother admitted with rheumatic heart disease died. This is evidence that mortality due to rheumatic heart disease is still far from being controlled in most developing areas, despite being a 100% preventable cause of death. Cardiomyopathies was the second cause of maternal mortality. This is similar to a recent report from the United States (US), which stated that peripartum cardiomyopathy was found to be responsible for 23% of late postpartum deaths (Cunningham et al, 2018). 
Depression accounted for 9.3% of all obstetric events in this study (figure 6). It is rarely reported in previous studies across the world. In the CARPREG I study, Siu and colleagues reported 1 patient with severe depression who finally died by suicide. In contrast to the report of Siu and associates, none of the patients who had depression died during follow-up. The risk factors were discussed in chapter 2. According to Robert M Carney et al (2008), depression among patients with chronic medical illnesses is common; however, negative cultural perceptions of chronic disease and a lack of social support were identified as important triggers. The diagnosis of depression was made based on clinical symptoms using the patient health questionnaire (PHQ).  
5.2. Second objective related to foetal and neonatal outcomes 
5.2.1 Foetal and neonatal outcomes
In this study, foetal and neonatal events occurred in high rates compared to previous studies. This is not a surprise because foetal and neonatal outcomes likely depend on maternal cardiac condition. Moreover, van Hagen M. et al from ROPAC found that cardiac disease potentially increases the risk of foetal demise, neonatal death and preterm delivery.
The rate of foetal events in the current study was comparable to foetal events prevalence of 23.7% reported by Hagen V. and colleagues, from global registry of pregnancy and cardiac disease. However; neonatal deaths were doubly higher than the 7.6% reported by Diao M et al. in a retrospective study conducted in a resource-limited context, and four times higher than the estimation of the ESC. In this study, the plausible explanation of high neonatal is that most neonatal deaths occurred in women who delivered at home (without skilled births attendants), health centers or dispensaries where there are scarce resources of managing babies born from sick mothers. This study acknowledges evidence that maternal cardiac condition influences foetal and neonatal outcomes. However, in context of limited-resources, the impact of confounders is more significant than maternal cardiac condition, to determine foetal and neonatal outcomes.   
The current study reported 2 babies with CHD born to women with rheumatic heart valvular disease. This contrasts with previous studies across the world, which have found that the risk of congenital heart disease to offspring increases with family history or maternal congenital heart defects. According to Canobbio et al (2017), this risk varies between 3% and 50%, depending upon the type of maternal cardiac disease. However, the risk of pregnant women with rheumatic heart disease giving birth to newborns with congenital heart disease has rarely been reported. The mechanism underlying this particular finding is unclear; however, CHD is multifactorial including genetics and environmental factors, consanguineous marriage, and maternal age. One study found that derangements in the maternal one-carbon pathway increase the risk of congenital heart defects in the offspring. This may be linked, according to Obermann-Borst, S (2013), to poor diet during pregnancy. Similarly, the current study found that one participant suffered from severe malnutrition. She was with advanced maternal age, while another participant was raped by her cousin. These 2 factors, malnutrition and consanguineous marriage may explain the current findings (to Obermann-Borst, S, 2013; Alatawi, F.O, 2016). However, further studies are needed to interrogate the maternal exposure to rheumatogenic groups of haemolytic streptococcus and congenital heart defects in offspring. The reported CHDs were moderate patent ductus arteriosus (PDA) and ostium secundum atrial septal defect (ASD).   
In this study low birth wights and prematurity were a frequent neonatal event; however, in comparable rate with the 33.8% of preterm babies reported by Makino, Y et al (2012) in Japan. According to evidence currently available, this is related to poor maternal cardiovascular adaption to haemodynamic changes and placental insufficient perfusion found in pregnant women with cardiac disease. In addition, the rate of admissions to the NBU was high. However, similar to the previous studies, low birth weight and prematurity were frequently reported to the reason of admission at NBU (ESC, 2018).   
Regarding the APGAR score, the majority of newborns in this study had a score of ≥7 at 5 minutes. Only 2 of them had an APGAR score of <7 at 5 minutes and 1 succumbed at NBU. This contrast with the data from the registry of the ESC, which reported that up to 17% of newborns had an Apgar score <7 at 5 minutes. A plausible explanation is the systematic use of epidural anaesthesia during labour in developed countries, which decreases cardiac output and has possible effects on the new-born’s Apgar score. In current prospective study, most of the participants received morphine to control pain during labour, which has minimal effect on the maternal cardiovascular system and on the foetus, and therefore does not affect the new-born’s Apgar score. Recently, Dostbil, A and colleagues (2019) reported similar neonatal outcome in women who received epidural morphine to control labour pain.  
5.3. Third objective: risk factors for adverse outcomes

5.3.1 Risk factors for maternal adverse outcomes 

The current study found no association between maternal age and cardiac events or deaths. This contrast with 2 studies that showed that age older than 40 years increases the risk of heart disease-related maternal death to 30 times the risk for women younger than 20 years (Lewis G. 2007; James AH et al, 2006). This finding is widely acknowledged; however, cardiac-related complications and deaths are products of multiple interplaying factors and not maternal age alone. 
Marital status was not associated with increased risk maternal cardiac events and deaths. Maternal cardiac events were almost equally to occur in married and single; however, mortality was predominantly reported among single mothers. Based on this finding, it is evident that married men experience numerous health benefits due to their marriage. Typically, such benefits include preserving their mental and emotional health, living longer, and so on. It is also easier for married people to fight the diseases. However, being single means having to carry your own burden. Moreover, Edwards et al, (2016), found that fundamentally, unmarried women lack social proximity and are characterized by independence and isolation, which contribute to poor outcomes. In contrast, Campanharo, F et al (2015) reported a maternal morbidity and mortality rate of up to 65.1% among married women with cardiac disease. According to these researchers, this is probably because under certain circumstances, partners and family members can negatively influence women’s decision to seek care. 
Cardiac-related complications occurred at similar rates among women with secondary and primary education levels, and fewer complications were observed among illiterate and women with tertiary education levels. However, overall maternal death was reduced in the different groups. The reason is that maternal low education level is a complex issue associated with the “triad of disadvantaged women”; this triad is defined by poverty translates into socio-economic disadvantage, inadequate access to comprehensive reproductive health services, and poor understanding of health-related problems. Moreover, in a cross-sectional survey conducted by Tuncalp, O et al (2014), maternal low education level was associated with the risk of cardiac events and mortality.
In the current study, there was an association between lack of maternal healthcare insurance coverage, unemployment status, and maternal deaths. The study showed that there was an increased cardiac events rate in the 2 groups; however, mortality was higher than in women who did not have health insurance coverage, compared to patients who did have health insurance coverage. These results clearly show that a lack of health insurance may delay timely access to appropriate healthcare (such as ICU), thereby increasing the rate of maternal death.  Additionally, it creates substantial financial pressure for the patient or the family and for the health care institution. 
High rates of maternal cardiac events were observed in both women with known cardiac disease and in those who were newly diagnosed. In addition, there was no much difference for maternal death occurred in women newly diagnosed with cardiac disease and those who were known to have cardiac disease pre-pregnancy. Delays in diagnosis and treatment, poor compliance with treatment, lack of awareness and poverty may explain mortality among the 2 groups of patients with known cardiac disease. Moreover, Brown, H, L et al (2018) recently reported that lack of awareness of cardiac disease is the major cause of morbidity and mortality among women of reproductive age. 
Regarding the severity of cardiac disease, the current study found an association between NYHA functional class and maternal cardiac events. The observed maternal cardiac events were predominantly reported among patients in NYHA classes III and IV. Kanwar, R et al (2018) reported similar findings in which NYHA >II was associated with adverse maternal cardiac events. However, maternal death was high among those in functional class IV compared to other groups. A careful review of table 4.4.1 shows that maternal cardiac events rates were dramatically improved. Thus, most patients in an advanced NYHA function class (III and IV) had a good clinical response and showed improvement of heart deterioration with appropriate treatment. This is a result of joint obstetrician-cardiologist care providing integrated, safe and individualised service to those women.
Cardiac events occurred in high rates of extremely high-risk patients (modified WHO risk category IV), but lesser than what Hagen van and colleagues reported in ROPAC study. This reflects the limited access to comprehensive care for the majority of women with cardiac disease and a lack of compliance with treatment due to financial hardship. In addition, there was no significant association between risk category and maternal death, and the current findings were comparable to these from previous study, where maternal mortality among those in the extremely high-risk category was >27%; the high-risk category 11-19%; 20-27% for medium risk category; and low-risk patients (2-5% for WHO I and 6-10% for WHO II) (ACOG, 2019). This is because most of these patients responded well to treatment during follow-up, while 1 in low risk category (who had aortic stenosis) died after serious complications related to caesarean section and 1 other (who had unrepaired VSD) died from Eisenmenger’s reaction developed intrapartum (table 4.2.1). In addition, although the WHO risk category remains the most accurate predictor tool of maternal morbidity and mortality during pregnancy, the tool has shown limitation in particular context of developing countries (van Hagen. M. I, et al, 2016). The plausible explanation is that maternal morbidity and mortality from cardiac disease in context of developing countries and/or resource limited settings are multifactorial, including limited access to comprehensive specialized care, timely diagnosis and other clinical and socio-economic factors, which have not yet taken into account as risk predictors of morbidity and mortality during pregnancy. 
In this study, patients with BMI <18 kg/ m², consistent with underweight, had cardiac events, which was higher than the rate for other groups. In contrast to this finding, Cantwell R et al (2015) found that 60% of women who were overweight or obese were at risk of cardiovascular events during pregnancy, especially if they also had moderate to severe obstructive sleep apnoea. The socio-economic context and the nature of the disease in the 2 studies could explain the difference. In the first study, conducted in a middle socio-economic context (Kenya), deficient protein intake led to increased blood pressure and enhanced heart rate and sympathetic activity (Fernanda, C. S, et al, 2015). In the second study, conducted in a high socio-economic context (United States), obesity increased the risk of cardiovascular disease and mortality (Cunningham, F et al, 2018). Thus, abnormal BMI in pregnancy can predispose to cardiovascular complications. 
The current prospective study did not find an association between parity and cardiac events or maternal death. Although there was no association, the study showed that cardiac events were predominantly reported among multiparous and grand-multiparous women, whereas maternal death occurred in almost similar proportion in multiparous women and grand-multiparous women. In one study, an increased number of pregnancies was associated with a high risk of atrial fibrillation, especially in women with four or more pregnancies, of whom 30-50% were likely to develop atrial fibrillation (Wong J. A, et al, 2017). The investigators attributed that phenomenon to repeat exposure to physiological changes due to gestational hormonal factors. Despite the increased risk reported, this could not be attributed to parity alone because multiple factors, such as severity and type of cardiac disease and pulmonary hypertension predispose individuals to cardiac events and maternal death. Additionally, any cardiac events are associated with maternal deaths.  
The current study examined outcomes according to place of delivery as an essential component of care delivery. There was no association between observed cardiac events or mortality and place of delivery. However, majority of the pregnant women who had homebirths experienced cardiac events, and half died. Factors contributing to home delivery include poverty, a lack of health insurance coverage and patient awareness about cardiac-related complications during pregnancy and labour. In addition, the ESC (2011) structured three levels of care for pregnant women with cardiac disease based on the patient’s risk category and the need for a multidisciplinary management approach during pregnancy, labour and postpartum. Failure to adhere to the established system has contributed to increased cardiac complications and deaths among pregnant women with cardiac disease in most developing areas. Thus, in low-resource settings, the strategies for reducing maternal deaths in women with cardiac disease include creating a greater awareness of cardiac disease in women of reproductive age and the early referral of patients to a tertiary care facility for appropriate management.
This study found that the mode of delivery was associated with maternal cardiac events and increased maternal deaths. Cardiac arrest was the most frequently occurring fatal complication, followed by heart failure.  Ruys TPE et al. found that complications related to caesarean delivery, including anaesthesia effects, increased risk of thromboembolic events, infection and blood loss, predispose patients to fatal cardiac events.  
5.3.2 Association between maternal cardiac lesions and adverse outcomes 

This study found no significant association between mitral stenosis, cardiac events and maternal deaths. However, the occurrence of cardiac events was higher among women diagnosed with MS than those who did not have MS. The task force of the ESC attributed the events to increased cardiac output, which in turn causes an increase in the transvalvular gradient of up to 50%. In addition, the overall maternal deaths from MS was reduced in this study. Yıldırım, E et al (2018) reported a maternal death rate of 67%, six times higher than what reported in the current prospective study. This is because in this study, women with severe MS were lesser than that reported by Yıldırım, E and colleagues. Furthermore, the high rate of maternal death from MS in developing areas is related to limited access to specialized care, heart surgery included. 
Mitral regurgitation was not statistically associated with maternal cardiac events; in contrast, it was associated with favourable maternal outcomes (table 4.3.3). This is in agreement with previous studies which found MR is generally well tolerated during pregnancy (ESC, 2018& van Hagen et al, 2018). However, Elkyam and colleagues recognized that in pregnant women with severe mitral regurgitation, especially those with significant ventricular dilatation, increased plasma volume and cardiac output may lead to cardiac events, especially heart failure and arrhythmias. This could explain the occurrence of cardiac events in some patients with moderate and severe MR in this study (table 4.4.2). 
 In this study, there was an increased rate of cardiac events with aortic stenosis. Furthermore, AS was statistically associated with maternal deaths. This finding contrasts with the study done by Orwat, S et al (2016) in ROPAC, which found that cardiac complications are rare in aortic diseases, and maternal mortality is close to zero. This is because in these cases, the stroke volume is fixed and the increased cardiac output is limited, which leads to an elevation of ventricular systolic and diastolic filling pressures (ESC, 2011). In the current prospective study, maternal deaths among patients who had complex lesions including aortic stenosis and mitral stenosis. 
Tricuspid regurgitation was not statistically associated with maternal cardiac events or maternal death (table 4.4.2). The disease was commonly reported with PAH, which was statistically associated with maternal adverse cardiac events. In line with this, evidence has shown that pulmonary hypertension of any cause is known to be potentially fatal during pregnancy (Piper, P.G, 2011). In left-sided valvular disease, mitral stenosis is the leading cause of secondary pulmonary hypertension, which in turn is associated with high mortality among affected pregnant women (PG. P.G, et al, 2011). In this study, maternal death was likely to occur when it was associated with severe tricuspid regurgitation, severe MS and atrial fibrillation; comparable with Pieper PG findings, who estimated the rate of maternal death from PAH between 17% to 30%. 
5.3.3. Factors related with neonatal deaths

In this prospective study, maternal age was not statistically associated with neonatal deaths. This was in agreement with previous studies across the world. Moreover, Owens, A et al (2018) found that multiple factors, including underlying maternal cardiac disease and cardiac events, comorbidities, obstetrical complications and other sociodemographic factors are the most to affect pregnancy outcomes rather than age alone.
In addition, there was no association statistical significance between neonatal deaths and maternal education level. Although, neonatal mortality was as high in women with primary and secondary education levels, compared to those who had a tertiary education level. Thais Rocha Salim et al (2019) found that a low maternal education level increased the risk of foetal and neonatal deaths (RR=1.45) in women with cardiovascular disease. In their study, those researchers found that the association could be linked to social adversities during the prenatal period, which can predispose individuals to foetal and neonatal death. 
The neonatal death rates were almost equal in married and single mothers. In contrasts, Balayla J et al (2011) found that single mothers were at an increased risk of stillbirth (RR: 1.24) and neonatal death (RR, 1.45). In their study, foetal and neonatal deaths were observed among women who did not receive prenatal care. This study found adverse neonatal outcomes were multifactorial in origin including limited access to comprehensive antenatal care, severity of heart disease, homebirth, lack of skilled personal attendance at delivery, and limited access to cardiovascular treatment.  
The current study found a statistically significant association between neonatal deaths and lack of health insurance and maternal employment status. Musafili, A et al (2017), in Rwanda, reported similar findings of 10% rate of perinatal death due to lack of money or maternal health insurance coverage. In their study, Aimable M. and colleagues found that financial hardship was the major cause of delays in reaching a health facility, referrals and management.
In this study, most of neonatal deaths occurred among women who were diagnosed with cardiac disease during their current pregnancy. This may be related to a lack of awareness, treatment and follow up. It is possible that early diagnosis of cardiac conditions contributes to improving foetal and neonatal outcomes because it increases awareness and compliance with treatment in affected pregnant women.  However, there is limited date regarding time of diagnosis of cardiac disease and perinatal outcomes. 
In this study, neonatal death rates were similar among women in NYHA class III and IV, higher than in NYHA functional class I and II. However, neonatal deaths occurred in a similar rate among patients in the extremely high-risk and high-risk categories. This is similar to what reported Mohamed Rezk et al (2016), who found a statistically significant association between NYHA functional class and neonatal deaths. This could be related to poor maternal cardiac function, which interferes with the oxygenated blood supply to the foetus during pregnancy and labour and affects new-born extrauterine adaptation Silversides, K, et al, 2007 &ESC, 2011). In addition, there was no statistically significant association between maternal risk stratification and observed neonatal events. Most of neonatal deaths occurred in peripheral facilities and at home, where their mothers had delivered. In their study, van Hagen IM and colleagues (2016) from ROPAC noticed that the modified WHO risk stratification tool is not an appropriate tool to predict obstetric outcomes in pregnant women with cardiac disease. 
In this study, there was no significant association between neonatal death and maternal body mass index. In contrast, a systematic review and meta-analysis conducted by Aune D et al (2014) found that maternal BMI was associated with an increased risk of foetal death (up to 77.6%), stillbirths (up to 80%), and neonatal deaths (up to 78.5%). In the current study, neonatal deaths were related to multiples factors already described.  In addition, the current study did not find significant association between parity and neonatal outcomes. In contrast, Katz, J, et al (2013) found increased foetal and neonatal deaths in nulliparous women; and mortality was likely to occur in women aged <18 years and in multiparous women aged >35 years. They attributed neonatal adverse outcomes to maternal health-related problems, such as poor health-seeking behaviour, poor health literacy, age-related chromosomal abnormalities, and medical conditions.  
This study found that homebirths were statistically associated with early neonatal deaths. Similarly, Titaley, C et al (2011) found an increased risk of early neonatal death for home deliveries, even if they were assisted by trained nurses. In their study, Titaley found multiples reasons related to homebirths and most of them have been discussed previously. In addition, the current study found no statistically significant association between neonatal deaths and caesarean delivery. However, most neonatal deaths occurred among women who had delivered through caesarean section. This could be related to anaesthetic agent effects and probably poor new-born resuscitation skills among providers. In line with this, Ruys TPE et al. (2015) found that caesarean delivery confers no advantage in neonatal outcomes. 
5.3.4 Association between maternal cardiac lesions and neonatal deaths

In this study, the rate of neonatal death among mothers with MS was almost similar to those who had AS, higher compared to previous studies. The ESC in 2018 reported that stenotic level valve diseases, for example, increase the risk of foetal and neonatal complications, including deaths. The ESC task force estimated up to 1 to 5% rate of foetal and neonatal death among women with stenotic valvular heart disease. This is related to hemodynamic changes which occur during pregnancy, poorly tolerated by the pregnant women with cardiac disease as described previously. 
This study found no statistically significant association between neonatal death and maternal regurgitant cardiac lesions. However, most of those lesions (MR and AR) were found along with stenotic valve diseases and pulmonary hypertension. Thus, MR and AR may have not significantly contributed to neonatal deaths. The task force of the ESC estimated up to 5-10% rate foetal and neonatal adverse outcomes related to maternal regurgitant cardiac lesions. 
The current study found no statistically association between neonatal deaths and PAH; however, the rates of adverse neonatal outcomes were comparable with these reported in previous studies. The ESC recently estimated a 0─30% rate of foetal and neonatal death in women with PAH; and that the risk of neonatal death is particularly related to preterm delivery, reduced maternal cardiac output, and/or hypoxaemia. These findings are acknowledged; however, adequate access to quality of care could have contributed to improved perinatal care. 
CHAPTER SIX
CONCLUSIONS AND RECOMMENDATION
6.0 INTRODUCTION 
In this chapter, the conclusions derived from the findings of this study focused on maternal, foetal and neonatal outcomes in pregnant women with cardiac disease and factors related to adverse outcomes in a resource-limited context. 
6.1 CONCLUSION
Cardiac events are associated with high rate of maternal deaths in particular context of resource-limited settings, reflecting limited access to specialized care services. Cardiac events were predominantly reported from mid-pregnancy to late second trimester and during the postpartum period. This is because of delay of seeking care, which has an implication on time of diagnosis and initiation of appropriate treatment.
In addition, cardiac disease severely affects foetal and neonatal outcomes by increasing foetal demise, prematurity, and neonatal deaths. However, most foetal events were related to broad therapeutic medical termination of pregnancy. In contrast to previous studies, 2 babies born to mothers diagnosed with rheumatic heart disease were diagnosed with congenital heart defects.  Further studies are needed to interrogate maternal exposure to rheumatogenic groups of haemolytic streptococci, especially group A streptococcal-induced rheumatic fever and RHD, as potential risk factors for CHDs in offspring.   
Furthermore, adverse maternal and neonatal outcomes are multifactorial in origin including clinical and non-clinical factors. Lack of healthcare insurance coverage could be seen as big limitation for most of patients to get access to specialized care, despite the free maternity care services which are limited in public healthcare services, and only covered inpatient hospital care. The data related to the reason for transferring patients showed that diagnosis and treatment centres for cardiac disease are also out of reach for most affected patients. In addition, half of maternal deaths were related to cardiac events as result of therapeutic medical termination of pregnancy during mid-pregnancy in patients with severe mitral stenosis. Further studies with large number of participants are needed to interrogate the current finding.
6.2 LIMITATIONS AND RECOMMENDATIONS
This study was conducted at one health care facility, which has few pregnant women with cardiac disease. Thus, a multicenter prospective study in the context of resource-limited settings is need to involve a large number of pregnant women with cardiac disease. 
In addition, the study was severally interrupted with industrial actions of health providers. This had contributed to adverse outcomes. Furthermore, the current knowledge regarding incidental findings of maternal cardiac complications resulting from therapeutic medical termination of pregnancy using prostaglandin E1 at mid-pregnancy, and corticosteroid use for foetal lung maturity, especially in patients with severe mitral stenosis, is too limited. Larger studies are needed to examine these findings.
REFERENCES

Adebayo, S. O., Olunuga, T. O., Durodola, A., & Ogah, O. S. (2017). Heart failure: Definition, classification, and pathophysiology–A mini-review. Nigerian Journal of Cardiology, 14(1), 9.
Adelborg, K., Sundbøll, J., & Sørensen, H. T. (2015). Arterial cardiovascular events and mortality following venous thromboembolism. Annals of translational medicine, 3(9).  
Alatawi, F. O. (2016). Heart disease during pregnancy in the KSA: A suggested plan. Journal of Taibah.University Medical Sciences, 11(5), 405-412. 
Anand, I. S., & Gupta, P. (2018). Anemia and iron deficiency in heart failure: current concepts and emerging therapies. Circulation, 138(1), 80-98  
American Heart Association. (2015). Highlights of the 2015 American Heart Association guidelines update for CPR and ECC. Dallas, USA: American Heart Association.
American Academy of Pediatrics. (2014). Neonatal Encephalopathy and Neurologic Outcome, Second EditionReport of the American College of Obstetricians and Gynecologists’ Task Force on Neonatal Encephalopathy. Pediatrics,133(5), e1482-e1488. 
Anthony, J., & Sliwa, K. (2016). Decompensated heart failure in pregnancy. Cardiac failure review, 2(1), 20
Aune, D., Saugstad, O. D., Henriksen, T., & Tonstad, S. (2014). Maternal body mass index and the risk of fetal death, stillbirth, and infant death: a systematic review and meta-analysis. Jama, 311(15), 1536-1546. 
Australia, R. H. D. (2012). Australian guideline for prevention, diagnosis and management of acute rheumatic fever and rheumatic heart disease. National Heart Foundation of Australia and Cardiac Society of Australia and New Zealand.
Authors/Task Force Members, McMurray, J. J., Adamopoulos, S., Anker, S. D., Auricchio, A., Böhm, M., ... & Gomez‐Sanchez, M. A. (2012). ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in collaboration with the Heart Failure Association (HFA) of the ESC. European journal of heart failure, 14(8), 803-869.
Bagga, R., Choudhary, N., Suri, V., Mahajan, U., Rani Gupta, K., Arya, V. K., ... & Kaur Dhaliwal, L. (2008). First and second trimester induced abortions in women with cardiac disorders: a 12-year analysis from a developing country. Journal of Obstetrics and Gynaecology, 28(7), 732-737.
Balayla, J., Azoulay, L., & Abenhaim, H. A. (2011). Maternal marital status and the risk of stillbirth and infant death: a population-based cohort study on 40 million births in the United States. Women's Health Issues, 21(5), 361-365.
Balci, A. (2012). Pregnancy and outcome in women with congenital heart disease. University Library Groningen][Host].
Block, J.(2011,July 13) Heart Disease poses suprising threat to new Moms. Retrieved from https://emedicine.medscape.com/article/275038-overview
Brown, H. L., Warner, J. J., Gianos, E., Gulati, M., Hill, A. J., Hollier, L. M., ... & Wenger, N. K. (2018). Promoting risk identification and reduction of cardiovascular disease in women through collaboration with obstetricians and gynecologists: a presidential advisory from the American Heart Association and the American College of Obstetricians and Gynecologists. Circulation, 137(24), e843-e852. 
Cantwell, R., Clutton-Brock, T., Cooper, G., Dawson, A., Drife, J., Garrod, D., ... & Millward-Sadler, H. (2011). Saving Mothers' Lives: Reviewing maternal deaths to make motherhood safer: 2006-2008. The Eighth Report of the Confidential Enquiries into Maternal Deaths in the United Kingdom. BJOG: an international journal of obstetrics and gynaecology, 118, 1-203.
Campanharo, F. F., Cecatti, J. G., Haddad, S. M., Parpinelli, M. A., Born, D., Costa, M. L., & Mattar, R. (2015). The impact of cardiac diseases during pregnancy on severe maternal morbidity and mortality in Brazil. PloS one, 10(12), e0144385
Canobbio, M. M., Warnes, C. A., Aboulhosn, J., Connolly, H. M., Khanna, A., Koos, B. J., ... & Stout, K. (2017). Management of pregnancy in patients with complex congenital heart disease: a scientific statement for healthcare professionals from the American Heart Association. Circulation, 135(8), e50-e87.
Carney, R. M., Freedland, K. E., Steinmeyer, B., Blumenthal, J. A., Berkman, L. F., Watkins, L. L., ... & Jaffe, A. S. (2008). Depression and five year survival following acute myocardial infarction: a prospective study. Journal of affective disorders, 109(1-2), 133-138
Cauldwell, M., Von Klemperer, K., Uebing, A., Swan, L., Steer, P. J., Gatzoulis, M., & Johnson, M. R. (2016). Why is post-partum haemorrhage more common in women with congenital heart disease?. International journal of cardiology, 218, 285-290.
Clark, A. L., & Cleland, J. G. (2013). Causes and treatment of oedema in patients with heart failure. Nature Reviews Cardiology, 10(3), 156. 
Committee on Obstetric Practice. (2015). ACOGAmerican Academy of PediatricsCommittee on Fetus and Newborn, ACOG. ACOG Committee Opinion. Number 644, Oct 2015 (replaces No. 333, May 2006): The Apgar score. Obstetric Gynecology, 126(4), E52-E55
Cunningham, F., Leveno, K., Bloom, S., Spong, C. Y., & Dashe, J. (2018). Williams obstetrics, 24e. Mcgraw-hill. 
Cunningham, F., Leveno, K., Bloom, S., Spong, C. Y., & Dashe, J. (2014). Williams obstetrics, 24e. Mcgraw-hill. 
D'Alto, M., & Mahadevan, V. S. (2012). Pulmonary arterial hypertension associated with congenital heart disease. European Respiratory Review, 21(126), 328-337.
Dali, B., & Baral, J. (2014). Maternal Mortality in Pregnancy with Heart Disease. Journal of Institute of Medicine, 36(1).
Daniel, W. W., & Cross, C. L. (2013). Biostatistics: a foundation for analysis in the health sciences. Wiley.
Davies, G. A., & Herbert, W. N. (2007). Prosthetic heart valves and arrhythmias in pregnancy. Journal of Obstetrics and Gynaecology Canada, 29(8), 635-639.
Dean, S. M., & Abraham, W. (2010). Venous thromboembolic disease in congestive heart failure. Congestive heart failure, 16(4), 164-169. 
Demisse, A. G., Alemu, F., Gizaw, M. A., & Tigabu, Z. (2017). Patterns of admission and factors associated with neonatal mortality among neonates admitted to the neonatal intensive care unit of University of Gondar Hospital, Northwest Ethiopia. Pediatric health, medicine and therapeutics, 8, 57. 
Diao, M., Kane, A., Ndiaye, M. B., Mbaye, A., Bodian, M., Dia, M. M., ... & Ba, S. A. (2011). Pregnancy in women with heart disease in sub-Saharan Africa. Archives of cardiovascular diseases, 104(6-7), 370-374.
Dostbil, A., Celik, M., Alici, H. A., Erdem, A. F., Aksoy, M., & Ahiskalioglu, A. (2014). Maternal and neonatal effects of adding morphine to low‑dose bupivacaine for epidural labor analgesia. Nigerian journal of clinical practice, 17(2), 205-211.
Driessen, M. M., Schings, M. A., Sieswerda, G. T., Doevendans, P. A., Hulzebos, E. H., Post, M. C., ... & Leiner, T. (2018). Tricuspid flow and regurgitation in congenital heart disease and pulmonary hypertension: comparison of 4D flow cardiovascular magnetic resonance and echocardiography. Journal of Cardiovascular Magnetic Resonance, 20(1), 5. 
Dsouza, M. C., Shivappagoudar, V. M., Kedlaya, A., & Gonsalvez, G. J. (2015). Anaesthetic management of a patient with severe aortic stenosis for caesarean section: a case report. International Journal of Research in Medical Sciences, 3(10), 2854.
Duke, J. (2011). Anesthesia secrets. Elsevier Health Sciences.
Dutta, D. C. (2013). Textbook of obstetrics, including perinatology and contraceptives. Calcutta: New Central Book Agency, 179, 93. 
Edwards, T. (2016). Socio-demographic determinants of health-seeking behaviour among the South African population: an analysis of NIDS (Doctoral dissertation).
Elkayam, U., Goland, S., Pieper, P. G., & Silversides, C. K. (2016). High-risk cardiac disease in pregnancy: part I. Journal of the American College of Cardiology, 68(4), 396-410.  
Ellis, S. J., Newland, M. C., Simonson, J. A., Peters, K. R., Romberger, D. J., Mercer, D. W., ... & Lisco, S. J. (2014). Anesthesia-related cardiac arrest. Anesthesiology: The Journal of the American Society of Anesthesiologists, 120(4), 829-838.
Ertekin, E., Van Hagen, I. M., Salam, A. M., Ruys, T. P., Johnson, M. R., Popelova, J., ... & Veldtman, G. R. (2016). Ventricular tachyarrhythmia during pregnancy in women with heart disease: data from the ROPAC, a registry from the European Society of Cardiology. International journal of cardiology, 220, 131-136.
Field, J. M., Kudenchuk, P. J., O'Connor, R., & VandenHoek, T. (2012). The textbook of emergency cardiovascular care and CPR. Lippincott Williams & Wilkins.
Galie, N., Hoeper, M. M., Humbert, M., Torbicki, A., Vachiery, J. L., Barbera, J. A., ... & Gomez-Sanchez, M. A. (2009). Guidelines for the diagnosis and treatment of pulmonary hypertension: the Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society of Cardiology (ESC) and the European Respiratory Society (ERS), endorsed by the International Society of Heart and Lung Transplantation (ISHLT). European heart journal, 30(20), 2493-2537.
Greutmann, M., & Pieper, P. G. (2015). Pregnancy in women with congenital heart disease. European heart journal, 36(37), 2491-2499.
Grossman, S. A. (2004). Current Thinking in Acute Congestive Heart Failure and Pulmonary Edema. US Cardiology.
Guiahi, M., & Davis, A. (2012). First-trimester abortion in women with medical conditions. Contraception, 86(6), 622-630.
Hall, J. E. (2015). Guyton and Hall textbook of medical physiology e-Book. Elsevier Health Sciences
Huffman, J. C., & Celano, C. M. (2015). Depression in cardiovascular disease: From awareness to action. Trends in cardiovascular medicine, 25(7), 623.
James, A. H., Jamison, M. G., Biswas, M. S., Brancazio, L. R., Swamy, G. K., & Myers, E. R. (2006). Acute myocardial infarction in pregnancy. Circulation, 113(12), 1564-1571. 
Jeejeebhoy, F. M., Zelop, C. M., Lipman, S., Carvalho, B., Joglar, J., Mhyre, J. M., ... & Page, R. L. (2015). Cardiac arrest in pregnancy: a scientific statement from the American Heart Association. Circulation, 132(18), 1747-1773
Kasaoka, S. (2017). Evolved role of the cardiovascular intensive care unit (CICU). Journal of intensive care, 5(1), 72.
Kaddoura, S. (2016). Echo Made Easy E-Book. Elsevier Health Sciences.
Kanwar, R., Sharma, M., Marwah, S., Mittal, P., & Kumari, N. (2018). Heart Disease in Pregnancy-Evaluation of Spectrum, Association of Predictors with Obstetric Outcome and Need for Comprehensive Medical Care. Journal of Clinical & Diagnostic Research, 12(1).
Kardon,E.M.,& Lange,R.A.(2015,February 18)Prosthetic Heart Valves Treatment & management. Retrieved from https:// https://emedicine.medscape.com/article/275038-overview
Karlsen, S., Say, L., Souza, J. P., Hogue, C. J., Calles, D. L., Gülmezoglu, A. M., & Raine, R. (2011). The relationship between maternal education and mortality among women giving birth in health care institutions: analysis of the cross sectional WHO Global Survey on Maternal and Perinatal Health. BMC public health, 11(1), 606.
Kenya National Bureau of Statistics (KNBS) and ICF Macro. (2014). Kenya demographic and health survey 2008–09. Calverton. 
Kernan, W. N., Ovbiagele, B., Black, H. R., Bravata, D. M., Chimowitz, M. I., Ezekowitz, M. D., ... & Johnston, S. C. (2014). Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: a guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke, 45(7), 2160-2236.
Khairy, P., Ouyang, D. W., Fernandes, S. M., Lee-Parritz, A., Economy, K. E., & Landzberg, M. J. (2006). Pregnancy outcomes in women with congenital heart disease. Circulation, 113(4), 517-524.
Klein, W., Blomstrom-Lundqvist, C., de Backer, G., Dargie, H., Deckers, J., Flather, M., ... & Silber, S. (2003). Expert consensus document on management of cardiovascular diseases during pregnancy. European Heart Journal, 24, 761-781.
Kozuki, N., Lee, A. C., Silveira, M. F., Sania, A., Vogel, J. P., Adair, L., ... & Humphrey, J. (2013). The associations of parity and maternal age with small-for-gestational-age, preterm, and neonatal and infant mortality: a meta-analysis. BioMed Central  public health, 13(S3), S2.  
Luthra, A., Bajaj, R., Jafra, A., Jangra, K., & Arya, V. K. (2017). Anesthesia in pregnancy with heart disease. Saudi journal of anaesthesia, 11(4), 454.
Makino, Y., Matsuda, Y., Mitani, M., Shinohara, T., & Matsui, H. (2012). Risk factors associated with preterm delivery in women with cardiac disease. Journal of cardiology, 59(3), 291-298
Mangieri, A., Montalto, C., Pagnesi, M., Jabbour, R. J., Rodés-Cabau, J., Moat, N., ... & Latib, A. (2017). Mechanism and implications of the tricuspid regurgitation: from the pathophysiology to the current and future therapeutic options. Circulation: Cardiovascular Interventions, 10(7), e005043.
Mendis, S., Puska, P., Norrving, B., & World Health Organization. (2011). Global atlas on cardiovascular disease prevention and control. Geneva: World Health Organization. 
Mirumarovich, Z. M., & Abdullaevna, A. M (2013) Transluminal balloon valvotomy in the surgical treatment of mitral stenosis in pregnant women: a review.
Moussa, H. N., & Rajapreyar, I. (2019). ACOG Practice Bulletin No. 212: Pregnancy and Heart Disease. Obstetrics & Gynecology, 134(4), 881-882.
Musafili, A., Persson, L. Å., Baribwira, C., Påfs, J., Mulindwa, P. A., & Essén, B. (2017). Case review of perinatal deaths at hospitals in Kigali, Rwanda: perinatal audit with application of a three-delays analysis. BioMed Central  pregnancy and childbirth, 17(1), 85
Musoke, D., Boynton, P., Butler, C., & Musoke, M. B. (2014). Health seeking behaviour and challenges in utilising health facilities in Wakiso district, Uganda. African health sciences, 14(4), 1046-1055
Ng, T. M., Tsai, F., Khatri, N., Barakat, M. N., & Elkayam, U. (2010). Venous thromboembolism in hospitalized patients with heart failure: incidence, prognosis, and prevention. Circulation: Heart Failure, 3(1), 165-173.
Obermann-Borst, S. S. (2013). The origin of congenital heart defects and the epigenetic programming of the healthy child. (Doctoral dissertation)
Owens, A., Yang, J., Nie, L., Lima, F., Avila, C., & Stergiopoulos, K. (2018). Neonatal and maternal outcomes in pregnant women with cardiac disease. Journal of the American Heart Association, 7(21), e009395.
Orwat, S., Diller, G. P., van Hagen, I. M., Schmidt, R., Tobler, D., Greutmann, M., ... & Roos-Hesselink, J. W. (2016). Risk of pregnancy in moderate and severe aortic stenosis: from the multinational ROPAC Registry. Journal of the American College of Cardiology, 68(16), 1727-1737
Ovbiagele, B., & MI, C. (2014). Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack. Stroke, 45, 2160-2236.
Pieper, P. G., & Hoendermis, E. S. (2011). Pregnancy in women with pulmonary hypertension. Netherlands heart journal, 19(12), 504-508.
Ponikowski, P., Voors, A. A., Anker, S. D., Bueno, H., Cleland, J. G., Coats, A. J., ... & Jessup, M. (2016). 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC. European journal of heart failure, 18(8), 891-975.
Priori, S. G., Blomström-Lundqvist, C., Mazzanti, A., Blom, N., Borggrefe, M., Camm, J., ... & Kirchhof, P. (2015).The Task Force for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC) Endorsed by: Association for European Paediatric and Congenital .... European Heart Journal 17(11), 1601-87.
Regitz-Zagrosek, V., Gohlke-Ba, C., Iung, B., & Pieper, P. G. (2014). Management of cardiovascular diseases during pregnancy. Current problems in cardiology, 39(4-5), 85-151. -151.
Rezk, M., & Gamal, A. (2016). Maternal and fetal outcome in women with rheumatic heart disease: a 3-year observational study. Archives of gynecology and obstetrics, 294(2), 273-278. Ruys, T. P., Roos-Hesselink, J. W., Pijuan-Domènech, A., Vasario, E., Gaisin, I. R., Iung, B., ... & Boersma, E. (2015). Is a planned caesarean section in women with cardiac disease beneficial?. Heart, 101(7), 530-536.
Roos-Hesselink, J. W., Ruys, T. P., Stein, J. I., Thilen, U., Webb, G. D., Niwa, K., ... & Tavazzi, L. (2012). Outcome of pregnancy in patients with structural or ischaemic heart disease: results of a registry of the European Society of Cardiology. European heart journal, 34(9), 657-665.
Salim, T. R., Soares, G. P., Klein, C. H., & Oliveira, G. M. M. (2019). Fetal and maternal factors are associated with mortality due to circulatory system disorders in children. Revista de saude publica, 53, 31.
Sendagire, C., Lipnick, M., Obua, D., Nakibuuka, J., & Ejoku, J. (2015). Intensive care unit mortality in sub-Saharan Africa: The modified sequential organ function assessment score. Journal of Critical Care, 30(4), 835.
Silva, F. C., & de Menezes, R. C. (2015). The implication of protein malnutrition on cardiovascular control systems in rats. Frontiers in physiology, 6, 246.
Silversides, C. K., & Colman, J. M. (2007). Physiological changes in pregnancy. Heart disease in pregnancy, 2, 6-17. 
Silversides, C. K., Grewal, J., Mason, J., Sermer, M., Kiess, M., Rychel, V., ... & Siu, S. C. (2018). Pregnancy outcomes in women with heart disease: the CARPREG II study. Journal of the American College of Cardiology, 71(21), 2419-2430.
Silversides, C. K., & Spears, D. A. (2015). Atrial fibrillation and atrial flutter in pregnant women with heart disease: contributions from the ROPAC Investigators.
Siu, S. C., Sermer, M., Colman, J. M., Alvarez, A. N., Mercier, L. A., Morton, B. C., ... & Taylor, D. A. (2001). Prospective multicenter study of pregnancy outcomes in women with heart disease. Circulation, 104(5), 515-521.
Smith, J.R., & Ramus, R.M.(2018,June 27).Postpartum Haemorrhage.Retrieved fro http:// https://emedicine.medscape.com/article/275038-overview
Spaan, E., Mathijssen, J., Tromp, N., McBain, F., Have, A. T., & Baltussen, R. (2012). The impact of health insurance in Africa and Asia: a systematic review. Bulletin of the World Health Organization, 90, 685-692. 
Spleen, A. M., Lengerich, E. J., Camacho, F. T., & Vanderpool, R. C. (2014). Health care avoidance among rural populations: Results from a nationally representative survey. The journal of rural health, 30(1), 79-88.
Sovari, A. A., Kocheril, A. G., Baas, A. S., & Ooi, H. H. (2014). Cardiogenic Pulmonary Edema. http://emedicine. medscape. com/article/157452-overview, 21, 6-9. 
Titaley, C. R., Dibley, M. J., & Roberts, C. L. (2011). Type of delivery attendant, place of delivery and risk of early neonatal mortality: analyses of the 1994–2007 Indonesia Demographic and Health Surveys. Health Policy and Planning, 27(5), 405-416.  
Toliver-Sokol, M., Murray, C. B., Wilson, A. C., Lewandowski, A., & Palermo, T. M. (2011). Patterns and predictors of health service utilization in adolescents with pain: comparison between a community and a clinical pain sample. The Journal of Pain, 12(7), 747-755.
Topilsky, Y., Inojosa, J. M., Benfari, G., Vaturi, O., Maltais, S., Michelena, H., ... & Enriquez-Sarano, M. (2018). Clinical presentation and outcome of tricuspid regurgitation in patients with systolic dysfunction. European heart journal, 39(39), 3584-3592.
Tunçalp, Ö., Souza, J. P., Hindin, M. J., Santos, C. A., Oliveira, T. H., Vogel, J. P., ... & WHO Multicountry Survey on Maternal and Newborn Health Research Network. (2014). Education and severe maternal outcomes in developing countries: a multicountry cross‐sectional survey. BJOG: An International Journal of Obstetrics & Gynaecology, 121, 57-65.
Violi, F., Pastori, D., & Pignatelli, P. (2014). Mechanisms and management of thrombo-embolism in atrial fibrillation. Journal of atrial fibrillation, 7(3). 
van Hagen, I. M., Thorne, S. A., Taha, N., Youssef, G., Elnagar, A., Gabriel, H., ... & Roos-Hesselink, J. W. (2018). Pregnancy outcomes in women with rheumatic mitral valve disease: results from the registry of pregnancy and cardiac disease. Circulation, 137(8), 806-816. 
Van Hagen, I. M., Boersma, E., Johnson, M. R., Thorne, S. A., Parsonage, W. A., Escribano Subias, P., ... & Maggioni, A. P. (2016). Global cardiac risk assessment in the registry of pregnancy and cardiac disease: Results of a registry from the European Society of Cardiology. European journal of heart failure, 18(5), 523-533
WHO Expert Consultation on Rheumatic Fever and Rheumatic Heart Disease. (2004). Rheumatic Fever and Rheumatic Heart Disease: Report of a WHO Expert Consultation, Geneva, 29 October-1 November, 2001. World Health Organization.
World Heart Federation (2010). Rheumatic heart disease in Kenya. Retrieved form URL World-heart-federation.org/publications/heart-e-newsletter/heart-beat-August September-2007 in this-issue/rheumatic-heart-disease in Kenya  
World Health Organization. (2010). Trends in maternal mortality: 1990 to 2008. 13: Available: http://whqlibdoc. who. int/publications/2010/9789241500265_eng. pdf. Accessed 2012 Apr. View Article.
Wong, J. A., Rexrode, K. M., Sandhu, R. K., Conen, D., & Albert, C. M. (2017). Number of pregnancies and atrial fibrillation risk: the Women’s Health Study. Circulation, 135(6), 622-624. 
Yıldırım, E., Çelik, M., & Akpak, Y. K. (2015). Mitral Stenosis and Pregnancy. Open Science. Journal of Clinical Medicine, 3(6), 220-223.


APPENDICES

APPENDIX A: INFORMED CONSENT

You are invited to participate in this prospective study of cardiac disease in pregnancy because you have a cardiac-related problem in your current pregnancy. You will be followed up and receive medical care at Moi Teaching and Referral Hospital during your pregnancy and up to six weeks postpartum. This form explains the purpose, benefits, and risks associated with this study. Please read this form and ask any questions you may have before agreeing to be in this study. You will be given a copy of this document to keep with you. There will be no harm if you decline to consent to participate in this study.
This study is being conducted by doctors from Moi Teaching and Referral Hospital (MTRH).
Purpose: The purpose of this research is the partial fulfilment of the requirements for the Master of Medicine Degree in Reproductive Health.
Participants: If you agree to participate, you will be one of ninety-one Kenyan pregnant women with cardiac disease who will be interviewed. Your interviews will be conducted individually to maintain your privacy.  
Procedures: If you agree to participate, you will be privately asked questions about your medical condition and your medical care during your pregnancy and will be followed up by our research team until delivery and up to six weeks postpartum. Our research team members will write down your responses during the interview, and all of your answers will be kept private. The interview will take between 20 and 30 minutes in each phase.
Benefits & risks: There is no direct benefit to you for participating in the study. Your choice to not participate will not affect your medical care and your pregnancy. However, your participation, along with that of other pregnant women with cardiac disease, will be used to improve future medical services for pregnant women with cardiac disease at MTRH. Furthermore, close follow up of your conditions during pregnancy will provide useful information for medical care for the outcomes that we will be paying attention to during the study period. There will be very few risks involved in this study, especially if your identity and/or answers do not stay private. However, the researcher and trained research assistant will conduct the interview and will be the only people who will know your name. Your answers will be anonymous.
Confidentiality: All of your information will be kept secret, and all discussions with you will be in private. Only the study team will know that you are in the study, and your name will not be shared with anyone. All of your information will be collected under a number assigned to you so that no one other than the study team will know your personal information.  
Cost& payments: There will be no costs to you for any parts of the study, and you will not receive payment for taking part in this study.  
Contact: For questions about this study feel free to contact Moi University Institutional Research and Ethics Committee to the following address: Moi Teaching and Referral Hospital Building, 2nd floor, Door no 219, P.O Box 3-30100 Eldoret, Kenya. Office line: 0787723677, Email: irec@mtrh.or.ke, Website: irec.or.ke or investigator: Dr. Philippe, 0706224646/ 0741186739. Email: philippe_poli@yahoo.fr; Dr. Felix Barasa 0723174268 (supervisor) and Dr. Elkanah Omenge 0722609132 (supervisor)
By signing this form, you indicate that you have agreed to participate in this research.
Names and signature of participant: __________________ 
Date signed: ___________________________
Signature of witness_____________________
APPENDIX B: WORK PLAN

	      Month& year
Activities
	January to May
2016
	June to July
2016
	July 2016
	Aug2016 to Aug 2018
	Sept to Dec 2018 
	January
to  March 2019
	April to
June 2019
	Aug to Sep 2019

	Proposal development and approval
	
	
	
	
	
	
	
	

	IREC submission and IREC approval
	
	
	
	
	
	
	
	

	Training of research assistants

	
	
	
	
	
	
	
	

	Data collection and 
follow up

	
	
	
	
	
	
	
	

	Data analysis and thesis writing
	
	
	
	
	
	
	
	

	External review

	
	
	
	
	
	
	
	

	Dissemination and feedback

	
	
	
	
	
	
	
	


APPENDIX C: STUDY ESTIMATED BUDGET

	ITEMS
	QUANTITY
	UNIT PRIZE
	TOTAL COST {KSHS}

	STATIONARY

	Biro pens
	3 boxes of 25 pens each 
	200
	600

	Printing paper 
	8 rims of 500 sheets each 
	500
	4000

	Box files 
	3 box Files 
	250 
	750

	Staple pins 
	1 box of 1000 staple pins 
	205
	205

	Stick notes pad 
	1 pad 
	300
	300

	LIBRARY AND COMPUTER SERVICES

	Internet charges
	24 months at 2000 per month 
	2000
	48000

	Typing proposal
	50 Kshs per page for 132 pages 
	50
	6600

	Printing proposal 
	4kshs per page for 132 pages 
	4
	528

	Photocopying data collection forms 
	2 Kshs per page for 75 patients with a questionnaire of 25 pages
	2
	3,750

	Wages/salaries

	Research assistant
	24 months 
	6000

	144,000

	Data analyst
	3 months 
	60000
	60,000

	Database
	-
	60,000
	60,000

	Radiological investigations 
	30 patients
	700
	21,000

	Obstetrical ultrasound 
	30 patients 
	2000
	60,000

	Echoardiogram and ECG 
	30 Patients 
	2000
	60,000

	Grand total 
	
	
	469,733


APPENDIX D: QUESTIONNAIRE AND DATA COLLECTION TOOLCARDIAC DISEASE IN PREGNANCY: A PROSPECTIVE STUDY OF MATERNAL AND FOETAL OUTCOMES AT MOI TEACHING AND REFERRAL HOSPITAL, ELDORET, KENYA

	DEMOGRAPHICS 

	Patient study ID number:[      ] [     ] [     ] [    ] [   ] [    ]  [   ] [   ] [   ](NN/MM/YY)Date…./…/…

	Date of birth:[     ] [     ] [     ] [     ] [     ] [    ] [      ] [      ] (dd/mm/yy)
Maternal age at time of enrollment  [            ]  years old
Maternal weight :  [         ] kg,    Height:[          ] cm,   BMI:  [           ]
 IP/OP number: [   ] [   ] [   ] [   ] [   ] [   ] [   ] [    ] 

	Level of education (completed): Please tick ONE 
[  ] Primary school; [   ] Secondary school; [   ] Tertiary (college/university); [   ] none; [   ]other

	Marital status: Please tick ONE
[    ] Married; [   ] Single; [   ]Divorced; [    ] Widowed   Health insurance: [   ] Yes  [   ] No

	Residence: Please, tick ONE/ complete
[   ] County:.………………………Estate:………………..; Location: [   ] Rural; [   ] Urban 

	Contacts:
Mobile number:………….; Partner’s mobile number:…………………………..
Other contact (specify the user’s name/relationship):….…………………………
Occupation (please specify):.…………………………………………..,…………


	GENERAL INFORMATION ABOUT THE PATIENT AT TIME OF ENROLLMENT

	Site of enrolment: Please tick ONE
[    ] Casualty; [   ] Anticoagulant clinic; [   ] Cardiac clinic; [   ] Cardiac care unit (CCU); [  ] High risk ANC[   ] Obstetric division ANW; [  ] Obstetric division labour Ward; [  ] Obstetric division PNW; [  ] Gynaecologic ward; [   ] ICU; [   ] HDU; [   ]Memorial

	Mode of admission: Please tick ONE
[   ] Transfer (if referred, please tick the reason); [   ] from home
 Complaints (only those related to heart disease):[  ] Dyspnoea; [  ] Cough; [  ] Chest-pain; [  ] Fatigue ;[  ] Oedema ;[  ] Other symptoms……………………………………………………………………….

	Reason for transfer (if the patient was not referred, go to the following question): 
[   ] Pregnancy complications; [   ] Known cardiac disease in pregnancy; [   ] Suspicion of cardiac disease in pregnancy or postpartum; [   ] Cardiac complications during puerperium; [   ] Cardiac arrest; [   ] Heart attack; [   ] Other reasons:…………………………………………………………………………

	Patient is: Tick ONE box or TWO if necessary. If the patient is known cardiac patients and is lost to follow up, go to the following question:
[   ] A known cardiac patient before pregnancy…….(year); [   ] A cardiac patient newly diagnosed during the current pregnancy; [   ] A known cardiac patient lost to follow up since………. (year or month). If lost to follow up please specify the reason of lost follow up below.

	Reason the patient was lost to follow up (if applicable): Please tick ONE or more (if needed)
[   ] Distance from home to hospital; [   ] Financial issues and  cost of care; [   ] Lack of support from my family; [   ] Lack of awareness about my condition; [   ] I was treated with herbal medicine; [   ] I was not allowed to get pregnant; [  ] Other reason:…………………………………………………………….

	Time of enrollment: Please tick ONE
[   ] Antepartum; [   ] During labour; [   ]Postpartum/Post-abortion 


	BASELINE OF CLINICAL EVALUATION (tick all)

	Concurrent medical conditions[ ] Yes[ ] No
[   ] Diabetes

[   ] Anaemia
[   ] Hypertension
[   ] Thyroid diseases (please specify)……
[   ] HIV/AIDS
[   ] Cancer (please specify)………………
[   ] Other (please specify)…………………
Medications during pregnancy:[ ] Yes [ ] No
[    ] ACE inhibitors (please specify)………
[    ]Antiarrhythmics (please specify)……
[    ] Betablockers (please specify)…………
[    ] Anticoagulants (lease specify)………
[    ] Diuretics (please specify)……………
[    ] Digoxin
[    ] Monthly penicillin injection   
[    ] Other (please specify)…………………
	Daily cigarette smoking during pregnancy: [ ]Yes[ ]No
If yes, please specify the number of cigarette per day
Daily alcohol consumption during pregnancy: [   ]Yes [   ]No
If yes, please specify the number of bottles per day
[       ]NYHA class (please specify).
Physical examination (tick or fill the box):
[      ] Heart rate (bpm)   [      ]BPs (mmHg)
[      ] SPO2 (%)
[    ] Cyanosis
[     ] Clubbing
[     ] Crackles in 1/3 of the lungs
[     ] LV apex sustained (at least ½ of a cycle)
[     ] RV enlargement or  hypertrophy



	OBSTETRIC ASSESSMENT AND TESTING AT TIME OF ENROLLMENT 

	Tick ONE:[   ] 1st trimester (0-13 weeks); [    ]  2nd trimester (14-28 weeks);  [   ] 3rd trimester (29-40 weeks or more);[   ] Postpartum (up to six weeks); [  ] Post-abortion 

	MATERNAL 
[      ] Maternal age in years
[      ] Parity  + [    ] Gravida [    ]
[……/…../……..] LMP (dd/mm/yy)
[…../…../……..] EDD (dd/mm/yy)
[        ] Gestational age by LMP (in weeks)
[        ] Gestational age by ultrasound (in weeks)
[        ] NYHA class
ANC profile
[       ] Number of visit attended 
[       ] Rhesus blood group (e.g A+)
[       ] Haemoglobin level (Hb)
[       ]  VDRL (please put ‘N’ if negative and ‘P’ if positive)
[       ] HIV (please put ‘N’ if negative and ‘P’ if positive). If positive please specify the year of positivity and medication {ARVs)………………………..
[      ] Proteinuria (please put ‘N’ if negative and ‘+ or ++’ if positive)
Other tests
[      ] Screening for UTI or GTI (please put ‘N’ if negative and ‘P’ if positive)
[      ] RBS or FBS if suspicion of diabetes 
[      ] Serum creatinine if comorbid disease (in mmol) 
[      ] BS if suspicion of malaria (please put ‘N’ if negative and ‘+ or ++’ if positive)
[      ] TFTs if suspicion of thyroid disorder 
	Vitals
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)
ULTRASOUNDDONE:[  ] Yes  [  ] No
If yes, please tick findings bellow
[   ] Intrauterine pregnancy
[   ] Ectopic pregnancy
[   ] Heterotopic pregnancy
Number of foetuses
[   ] Singleton
[   ] Twins
[   ] Triplets
[   ] Quadruplets
Foetal status (gross anatomy)
[   ] Normal
[   ] Abnormal (Please specify foetal abnormalities)…………………………..
[      ] Foetal heart rate; [  ] MCA
[      ] Amniotic fluid; [   ]Resistive index
If twins, tick ONE
[   ] Monochorionic- monoamniotic
[   ] Dichorionic-diamniotic 
[   ]Monochorionic- diamniotic 
Admission:[  ]Yes; [  ]No. If yes, reasons (specify)
 [   ]Gyn ward, [  ]CCU, [  ]ICU MTRH,
[  ] ICU Private; [  ] PNW; [   ] ANW


	FOLLOW- UP

	ANTEPARTUM

	FIRST TRIMESTER (0-13 weeks)
[         ] Gestational age by LMP (in weeks)
Vitals
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)
If cardiac events, tick ONE or more
[  ] Arrhythmias
[  ] Cardiac arrest; [  ] Heart attack 
[  ] Heart failure
[  ] Systemic thromboembolism 
[  ] Cardiac death
[  ] Stroke
[  ] Pulmonary oedema
If obstetric events, please tick ONE or more
[  ] Miscarriage 
[  ] Medical termination of pregnancy (MTP)
[  ] Unsafe abortion
[  ] Deep venous thrombo-embolism
[  ] Maternal death
SECOND TRIMESTER (14-28)
[         ] Gestational age by LMP (in weeks)
Vital 
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)

	 If cardiac events, tick ONE or more
[  ] Arrhythmias;   [  ] Pulmonary oedema
[  ] Cardiac arrest; [  ] Heart attack
[  ] Heart failure
[  ] Systemic embolism 
[  ] Cardiac death
[  ] Stroke
If obstetric events, please tick ONE or more
[  ] Miscarriage 
[  ] Medical termination of pregnancy (MTP)
[  ] Unsafe abortion
[  ] Preterm labour
[  ] Deep venous thrombo-embolism
[  ] Maternal death
THIRD TRIMESTER (29-40)
[         ] Gestational age by LMP (in weeks)
Vital 
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[        ] Respiratory rate (bpm)
If cardiac events, tick ONE or more
[  ] Arrhythmias;    [  ] Pulmonary oedema
[  ] Cardiac arrest;  [  ] Heart attack
[  ] Heart failure
[  ] Systemic embolism 
[  ] Cardiac arrest
[  ] Stroke
If obstetric events, please tick ONE or more
[  ] Medical termination of pregnancy (MTP)
[  ] Preterm labour
[  ] Deep venous thrombo-embolism
[  ] Maternal death



	LABOUR AND DELIVERY

	Date……/…… /……(dd/mm/yy)
Tick the place where delivery occured
[   ] At home
[   ] Primary care level(dispensary, HC, S-H)
[   ] Secondary care level (county-H) 
[   ] Private hospital
[   ] Tertiary care level
Gestational age at time of delivery
[        ] weeks by LMP if known
[        ] weeks by ultrasound, if done
[        ] Unknown 
[       ] NYHA class
Initiation of labour
[     ] Spontaneous onset of labour
[     ] Induced
[     ] Medical termination of pregnancy (MTP)
If induction, please tick the reason(s)
[    ] Post-term or post-dates
[    ] Worsening cardiac conditions
[    ] High-risk patient, but stable
[    ] Hypertension disorders
[    ] Intrauterine growth restriction (IUGR)
[    ] Intrauterine foetal  demise (IUFD
[    ] Oligohydramnios
[    ] Polyhydramnios
[    ] Abnormal biophysical profile
[    ] Foetal malformation (please specify)…………..
[    ] Other reason (please specify)……….
If delivery at MTRH, please tick the area
[    ] Labour ward, [   ]ANW, [    ] Gynaecologic war, [    ] CCU, [   ] ICU, [   ] Theater [  ] Memorial
	MONITORING DURING LABOUR 
Maternal
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)
Foetal monitoring, using:
[    ] FHR by using foetoscope
[    ] FHR by using foetal Doppler
[   ] Foetal patterns by using CTG
Use of oxytocin:[  ]Yes, [   ] No. If yes, tick the reason
[   ] Protracted labour
[  ] Hypo-contraction
[   ] Arrested descent
[   ] Arrested dilatation 
[   ] Other reasons (please specify)……………
Medications during labour: [   ] Yes, [  ] No
If yes, please tick one or more
[   ] Epidural anaesthesia       [   ] Digoxin
[   ] Spinal anaesthesia           [   ] Diuretics
[  ] Local anaesthesia           [   ] Antibiotics  
[   ] Nitrous oxide                 [   ] IV fluid
[  ] Narcotic (IV/IM, oral)   [   ] Transfusion
[   ] Oxygen
[   ] General anaesthesia
[   ] Other (please specify)……………
Duration of labour
[      ]<5 hours
[      ]  5 to 10 hours
[      ]  10 to 15 hours
[      ]  15 to 20 hours
[      ]   20 to 24 hours


	MODE OF DELIVERY
Vaginal delivery
[   ] Spontaneous
[   ] Vacuum-assisted vaginal delivery
[   ] Forceps-assisted vaginal delivery
Indication of assisted vaginal delivery
[   ] Delayed second stage
[   ] Foetal distress in second stage
[   ] Maternal exhaustion 
[   ] NYHA class III or IV
[   ] Severe or moderate MS with  impaired left ventricular
[   ] Cardiac event during second stage
C-Section delivery  [  ] Yes  [  ]No
Obstetric indications 
[    ] Arrested disorders
[    ] Non-reassuring foetal status
[    ] Transverse lie
[    ] Cephalo-pelvic disproportion (CPD)
[    ] Precious pregnancy
[    ] Repeat CS
[    ] Malpresentation
[    ] Breech
[    ] Twins pregnancy
[    ] Severe preeclampsia
[    ] Eclampsia with poor Bishop score
[    ] Prolonged labour
[    ] Contracted pelvis
[    ] Failed induction
[    ] Severe oligo-hydramnios
[    ] APH
[    ] Uterine rupture
[    ] Uterine hypercontraction
[    ] Cord prolapse
[    ] Chorioamnionitis
[    ] Preterm
	C-section related to cardiac conditions
[   ] Dilated aortic root > 4 cm or aortic aneurysm
[   ] Acute severe congestive heart failure
[   ] Recent myocardial infarction
[   ] Severe symptomatic aortic stenosis
[   ] Patient on warfarin
[   ] Need for emergency valve replacement immediately after delivery
[   ] Moderate or severe MS or in NYHA class III or IV with failed percutaneous mitral commissurotomy 
[   ] Severe pulmonary hypertension
Presence of a competent team during labour and delivery , please tick all
[   ] Obstetrician
[   ] Cardiologist
[   ] Anaesthesiologist/ Anaesthetist
[   ] Paediatrician
[   ] Midwife
[   ] Nurse;  [   ] Other person……………
If cardiac events, tick ONE or more
[  ] Arrhythmias   [  ]Aortic dissection
[  ] Cardiac arrest [  ]Heart attacks
[  ] Heart failure   [  ]Eisenmenger’s reaction
[  ] Systemic embolism 
[  ] Cardiac death
If obstetric events, please tick ONE or more
[  ] Maternal death
[  ] Eclampsia
[  ] PPH
[  ] Retained placenta
[  ] Uterine rupture
[  ] Postpartum depression 
Need for immediate ICU admission after delivery: [   ] Yes  [   ] No
If yes, specify bellow
[  ] ICU MTRH; [   ] ICU private hosp



	NEWBORN AFTER BIRTH


	Date of birth……/……/…….(dd/mm/yy)
APGAR score
[    ] First minute
[    ] Five minutes
Weight:  [                 ] grams; [       ] grams
Sex: [     ] Male      [      ] Female
Admission to NBU/NIC:[    ] Yes [     ] No
If yes,  please tick the reason
[   ] Birth asphyxia
[   ] Prematurity
[   ] Meconium aspiration
[   ] Birth trauma
[   ] Congenital malformation (please specify)……
[   ] Neonatal sepsis
[   ] Hypothermia
[   ] Hypoglycaemia
[   ] Anaemia
[   ] Other reason (please specify)……………
If foetal events, please tick ONE or more
[   ] Macerated stillbirth
[   ] Fresh stillbirth
[   ] Congenital abnormalities
[   ] Intraventricular haemorrhage 

	Physical examination of newborn
[   ] Normal
[   ] Abnormal (please specify abnormalities)…………………………..
[         ] Heart rate (bpm); 
[         ] BPs (mmHg)
[         ] SPO2 (%)
[         ] Cyanosis
[         ] LV apex sustained 
[         ] RV enlargement or hypertrophy
ECHOCARDIOGRAM DONE (only on suspicion of congenital heart diseases)
[   ] Yes  [   ] No
[ ] Normal
[ ] Abnormal echo
If abnormal echo, please tick congenital heart lesions and describe……………….
…………………………………………..



CONTRIBUTING FACTORS TO ADVERSE MATERNAL AND FOETAL OUTCOMES (TO BE COMPLETED AFTER BIRTH ONLY)
	-Tick one. Do you have any barriers to accessing to quality of healthcare? [     ] Yes      [    ] No
If yes tick any:
[   ] Financial barriers and lack of transport fees (distance) 
[   ]Lack of health insurance
 [   ] Lack of awareness  about my condition 
Preconception counselling
-Tick one. Did you receive any information regarding your health condition before pregnancy?
[   ] Yes [   ] No. yes or no, did you plan for your pregnancy with your health provider? 
[   ] Yes [   ] No
[     ] Number of children do you have
[     ] Number of  children do you would like have

	Antenatal care
-Tick one. Did you have access to antenatal care visit? [   ] Yes  [   ] No
If yes, [       ] Number of visit 
-Tick one. In which  health facility did you attend ANC
[    ] Primary care level
[    ] Secondary care level
[    ] Private hospital  
[    ] Tertiary care level 
-Tick one: How far is the nearest hospital/ health centre from your home?  [   ]< 5km, [    ] >5 km. 
-Tick one. Do you pay for transport to reach the health facility? [   ] Yes   [   ] No
Any concerns to share with us?
Thank you for your participation in this study 



	POSTPARTUM EVALUATION AND DISCHARGE TIME

	Week of discharge, please tick one
[     ] First week postpartum
[     ] Second week postpartum
[     ] Third week postpartum
[     ] Fourth week postpartum
[     ] Fifth week postpartum
[     ] Sixth week postpartum
Date of discharge……/…./…./(dd/mm/yy)
Department/ unit of admission or stay, tick ONE or more   
[   ] ANW
[   ] PNW
[   ] Gyn ward
[   ] CCU
[   ] ICU
[   ] Memorial or private 
Duration of stay in hospital (number of days)
[      ] Antepartum
[      ] Postpartum
[      ] CCU
[      ] ICU
[      ] Gyn ward
[      ] Memorial or private 
Medication after delivery
[    ] ACE inhibitors (please specify)………
[    ]Antiarrhythmics (please specify)………
[    ] Betablockers (please specify)…………
[    ] Anticoagulants (lease specify)…………
[    ] Diuretics (please specify)………………
[    ] Digoxin
[    ] Nitrates
[    ]Panadar ( monthly penicillin injection)
[    ] Other (please specify)

	Vitals 
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)
FAMILY PLANNING:[  ] Yes [    ] No.
If yes, please tick ONE
[    ] Progestin only
[    ] DMPA
[    ] PPIUD
[    ]Jadelle
[    ]Implanon
[    ] BTL
[    ] Condoms



	FOLLOW -UP

	POSTPARTUM (UP TO SIX WEEKS)

	Please, tick the week of  your visit 
[     ] First week postpartum
[     ] Second week postpartum
[     ] Third week postpartum
[     ] Fourth week postpartum
[     ] Fifth week postpartum
[     ] Sixth week postpartum
Vitals 
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm)
Medication 
[    ] ACE inhibitors (please specify)………
[    ]Antiarrhythmics (please specify)………
[    ] Betablockers (please specify)……………
[    ] Anticoagulants (please specify)…………
[    ] Diuretics (please specify)………………
[    ] Digoxin
[    ] Nitrates
[    ] Monthly penicillin injection 
[    ] Other (please specify)
If cardiac events, tick ONE or more
[  ] Arrhythmias
[  ] Cardiac arrest
[  ] Heart failure
[  ] Systemic embolism 
[  ] Cardiac death
[  ] Stroke
[  ] Pulmonary oedema

	If obstetric events, please tick ONE or more
[  ] Maternal death
[  ] Eclampsia
[  ] PPH
[  ] Puerperal sepsis
[  ]Postpartum depression
[  ] Other events (please specify)……
Readmission: [    ] Yes        [     ] No
If yes, please tick the unit of readmission
[    ] PNW
[    ] CCU
[    ] ICU
Reason for readmission (please specify)
[  ] Arrhythmias
[  ] Cardiac arrest
[  ] Heart failure
[  ] Systemic embolism 
[  ] Cardiac death
[  ] Stroke
[  ] Pulmonary oedema
[  ] Sepsis
[  ]Secondary PPH
[  ] Other reasons (please, specify)…….
…………………………………………


	FOLLOW -UP

	NEWBORN AND INFANT (UP TO FOUR WEEKS OR 28 DAYS AFTER BIRTH)

	Period (in weeks)
[     ] First week postpartum
[     ] Second week postpartum
[     ] Third week postpartum
[     ] Fourth week postpartum
Vitals 
[             ] BPs (in mmHg)
[             ] Pulse rate  (bpm)
[             ] SPO2 (in percentage)
[             ] Respiratory rate (bpm
[             ] Temperature
Readmission at NBU/ICU: [    ] Yes     [      ] No
If yes, please specify the reason below:
[   ] Neonatal sepsis
[   ] Hypothermia
[   ] Hypoglycaemia
[   ] Anaemia
[   ] Pneumonia
[   ] Jaundice 
[   ] Other reason (please specify)…………

	CONGENITAL HEART DISEASES
[   ] Yes  [   ] No
If yes, tick one or more
Shunts:
[  ] Atrial septal defect (ASD);
[  ] Ventricular septal defect (VSD); 
[  ] Patent ductus arteriosus (PDA)
Obstruction or regurgitation
[  ] Coarctation of the aorta
[  ] Bicuspid valve/ congenital AS
[  ] Mitral valve at any level
[  ] Pulmonic stenosis
[  ] Tricuspid atresia
[  ] Truncus arteriosus
Complex lesions
[  ] Tetralogy of Fallot
[  ] Transposition (classic D or corrected: L)
[  ] Univentricular heart
[  ] Double outlet RV
[  ] Ebstein’s anomaly
[  ] Marfan’s syndrome
[  ] Hypertrophic cardiomyopathy
[  ] Mitral valve prolapse (MVP) (please, specify)



	BASELINE OF ELECTROCARDIOGRAM AND ECHOCARDIOGRAM RESULTS

	ELECTROCARDIOGRAM (EKG)
Date:……./……../……(dd/mm/yy)
[  ] Sinus rhythm normal
[  ] Sinus rhythm abnormal (please specify)……………………………………
[  ] Right ventricular hypertrophy
[  }Left ventricular hypertrophy
[  ] QRS axis deviation (please specify the side of deviation L or R)…………………………………………
[  ] Atrial fibrillation
[  ] Flutter
[  ] Other ECG abnormalities (please specify):………………………………
Please attaché a copy of all ECG
MATERNAL ECHOCARDIOGRAM (ECHO)
Date……../……./…(dd/mm/yy)
LV function
[  ] Normal (EF>55%)
[  ] Mild systolic dysfunction (EF 45-55%)
[  ] Moderate systolic dysfunction (EF 30- 45%)
[  ] Severe systolic dysfunction (EF <30%0
RV function:
[  ]Normal
[  ]Moderately reduced
[  ]Hypercontractile
[  ]Mildly reduced 
[  ]Severely reduced
Septal
[  ] Atrial septal normal
[  ]Atrial septal defect
[  ]Ventricular septal normal
[  ]Ventricular septal defect
[  ]Patent defect Arteriosus
Great arteries
[  ] Normal
[  ] Abnormal (please specify)…………………………….
	Venous Return:
Inferior vena cave (IVC)
[  ] Normal
[  ] Abnormal (please specify)…………………………………
Superior vena cava (SVC)
[  ] Normal
[  ] Abnormal (please specify)……………
Stenotic valve lesions
Stenotic mitral valve lesions
[  ]Normal mitral valve area (4.0-6.0cm²)
[  ] Mild mitral stenosis (1.6-2.5cm²)
[  ] Moderate mitral valve stenosis (1.5cm²)
[  ]Severe mitral stenosis (<1.0cm²)
Mitral valve mean gradient
[  ] Normal gradient (<2mmHg)
[  ] Mild stenosis  (2-6mmHg)
[  ]Moderate stenosis (6-12mmHg)
[  ] Severe stenosis (>12mmHg)
Stenotic aortic valve lesions
[  ]Normal aortic valve area (2.5-4.5cm2)
[  ] Mild aortic stenosis ( 1.0-2.5cm²)
[  ]Moderate aortic stenosis (0.75-1.0cm²)
[  ]Severe aortic stenosis (<0.75cm²)



	Aortic valve mean gradient
[  ] Normal aortic area gradient (<5 mmHg)
[  ]Mild aortic stenosis (5-25 mmHg)
[  ] Moderate aortic stenosis (25-50 mmHg)
[  ] Severe aortic stenosis (>50mmHg)
Pulmonary valve
[  ] Normal pulmonary valve area
[  ] Pulmonic stenosis 
[  ] Other pulmonary valve lesions (please specify)………
Pulmonary hypertension (PHTN)
[  ] Normal pulmonary pressure (12-29mmHg)
[  ] Mild pulmonary hypertension (30-40mmhg)
[  ] Moderate pulmonary hypertension (40-70mmHg)
[  ] Severe pulmonary hypertension (≥70mmHg)
Regurgitant valve lesions (colour Doppler)
Mitral valve (regurgitant volume)
[  ] Mild mitral regurgitation ( <30)
[  ] Moderate mitral regurgitation ( 30-59)
[  ] Severe mitral regurgitation ( ≥60)
[  ] Mitral valve prolapse
Aortic valve regurgitation PHTN
[  ] Mild aortic regurgitation (>550msec)
[  ] Moderate aortic regurgitation (300-550msec)
[  ] Severe aortic regurgitation (<300msec)
Tricuspid valve
[  ] Mild tricuspid regurgitation
[  ] Moderate tricuspid regurgitation 
[  ] Severe tricuspid regurgitation
	Heart chambers
Left:
[  ] Normal left atrium
[  ] Dilated left atrium
[  ] Normal left ventricle
[  ] Dilated left ventricle
[  ] Dilated LV and LA
Right:
[  ] Normal right atrium
[  ] Dilated right atrium
[  ] Normal right ventricle
[  ] Dilated right ventricle
[  ] Dilated RV and RA
[  ] Congestive cardiac failure
[  ] Other cardiac lesions (please specify)……
Comments on findings (please attaché a copy)
CHEST X-RAY: [  ]Yes  [  ] No. If yes;
[  ] Normal chest x-ray
[  ] Abnormal chest x-ray (please specify)……
……………………………………………….
CT- angiography: [  ] Yes; [  ] No. If yes,
[  ] Normal
[  ] Abnormal (please specify)……………….
MRI: [  ]Yes  [  ] No. If yes,
[  ] Normal
[  ] Abnormal (please specify)………………


	APPENDIX E: Modified World Health Organization (WHO) risk assessment classification of cardiac disease in pregnancy

	Low -Risk: tick [  ]
	Extremely high-Risk: tick  [   ]

	WHO-I 
	WHO-IV

	· Uncomplicated small or mild disease
· Pulmonary stenosis Patent ductus arteriosus Mitral valve prolapse
· Successfully repaired simple lesions (atrial or ventricular septal defect, patent ductus arteriosus, anomalous pulmonary venous drainage) 
· Atrial or ventricular ectopic beats, isolated
	· Pulmonary arterial hypertension of any cause
· Severe systemic ventricular dysfunction (LVEF <30%, NYHA III - IV) 
· Previous peripartum cardiomyopathy with any residual impairment of left ventricular function 
· Severe mitral stenosis, severe symptomatic aortic stenosis
·  Marfan syndrome with aorta dilated >45 mm
· Aortic dilatation >50 mm in aortic disease associated with bicuspid aortic valve Native severe coarctation

	WHO-II (Medium risk): Tick [  ]
	

	· Unoperated atrial or ventricular septal defect 
· Repaired tetralogy of Fallot 
· Most arrhythmias
	

	High-risk: Tick [  ]
	

	WHO II – III 
	

	· Mild left ventricular impairment
· Hypertrophic cardiomyopathy
· Native or tissue valvular heart disease not considered WHO I or IV 
· Marfan syndrome without aortic dilatation
· Aorta <45 mm in aortic disease associated with a bicuspid valve
· Repaired coarctation
	

	WHO -III
	

	· Mechanical valve Systemic right ventricle 
· Fontan circulation Cyanotic heart disease (unrepaired) Other complex congenital heart disease 
· Aortic dilatation 40 - 45 mm in Marfan syndrome 
· Aortic dilatation 45 - 50 mm in aortic dissection with bicuspid aortic valve
	


	APPENDIX F: PATIENT HEALTH QUESTIONNAIRE-9: SCREENING INSTRUMENT FOR DEPRESSION

	Over the past two weeks, how often have you been bothered by any of the following problems?
	Not at all
	Several days
	More than 0ne half the day
	Nearly every days 

	Little interest or pleasure in doing things
	0
	1
	2
	3

	Feeling down, depressed, or hopeless
	0
	1
	2
	3

	Trouble falling or staying asleep, or sleeping too much
	0
	1
	2
	3

	Feeling tired or having little energy
	0
	1
	2
	3

	Poor appetite or overeating
	0
	1
	2
	3

	Feeling bad about yourself—or that you are a failure or have let yourself or your family down
	0
	1
	2
	3

	Trouble concentrating on things, such as reading the newspaper or watching television
	0
	1
	2
	3

	Moving or speaking so slowly that other people could have noticed. Or the opposite—being so fidgety or restless that 
 you have been moving around a lot more than usual
	0
	1
	2
	3

	Thoughts that you would be better off dead, or of hurting yourself in some way
	0
	1
	2
	3

	Total score
	
	
	
	

	Interpretation
	
	
	
	

	Total score
	Depression severity
	
	
	

	1 to 4
	Minimal
	
	
	

	5 to 9
	Mild
	
	
	

	10 to 14
	Moderate
	
	
	

	15 to 19
	Moderately severe
	
	
	

	20 to 27
	Severe
	
	
	


Source: http://www.phqscreeners.com. Accessed September 6, 2011.
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Total of pregnant women seen (October 2016-October 2018)


22,573





Pregnant women with cardiac disease


103





Included in the study


91





Excluded from the study


12





Lost to follow-up


1





Total participants


           90








