INTRODUCTION
Globally, cardiac disease complicates approximately 1% to 3% of pregnancies and responsible for 10% to 15% of maternal mortality. The number of women in childbearing age with congenital heart disease is increasing due to development in the diagnostic tools and care during childhood that improve the survival rates and overall health, allowing successful pregnancy [1].
According to the Confidential Enquiries into Maternal Deaths in the UK (1997–1999), heart disease equalled thromboembolism as a leading  cause of maternal mortality, while in 2003–2005, there were 295 deaths in the whole UK and the most common  indirect causes of death were due to heart disease (48 deaths) and thromboembolism (41 deaths). In 2007, it was the second commonest cause of all maternal deaths [2]. 
It is the most common indirect cause of maternal mortality In Sri Lanka 2004 the maternal mortality rate of 38 per 100 000(145 cases), about 42 indirect deaths most of them are due to heart disease [3].
[bookmark: 135821884d5fd3eb_hit1] 	In Jordan 2007-2008, national maternal mortality ratio of 19.1 deaths per 100 000 live births (76 cases), about 20 indirect deaths (26.3%), 8 of which were due to cardiac disease (10.5%) [4].


Heart disease in Sudan
In 2004 Annual Health Statistical report of Sudan. In the discharge clinics 3.97% of the cardiac cases are due to rheumatic heart diseases, 51.7% of these cases were females, most of them in the reproductive age (15-45 years) [5].
In 2007Annual Health Statistical report of Sudan, heart diseases were the leading cause of death in hospitals for 7% of the total deaths (heart failure and other heart disease). In the discharge clinics 41.1% of the cardiac cases were due to rheumatic heart diseases, 22.6% of these cases are females and most of them in the reproductive age [5]. The increasing rates of rheumatic heart disease may be due to the increase in the specialized centres with advanced diagnostic tools in Sudan [5].
According to 2006 Sudan household survey, maternal mortality ratio in Sudan is 1,017 deaths per 100, 000 live births, and it is considered to be in the fourth line cause of indirect maternal death after malaria, anaemia, and thromboembolism [6].
Types and classification
In developing countries, rheumatic heart disease is still predominant and continues to be a major cause of indirect maternal morbidity and mortality [7, 8, 9, and 10].
[bookmark: 135821884d5fd3eb_hit50]A retrospective analytic study was done in India shared by all Indian Institutes of Medical sciences, New Delhi, during 1994-2000 in 207 cases to evaluate the maternal and fetal outcome of pregnancies complicated heart disease in developing countries, showed that 88.4% of cases (n=183) rheumatic heart disease, with Mitral Stenosis  being the predominant lesion 65.03%(n=119). Congenital heart disease was seen in 24 (12%) women, 15 of them had septal defects. Twenty-eight (13.52%) women had associated underlying medical disorders [8].
Another study was done in Iran for  the analysis  of  the outcomes of 186 pregnant women with  heart disease who were admitted to Vali-e-Asr hospital of the Medical University of Tehran, showed that 85.48% (n=159)are rheumatic heart disease, and mitral stenosis was the most predominant lesion(82%) [9].
A retrospective study from a tertiary referral centre in Kuala Lumpur, Malaysia over a period of 3 years in the pregnancy outcome of acyanotic heart disease that found, there were 19,151 deliveries were 143 cases had heart disease in pregnancy, all of which were acyanotic, giving an incidence of 0.7%. Fifty-one (38.4%) of these were congenital whereas 82 (61.6%) were acquired mainly rheumatic heart disease [7]. 
In Brazil 1989-1999, the clinical and obstetric team of Heart Institute (InCor) and Department of Obstetrics of (the Clinics Hospital), University of São Paulo Medical School followed 1,000 pregnant women with heart disease. The cardiac diseases included rheumatic heart disease (55.7%), congenital heart disease (19.1%), Chagas' disease (8.5%), cardiac arrhythmias (5.1%), cardiomyopathies (4.3%), and others (7.3%) [10].
Previously, rheumatic heart disease considered the dominant cardiac lesion in Australia, Ireland, and Israel [11]. But now in the developed world, congenital heart disease is more common in the pregnant population than acquired heart disease, ratio of 3:1. This reflects the fact that with advances in cardiac surgery and medication, 85% of infants with congenital heart disease now survive into adult life. Moreover, because of increased care to the children; rheumatic heart disease is declining [12, 13]. 
In UK with increase, immigration there is increasing number of pregnant women with rheumatic heart disease will increase over the coming years [19]. Indeed, the latest confidential enquiry reported the first maternal deaths due to rheumatic heart disease since 1991-1993 were in recent immigrants.  
Fortunately, the rates of maternal death related to structural congenital heart disease have declined progressively, suggesting that the level of awareness may have increased and, thus, may have led to improved management of pregnant women with various congenital heart defects [14, 15].
Ischemic heart disease is rapidly increasing in the pregnant population and one the commonest cause of cardiac death in pregnancy in the developed countries such as UK [16]. This is likely due to increased maternal age, smoking, the adoption of a sedentary life style and poor diet leading to greater rates of obesity, diabetes and hypertension. Indeed, Confidential Enquiry into Maternal Mortality 1997-1999; reported five women died following myocardial infarction. The risk of an acute myocardial infarction during pregnancy is small but increasing, with an estimated incidence of one in 35,700 deliveries between 1991 and 2000, [17] and one in 16,100 deliveries between 2000 and 2002 [18]. 
Pregnancy-induced cardiomyopathy define as a disorder in which left ventricular systolic dysfunction and heart failure present in the last month of pregnancy and the first 5 months post-delivery, in the absence of all other causes of dilated cardiomyopathy with heart failure. Although it is a rare condition in UK, it is one of the most common causes of maternal death in an estimated incidence of 1 case per 5000-10,000 live births [19]. 
[bookmark: 135821884d5fd3eb_hit2]The risk factors of Peripartum cardiomyopathy are more prevalent in women of African descent; the highest observed incidence is in Haiti (1 per 300 live births) [20]. 
[bookmark: 135821884d5fd3eb_hit7]Another case-control study was performed in Georgia, USA, at a regional cardiovascular centre that provides medical care to a racially heterogeneous population, was approved that African-American women had a 15.7-fold higher relative risk of Peripartum cardiomyopathy than non–African Americans (odds ratio [OR]: 15.7, 95% confidence interval [CI]: 3.5 to 70.6) [21].
[bookmark: 135821884d5fd3eb_hit3][bookmark: 135821884d5fd3eb_hit5][bookmark: 135821884d5fd3eb_hit6]A retrospective study conducted in Martinique, France showed an incidence of 1 per 5500 live births. This incidence is significantly lower than in Haiti. Women from Martinique and Haiti do not differ for most classical risk factors: African descent, age, pregnancy-associated hypertension, multiple pregnancy and pre - eclampsia [20]. However, the parity rate and the socioeconomic level are different. Thus, African descent confounded by high parity rate and socioeconomic status [20].
Other cases of cardiomyopathy such as hypertrophic cardiomyopathy; were familial, inherited as autosomal dominant. Most of the cases are asymptomatic and pregnancy well tolerated, unless left ventricular outflow tract obstruction precipitated by hypotension or hypovolaemia. Beta-blocker is the drug of choice in symptomatic women [22].      
Cardiac arrhythmias are also an important cause of maternal and morbidity. Pregnancy increases the incidence of cardiac arrhythmia. This is due to hormonal changes, alterations in autonomic tone, increased hemodynamic demands and mild hypokalemia [23]. These factors act to precipitate cardiac arrhythmias not present prior to pregnancy or exacerbate pre-existing arrhythmias. The risk is highest during labour and delivery [23]. Silversides CK et al reported a high recurrence rate of arrhythmias in the women in sinus rhythm at baseline, 44% (36 of 81 pregnancies) developed recurrences of tachyarrhythmia’s during pregnancy or in the early postpartum period. The specific recurrence rates during pregnancy in women with a history of supraventricular tachycardia, paroxysmal Atrail Fibrillation/Atrail (AF/Afl) flutter, and ventricular tachycardia were 50%, 52%, and 27%, respectively. The six women in AF/Afl at baseline remained in this rhythm throughout their pregnancy. In the same study adverse foetal events occurred in 17 of the 87 pregnancies (20%) in women with tachyarrhythmia before pregnancy who underwent obstetric care at the Toronto General and Mount Sinai Hospitals from 1990 to 2002 were included [24]. 
Physiological changes during pregnancy
[bookmark: 135821884d5fd3eb_card]Physiological and anatomical alterations develop in many organ systems during the course of pregnancy and delivery. Early changes are due, in part, to the metabolic demands brought on by the foetus, placenta and uterus and, in part, to the increasing levels of pregnancy hormones, particularly those of progesterone and oestrogen. Later changes, starting in mid-pregnancy, are anatomical in nature and caused by mechanical pressure from the expanding uterus. These alterations create unique requirements for the anaesthetic management of the pregnant woman [25]. 

 Cardiovascular System 
The pregnancy-induced  changes  in  the cardiovascular system develop primarily to meet the increased metabolic demands of the mother and foetus [25].
Blood Volume increases progressively from 6-8 weeks gestation (pregnancy) and reaches a maximum at approximately 32-34 weeks with little change thereafter. Most of the added volume of blood accounted for by an increased capacity of the uterine, breast, renal, striated muscle and cutaneous vascular systems, with no evidence of circulatory overload in the healthy pregnant woman. The increase in plasma volume (40-50%) is relatively greater than that of red cell mass (20-30%) resulting in hemodilution and a decrease in haemoglobin concentration. Intake of supplemental iron and folic acid is necessary to restore haemoglobin levels to normal (12 g/dl) [25].
The increased blood volume serves two purposes. First, it facilitates maternal and foetal exchanges of respiratory gases, nutrients and metabolites. Second, it reduces the impact of maternal blood loss at delivery. Typical losses of 300-500 ml for vaginal births and 750-1000 ml for Caesarean sections are thus compensated with the so-called "auto transfusion" of blood from the contracting uterus [25].
Blood Constituents As mentioned above, red cell mass is increased 20-30%. Leukocyte counts are variable during gestation, but usually remain within the upper limits of normal. Marked elevations, however, develop during and after parturition (delivery). Fibrinogen, as well as total body and plasma levels of factors VII, X and XII increases markedly. The number of platelets also rises, yet not above the upper limits of normal. Combined with a decrease in fibrinolytic activity, these changes tend to prevent excessive bleeding at delivery. Thus, pregnancy is a relatively hypercoagulable state, but during pregnancy neither clotting nor bleeding times are abnormal [25].
Cardiac Output increases to a similar degree as the blood volume. During the first trimester cardiac output is 30-40% higher than in the non-pregnant state. Steady rises shown on Doppler echocardiography, from an average of 6.7 litters/minute at 8-11 weeks to about 8.7 litters/minute flow at 36-39 weeks; they are due, primarily, to an increase in stroke volume (35%) and, to a lesser extent, to a more rapid heart rate (15%). There is steady reduction in systemic vascular resistance (SVR) which contributes towards the hyperdynamic circulation observed in pregnancy [25].
During labour, further increases seen with pain in response to increased catecholamine secretion; this increase can be blunted with the institution of labour analgesia. Also during labour, there is an increase in intravascular volume by 300-500 ml of blood from the contracting uterus to the venous system. Following delivery, this auto transfusion compensates for the blood losses and tends to increase cardiac output by 50% of pre-delivery values. At this point, stroke volume is increased while heart rate is slowed [25]. 
Cardiac Size / Position / ECG There are both size and position changes, which can lead to changes in ECG appearance. The heart enlarges by both chamber dilation and hypertrophy. Dilation across the tricuspid valve can initiate mild regurgitant flow causing a normal grade II systolic murmur or I. Upward displacement of the diaphragm by the enlarging uterus causes the heart to shift to the left and anteriorly, so that the apex beat moves outward and upward. These changes lead to common ECG findings of left axis deviation, sagging ST segments and frequently inversion or flattening of the T-wave in lead III [25]. 
Blood Pressure systemic arterial pressure never increases during normal gestation. In fact, by mid pregnancy, a slight decrease in diastolic pressure recognized. Pulmonary arterial pressure also maintains a constant level. However, vascular tone is more dependent upon sympathetic control than in the non-pregnant state, so that hypotension develops more readily and more markedly consequent to sympathetic blockade following spinal or extradural anaesthesia. Central venous and brachial venous pressures remain unchanged during pregnancy, but femoral venous pressure progressively increased due to mechanical factors [25]. 
Aortocaval Compression from mid-pregnancy, the enlarged uterus compresses both the inferior vena cava and the lower aorta when the patient lies supine. Obstruction of the inferior vena cava reduces venous return to the heart leading to a fall in cardiac output by as much as 24% towards term. In the un anaesthetized state, most women are capable of compensating for the resultant decrease in stroke volume by increasing systemic vascular resistance and heart rate. There are also alternative venous pathways, the paravertebral and azygos systems. During anaesthesia, however, these compensatory mechanisms are reduced or abolished, so that significant hypotension is rapidly develops. Obstruction of the lower aorta and its branches causes diminished blood flow to kidneys, utero placental unit and lower extremities. During the last trimester, maternal kidney function is markedly lower in the supine than in the lateral position. Furthermore, the foetus compromised by insufficient transplacental gas exchange [25].
Venous Distension increases approximately to 150% during the course of gestation and the venous ends of capillaries become dilated, causing reduced blood flow. These vascular changes contribute to delayed absorption of subcutaneously or intramuscularly injected substances. Distension of the extradural veins heightens the risk of vascular damage during institution of a regional block. The increased venous volume within the rigid spinal canal reduces the volume or capacity of the extradural and intrathecal spaces for local anaesthetic solutions.  This  will  therefore  increase  the spread of injected drugs [25].
Clinical Implications; Despite the increased workload of the heart during gestation and labour, the healthy woman has no impairment of cardiac reserve. In contrast, for the gravida with heart disease and low cardiac reserve, the increase in the work of the heart may cause ventricular failure and pulmonary edema. In these women, effective pain relief, optimally provided by extradural or spinal analgesia, must prevent further increases in cardiac workload during labour. Since cardiac output is highest in the immediate postpartum period, sympathetic blockade should maintain for several hours after delivery and then weaned off slowly [25].
Effect of heart disease in pregnancy
Maternal and neonatal Outcomes
A prospective multicenter study in Canada of 562 women with heart disease receiving comprehensive prenatal care reported pulmonary edema, arrhythmia, stroke, or cardiac death complicated 13% of pregnancies. Neonatal complications in 20% of pregnancies were associated with poor functional class or cyanosis, left heart obstruction, anticoagulation, smoking, and multiple gestations [26].
Most of the studies agree that patients in NYHA class I/II has a better maternal and foetal outcome than those in NYHA class III/IV [8,9]. In the Indian study, post-partum complications (respiratory infection, pulmonary edema, post-partum haemorrhage, perinatal tear, and wound infection) were comparable in NYHA class I/II and III/IV (13.9% vs. 11.9%). In addition, there were more foetal complications (19.3% vs. 28.5%) and low birth weight (35.76% vs. 57.14%) neonates in NYHA class III/IV than those in NYHA class I/II [9].
Obstetric Complications
The presence of heart disease does appear to increase the risk of obstetric complication. In a retrospective study of 112 pregnancies in women with congenital heart disease, Ouyang et al. report a 32.6% rate of adverse obstetric outcomes [27]. 
Pre-term delivery and postpartum haemorrhage were the most frequent complications seen. Pre-term delivery was due to preterm premature rupture of membranes. The increased rate of postpartum haemorrhage is probably due to an increased rate of planned assisted delivery. However, the use of anticoagulation in the Peripartum period and cyanosis are independent predictors of postpartum haemorrhage [26]. The only cardiac lesion with specific increased risks is Coarctation of the aorta, which is associated with an increased risk of pregnancy-induced hypertension [26].
If obstetric complications do occur, this can have significant impact on the outcomes of pregnancy. For example, pre-eclampsia increases the risk of cardiac decompensation and death and postpartum haemorrhage can lead to hypovolemic shock, which often poorly tolerated. The relative immunocompromise of pregnancy increases the risk of infection (e.g., urinary tract infection) and wound infection. This can increase the heart rate, potentially worsening cardiac function [8].
Foetal & Neonatal Outcomes
The presence of maternal heart disease affects the foetus in a number of ways. First, the risk of spontaneous miscarriage and therapeutic abortion increases in women with heart disease [28].
       The offspring of a mother with congenital heart disease are also at increased risk of inheriting a congenital heart disease. The overall risk of the offspring inheriting polygenic cardiac disease quoted at 3-5%, compared with a 1% risk in the general population [29].The risk is, in fact, dependent on the affected parent's condition and there is an increased risk if a previous sibling affected [30]. In all India institute study, the neonates with cardiac defects such as ASD and tetrology of Fallot’s has reported in both mothers with rheumatic and congenital heart diseases [8]. 
Predictors of adverse neonatal outcomes were NYHA class greater than II, cyanosis, maternal left ventricular obstruction, maternal smoking, maternal age under 20 years or over 35 years, multiple gestation and anticoagulation during pregnancy [7, 8, and 9].
The rate of neonatal complication significantly increased in women with heart disease. Siu et al. in their prospective longitudinal study of pregnancy outcomes in women with heart disease reported neonatal outcomes in 302 pregnancies [31]. Neonatal complications occurred in 18% of pregnancies. Preterm delivery occurred in 15%, foetal growth restriction in 4%, respiratory distress syndrome or intraventricular haemorrhage in 2% and neonatal death in 3% of pregnancies. Neonatal complications are particularly high in women with cyanotic heart disease and in women with a Fontan repair [32]. Pregnancy is associated with a high incidence of foetal loss, stillbirth, foetal growth restriction and preterm delivery [33]. In cyanotic heart disease, the risk increases significantly when maternal oxygen saturations fall below 85%. This should discuss prepregnancy, and the foetus should monitor carefully throughout pregnancy.
Effects of medications on the foetal outcome
 	In a cohort study of all women with congenital heart disease followed by the Boston Adult Congenital Heart (BACH) service and delivering at Brigham and Women’s Hospital between January 1998 and September 2004; Khairy et al was reported nine spontaneous abortions in the first trimester and 2 in the second trimester. Univariate predictors of these spontaneous abortion were maternal hypertension (OR, 17.8; 95% CI, 1.4 to 218.3; P=0.0247), antiplatelet agent (OR, 7.3; 95% CI, 1.6 to 33.4; P=0.0100), and antiarrhythmic medication (OR, 5.3; 95% CI, 1.2 to 23.0; P=0.0249). [34] Associations between miscarriages, hypertension, [35] and aspirin [36] previously reported. Class III antiarrhythmic agents such as sotalol have been shown to increase the incidence of embryonic deaths in animal studies [37].
Other cardiac medications that can adversely affect the foetus (e.g., ACE inhibitors, statins, and warfarin). ACE inhibitors known to have teratogenic effects in the first trimester and should therefore avoided during this period. [38] Exposure in the second and third trimester can lead to marked foetal hypotension and decreased (foetal) renal blood [38].
Statins are potential teratogens based on theoretical considerations. However, epidemiological data suggest that statins are not major teratogens, but it is still advisable to avoid statins during the first trimester [39]. 
Warfarin use in pregnancy is associated with a low risk of maternal thromboembolic complications but a high rate of foetal loss [40].Warfarin use should avoid in the first trimester of pregnancy, as it is teratogenic and causes coumadin embryopathy (0–3.4%) [41, 43]. Heparin therapy significantly improves foetal outcome, but up to a third of pregnant women with mechanical valves have thromboembolic complications, including fatal events [42]. 
Cardiac Intervention
In the retrospective Indian study in183 women with RHD, 60.65% (n=111) of women became pregnant after cardiac intervention, 73 of them underwent PTMC/CMV and 38 underwent valve replacement (prosthetic 37, autologous one). All women who had valve replacement remained in NYHA I/II during the course of their pregnancy except one [8].
In the post-PTMC/CMV group, four women developed re-stenosis of the mitral valve and two of them had to undergo a repeat procedure (PTMC one, CMV one) during the index pregnancy [8]. 
Of 72 women with uncorrected valve disease, 10 of them required cardiac intervention (PTMC 7, CMV 1, and valve replacement two) during the index pregnancy. One of the seven patients who underwent PTMC during pregnancy had a sub-optimal result and she developed congestive cardiac failure during labour [8].


 JUSTIFICATION
1. Unfortunately, there are no statistical records about pregnancy with heart disease online about Sudan, because of the unavailability of the joined cardio-obstetric clinics in most of the Sudanese teaching hospitals.
2. Most of the cases under estimated, because physiologic changes of pregnancy masked the underlying disease. In addition, in Sudan, we still concentrate in the main causes of maternal death; such as haemorrhage and infections and the other causes most probably miss diagnosed .e.g. Peripartum cardiomyopathy and pulmonary edema.
3. Some diagnosed and operated on cases are not aware about the risks of pregnancy, not receiving pre-conceptional counselling, and not regular attenders of the known obstetric-cardiac clinics for follow up.
4. In the nearby future the incidence of pregnancy complicated by heart disease will expect to rise; due to:
     A.  Continuous development of maternal reproductive health services, which will help in reduction in the direct causes of maternal deaths.
    B. Cardiac centres, which facilitate early diagnosis, care and surgical correction of defects.


OBJECTIVE
General Objective
To determine the impact of cardiac disease on maternal and perinatal outcome of pregnancies complicated by cardiac disease in cases who attended Khartoum teaching hospital.
Specific Objectives
1. To describe the types of cardiac lesions and cardiac status in the study group. 
2. To determine the obstetric complications and mode of delivery in pregnancy complicated by cardiac diseases. 
3. To know the complications of maternal cardiac diseases; such as pulmonary edema, arrhythmias, stroke, or cardiac death.
4. To study the perinatal outcome of pregnancies complicated by cardiac disease e.g. preterm labour, low birth weight, intrauterine foetal death ….etc.
5. To assess the place of Preconceptional services and pregnancy planning in our practise.



METHODOLOGY
2.1. Study Design 
Type: It is a prospective descriptive analytic study.
Duration: (May 2011 - November 2012). 
Area:  Khartoum Teaching Hospital.
2.2. Study area
Khartoum is one of the 25 states of Sudan, it has an area of 28.17 km2 and estimated population of approximately 4.7000,00 (2000). Khartoum the national capital of Sudan contains three towns: Omdurman, Khartoum north, and Khartoum.
Geographic correlation is 15’.35’.17’’ and 32’.32’3’East. There are 35 governmental Hospitals in Khartoum state, 26 of them are state hospitals and the rest are Federal. There are three tertiary centres for follow up and management of cardiac cases, mainly Ahmed Gasim Hospital, El-Shaab Hospital, and Al-Salam Italian cardiac centre.
Khartoum teaching hospital considered as tertiary centre (Class A), located in the centre of Khartoum (capital of Sudan), known referral hospital from all Sudanese hospitals. It has well trained staff of obstetricians, gynaecologists, obstetric registrars, paediatrics registrars, house-officers, nurses, midwives and Intensive care staff. The rate of delivery is about 16,000/year.
2.3. Study population
 The pregnant women with underlying cardiac disease of gestational age equals or more than 24 weeks (to exclude the miscarries/Abortions) until the first week of peurprium, who were attend or had been referred to Khartoum teaching hospital for further evaluation and management.
2.4. Statistic consideration 
Data analysis took place by simple statistic method, and SPSS.  
2.5 Data collection
The data collected by using well design questionnaire developed for this purpose. 
2.6 Patient work up
 All patients managed and followed up by multidisciplinary team and the following work up done to every patient through: full medical history, detailed clinical examination, relevant investigations: to confirm diagnosis, to detect early complications, and to follow both fetal and maternal condition. Management: include medical and obstetrical, with planning the mode of delivery according to obstetrical issues.
The patients were classified into Asymptomatic (NYHA I/ II), and Symptomatic group (NYHA III / IV).This based on individual assessment of every patient by the multidisciplinary team of the study.
2.7 Ethical clearance
This study was proved by the Sudan Medical Specialization Board (S.M.S.B) Obstetrics and Gynaecology board, as well the Hospital administration was agreed based on the  after the permission letter from SMSB.
Informed consent from the participants taken with full grantee for the confidentiality throughout and after the study.






RESULTS
During the study period, a total of 75 pregnant women with underlying heart disease, attending Khartoum teaching Hospital either for routine antenatal care, admission, or referred from other hospitals or centres for further assessment, management, or termination of pregnancy.10 cases were ended with therapeutic  and spontaneous miscarriage and 65 cases reach viability
Demographical parameters of the study group, maternal and foetal outcomes, morbidity and mortality reported and analyzed in tables and figures as follows: 
Table 1: shows distribution of the patients according to the Preconception counselling, most of cases 58 (90%) in the study were not received any counselling before their current pregnancy. While only seven (10%) had received pre conception counselling.
Table 2: shows distribution of the patients according to their plan for Pregnancy, most of cases 59 (90%) in the study had unplanned pregnancy, which [28(43.08%) in NYHA class I/II versus 31 (47.69%) in NYHA class III/IV]. While only nine percent had planning this pregnancy, which [2 in NYHA class I/II versus 4 in NYHA class III/IV]. 
Table 3: shows distribution of the patients according to history of associated medical diseases. The most common medical problem in this study is arthritis in 11 (16%), which is [four in NYHA classes I/II versus 7 in NYHA class III/IV]. While chronic hypertension in three (4%), which [1 in NYHA class I/II versus 2 in NYHA class III/IV], asthma in 3(4%), which [1 in NYHA class I/II versus 2 in NYHA class III/IV], and Asthma in 2 (3%) in NYHA III/IV only. *There is one patient asthmatic and hypertensive.
Table 4: shows distribution of the patients according to duration of Cardiac diseases by years. Most of cases 37 (56%) were had cardiac disease for 1-10 years duration, which [12 in NYHA class I/II versus 20 in NYHA class III/IV]. While 22 (33%) had duration less than one year, which [nine in NYHA class I/II versus 13 in NYHA class III/IV]. Those with 11-20 years duration were five (7%) in NYHA class I/II only, four (6%) had duration 21-30 years, which [3 in NYHA class I/II versus 1 in NYHA class III/IV], and two (3%) had duration more than 30 year, which [1 in both NYHA class I/II and NYHA class III/IV]. 
Table 5: shows distribution of the patients according to the type of heart disease. 45(69.23%) has Rheumatic heart disease, which were [21 in NYHA class I/II versus 24 in NYHA class III/IV], and 14 (21%) cases has congenital heart disease, which were [8 in NYHA class I/II versus 3 in NYHA class III/IV]. While other acquired heart disease e.g. PCM, Ischemic HD, and Primary Pulmonary Hypertension were six (9%), which were [one in NYHA class I/II versus five in NYHA class III/IV].  
Table 6:  shows distribution of the patients with congenital heart disease according to their type. Seven (50%) cases has ventricular septal defect (VSD), which were [5 in NYHA class I/II versus 2 in NYHA class III/IV], and 2 (14%) for Patent Ductus Arteriosus (PDA) and Subaortic membrane. While one (7%) for pulmonary stenosis and it for Fallot’s tetrology. 
Table 7: shows distribution of the patients of rheumatic heart disease according to the valvular lesions. About 20 (44%) cases has double mitral either isolated or with other valves involvement, 12 (26%) has mitral regurgitation, and 10 (22%) has mitral stenosis. Other valve involvement concludes just three (8%). 
Table 8: shows distribution of the patients according to the Type of surgical correction prior to pregnancy. About 10 (58%) had mitral valve replacement, which were [five in both NYHA class I/II and NYHA class III/IV]. While four (23%), which were undergone close valvotomy [two in both NYHA class I/II and NYHA class III/IV]. For total corrective surgery, CMV, and cardiac catheterization; each represents 1 (5%) of those who underwent cardiac surgery.
Table 9: shows distribution of the patients according to their cardiac Medications:  diuretics used in all symptomatic patients 35 (53%), 20 (30%) were not received any medications, which were[19 in NYHA class I/II versus one in the symptomatic group with late presentation ended by maternal death], 18 (27%) were received Aspirin, which [2 in NYHA class I/II versus 16 in NYHA class III/IV], 13 (26%) were received digoxin [5 in NYHA class I/II versus 8 in NYHA class III/IV], 22 (24%) received anticoagulants, which [ 10  in NYHA class I/II versus 12 in NYHA class III/IV], 14 (22%) (n=14) were received Beta-blockers, all of them in NYHA class III/IV. While just four (6%) received Slidenfil and three percent used ACE-I for a while, and both of them in NYHA class III/IV.
Table 10: shows distribution of the patients according to their gestational age at time of delivery. 19 (28%) cases in the gestational age of 38-40 weeks, which is [nine in NYHA class I/ II, versus 10 in NYHA class III/ IV].  18 (26%) in the gestational age of 40 weeks or more, which were [11 in NYHA class I/II versus 7 in NYHA class III/IV]. And 16 (20%) below 34 weeks of gestation, which were [9 in NYHA class I/II versus 7 in NYHA class III/IV].  At least 13 (19%) between 34-37weeks of gestation, which were [8 in NYHA class I/II versus 5 in NYHA class III/IV]. 
Table 11:  shows distribution of the patients according to mode of the delivery. 31 (47%) were delivered by normal vaginal delivery [16 in NYHA class I/II versus 15 in NYHA class III/IV], 17 (26%) by Caesarean section [ 7 in NYHA class I/II versus 10 in NYHA class III/IV],  and 14 (21%) by assisted vaginal delivery (Ventous/ Forceps)[7 in NYHA class I/II and  NYHA class III/IV]. (P value: 0.875)
Table 12: Shows distribution of the caesarean sections according to their indication, nine (52%) were due to obstetric indications, which were [4 in NYHA class I/II versus 5 in NYHA class III/IV]. In addition, 8 (47%) due to cardiac indications, which were [3 in NYHA class I/II versus 5 in NYHA class III/IV].  
Table 13:  Shows distribution of the patients according to the maternal complication: 14 (21%) arrhythmias, which were [five in NYHA classes I/II versus nine in NYHA class III/IV].  6(9%) congestive cardiac failure, 15 (23%) pulmonary hypertension which were [2 in NYHA class I/II versus 13 in NYHA class III/IV], 18 (28%) admission to ICU/HDU, 5(7%) of the study group developed obstetrics complications (five cases), and two deaths (3 %) in the symptomatic classes.
Table 14: shows distribution of the patients according to the ICU/HDU admission, 28 (27%) cases were admitted to the either ICU/HDU, which were [ 6 in NYHA class I/II versus 12 in NYHA class III/IV]. 
Table 15: Distribution of the patients according to the foetal outcome: About 54 (81%) had living babies, which were [28 in NYHA class I/ II versus 26 in NYHA class III/ IV ], 24 (36.36 %) were low birth weight  (LBW) were [9  in NYHA class I/ II versus 15 in NYHA class III /IV]. 27 (40.29 %) were preterm babies [ 6 in NYHA class I/ II versus 10  in  NYHA class III/ IV]. There were five cases of foetal loss four of them were found in NYHA class III/ IV, and one belong to NYHA classes I/ II . 
Table 16: shows distribution of the patients according to their babies birth weight (N=65), 28 (42%) of babies had weight in between 2.5-3.0 kg, which were [14 in NYHA class I/II and same for NYHA class III/IV].  24 (36%) for those with weight below 2.5 kg, which were [9 in NYHA class I/II versus 22.73% (n=14) in NYHA class III/IV]. And 10(15%) for those with weight between 3.1-3.9 kg, which were [6 in NYHA class I/II versus 4 in NYHA class III/IV]. Only one (1%) for birth weight more than 4 kg for NYHA class III/IV.
Figure (1) shows distribution of the cases according to their age, 17 (26%) in age 26-30 years, 13 (23%) in the age 20-25 years, 13(20%) in the age 31-35 years and 36-40. While just 4 (6%) in the age less than 20 years and 3 (4%) for more than 40 years. 
Figure (2) shows distribution of the patients according to their residence, 28 (48%) in the rural areas, 25 (38%) in the suburban areas, and 12 (8%) in urban area.
Figure (3) shows distribution of the patients according to their level of education, 29 (44%) had secondary or less than secondary school education, 22 (33%) were illiterate, and 14 (21%) were received university education or above. 
Figure (4) shows distribution of the patients according to NYHA classification, 30 (46.2%) in NYHA class I/II versus 35 (53.8%) in NYHA class III/IV.  
Figure (5) shows distribution of the patients according to their Current pregnancy antenatal care visits: Most of cases 52 (80%) in the study had more than four visits, 8 (12%) had 1-3visits. Those with no visits were five (10%).
Figure (6)   Shows distribution of the patients according to the parity, 43 (68%) which were multiparous, 18 (27%) primigravidas, and 4 (6%) were grand multiparous. 
Figure (7) shows distribution of the patients according to the type of heart disease. 45(69.23%) has Rheumatic heart disease, , and 14 (21%) cases has congenital heart disease. While other acquired heart disease e.g. PCM, Ischemic HD, and Primary Pulmonary Hypertension were six (9%).
Figure (8) shows distribution of the cases according to their neonatal birth weight. Out of 66 baby’s, 28 babies had weight in between 2.5-3.0 kg, 24 of them below 2.5 kg. Moreover, ten between 3.1-3.9 kg, and just 1 baby birth weight more than 4 kg.
Figure (9) shows distribution of the cases according to morbidity and mortality, 5(7%) developed obstetrics complications, 14(21%) arrhythmias, 6 (9%) congestive cardiac failure, 15(23%) pulmonary hypertension, 18 (28%) admission to ICU/HDU, and two deaths (3%) cases).
Figure (10) shows distribution of the foetal morbidity and mortality according to NYHA classification. 14 (20%) of neonates were of low birth weight, 16(23%) preterm, 14(21%) were admitted to SCBU, and five (7%) foetal loss were reported. 
Figure (11) shows distribution of SBCU admission  according to  maternal NYHA classification: 8 (57%) admitted due to SGA [ 1 in NYHA class I/II versus 7 in NYHA class III/IV],  three (4%) admitted due to RDS [ two  in NYHA class I/II versus one in NYHA class III/IV], and  same figures for those who were admitted for observation.
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[bookmark: OLE_LINK1]Table 1:    Distribution of patients’ according to the Preconceptional counselling

	Preconceptional counselling
	Asymptomatic
(class I/ II)
	Symptomatic (class III/ IV)
	Number
	Percent
%

	Received
	2
	5
	7
	10.8

	Not received
	28
	30
	58
	89.2

	Total
	30
	35
	65
	100.0



(P value: 0.052)
[bookmark: _Toc362378804][bookmark: _Toc362380644]













Table 2: Distribution of the patients according to their plan for Pregnancy
	
	Asymptomatic
(class I/ II)
	Symptomatic (class III/ IV)
	Number
	Percent

	Planned
	2
	4
	6
	9.23

	Unplanned
	28
	31
	59
	90.87

	Total
	30
	35
	65
	100.0



(P value: 0.003)
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Table 3: Distribution of the patients according to history of associated medical diseases
	
	Asymptomatic
(class I/ II)
	Symptomatic
(class III / IV)
	Number
	Percent

	None
	25
	24
	49
	76.92

	Hypertension
	1
	3
	4
	6.2

	Asthma
	0
	2
	2
	3.08

	Arthritis
	4
	7
	11
	16.92

	Total
	30
	36*
	65
	100


 *There is one patient asthmatic and hypertensive.
[bookmark: _Toc362378806][bookmark: _Toc362380646]











Table 4: Distribution of the patients according to duration of Cardiac diseases by years 
	Duration of illness
	Asymptomatic
(class I/ II)
	Symptomatic
(class III / IV)
	Number
	Percent

	< 1 year
	9
	13
	22
	33.8

	1  – 10 years
	12
	20
	37
	56.92

	11 – 20 years
	5
	0
	5
	7.7

	21 – 30 years
	3
	1
	4
	6.15

	>30 years
	1
	1
	2
	3.08

	Total
	30
	35
	65
	100.0


(P-value: 0.830), (Mean duration: 9.40+8.29 years)
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Table 5: : Distribution of the patients according to the type of heart disease (N=65)
	Type of heart disease
	Asymptomatic
(class I/ II)
	Symptomatic
(class III/ IV)
	Number
	Percent %

	Other acquired(PCM,IHD, PHT)
	1
	5
	6
	9.23

	Congenital Heart disease
	8
	6
	14
	21.54

	Rheumatic Heart disease
	21
	24
	45
	69.23

	Total
	30
	35
	65
	100.0


(P-value: 0.521).
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Table 6: :  Distribution of the patients with Congenital heart disease according to their type (N=14)
	Congenital Heart disease type
	Asymptomatic
(Class I/II)
	Symptomatic
(Class III/IV)
	Number
	Percent %

	VSD
	5
	2
	7
	50.0%

	PDA
	0
	2
	2
	14.29%

	Fallot’s tetrology
	1
	0
	1
	7.14%

	Coarctation of aorta
	1
	0
	1
	7.14%

	Subaortic membrane
	1
	1
	2
	14.29%

	Pulmonary stenosis
	0
	1
	1
	7.14%

	Total
	8
	6
	14
	100%
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Table 7: Distribution of the patients of rheumatic heart disease according to the valvular lesions 
	Type of lesion
	Number
	Total
Number
	Total percent

	1.MS(isolated)
	6
	10
	22.2

	2.MS (with other valves involvement)
	4
	
	

	1. MR (isolated)
	4
	12
	26.7

	2.MR (with other valves involvement)
	8
	
	

	2.MS+MR (isolated)
	7
	20
	44.4

	4.MS+MR(withother valves involvement)
	13
	
	

	Aortic stenosis
	2
	3
	8.9

	Tricuspid regurgitation
	1
	
	

	Total
	45
	45
	100.0


(P- value: 0.019) for mitral stenosis.
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Table 8: Distribution of the patients according to the Type of surgical correction prior to pregnancy 
	Type of cardiac surgery 
	Asymptomatic
(NYHA I/II)
	Symptomatic
(NYHA III/IV)
	Frequency
	Percent

	 Total corrective surgery
	1
	0
	1
	5.89

	Mitral valve replacement (MVR)
	5
	4
	9
	54.93

	Percutanous  mitral Commissurotomy (PTMC)
	0
	1
	1
	5.89

	Close mitral valvotomy (CMV)
	2
	2
	4
	23.53

	Cardiac catheterization 
	1
	0
	1
	5.89

	Total
	9
	6
	17
	100
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Table 9: Distribution of the patients according to their cardiac Medications
	Type of medication
	Asymptomatic
(class I/ II)
	Symptomatic (class III/ IV)
	Number
	Percent %

	No medication
	19
	1
	20
	30.77

	Aspirin
	2
	16
	18
	27.69

	Diuretics
	0
	35
	35
	53.85

	Digoxin
	5
	8
	13
	26.2

	Anticoagulants
(Heparin / warfarin)
	10
	12
	22
	33.85

	B-blockers
	0
	15
	15
	23.1

	ACE-inhibitors
	0
	2
	2
	3.1

	Slidenfil
	0
	4
	4
	6.2
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Table 10: : Distribution of the patients according to their gestational age at time of delivery
	Gestational age at time of delivery
	Asymptomatic
(class I/ II)
	Symptomatic (class III/ IV)
	Total Number
	Percent %

	Below 34
	4
	10
	14
	20.89%

	34- 37 weeks
	8
	5
	13
	9.40%

	38 -40 weeks
	9
	10
	19
	28.36%

	More than 40 weeks
	11
	7
	18
	26.87%

	Missed cases
	0
	3
	3
	4.48%

	Total
	32
	35
	67
	100%


 (P value: 0.254), (Mean gestational age: 36.69+ 3.64), incidence of preterm deliveries 40.39%.
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Table 11: Distribution of the patients according to the maternal complication 
	Complication
	Asymptomatic
(class I/ II)
	Symptomatic
	Total number
	Percent %

	Obstetric 
	Postpartum haemorrhage
	2
	0
	2
	3.08%

	 
	Preeclampsia
	0
	3
	3
	4.62%

	Cardiac 
	Arrhythmias
	5
	9
	14
	21.45%

	
	Congestive heart failure
	0
	6
	6
	9.23%

	
	Pulmonary hypertension
	2
	13
	15
	23.08%

	
	Myocardial infarction
	0
	1
	1
	1.54%

	
	Cardiac arrest
	1
	0
	1
	1.54%

	Death
	Death
	0
	2
	2
	3.08%


(P-value: 0.080).
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Table 12: Distribution of the patients according to the mode of delivery 

	Mode of delivery
	Asymptomatic (class I/ II)
	Symptomatic (class III/ IV)
	Number
	Percent%

	NVD
	16
	15
	31
	47.69%

	Assisted vaginal delivery
	7
	7
	14
	21.54%

	C/S
	7
	10
	17
	26.15%

	Missed cases
	0
	3
	3
	4.62%

	Total
	30
	35
	65
	100


 (P value: 0.875)
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Table 13: Distribution of the caesarean sections according to their indication:  
	Indication
	Asymptomatic (class I/ II)
	Symptomatic (class III/ IV)
	Total
	Percent%

	Obstetric
	4
	5
	9
	52.94%

	Cardiac
	3
	5
	8
	47.06%

	Total
	7
	10
	17
	100%
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Table 14: : Distribution of the patients according to the ICU/HDU admission 
	Admission
	Asymptomatic (class I/ II)
	Symptomatic (class III/ IV)
	Total
	Percent%

	Yes
	6
	12
	18
	27.7%

	No
	24
	23
	47
	72.3%

	Total
	30
	35
	65
	100


(P value: 0.199)
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Table 15: Distribution of the patients according to their Foetal outcome
	Foetal outcome
	Symptomatic (class I/ II)
	Asymptomatic
(class III/ IV)
	Frequency
	Percent

	LIVE BIRTH
	26
	28
	54
	81.18

	FETAL LOSS
	I
	4
	5
	7.58

	Preterm
	12
	15
	27
	40.29

	LBW
	9
	15
	24
	36.36


(P-value: 0.550).*N.B: There were two preterm twins’ deliveries. Preterm and LBW
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Table 16: : Distribution of the patients according to their babies weight 
	Weight (Kg)
	Asymptomatic (class I/ II)
	Symptomatic (class III/ IV)
	Number
	Percent %

	<2.5 kg
	9
	15
	24
	36.36

	2.5-3.0 kg
	14
	14
	28
	42.42

	3.1-3.9 kg
	6
	4
	10
	15.15

	> 4kg
	1
	0
	1
	1.51

	Missed cases
	0
	3
	3
	4.52

	Total
	30
	33
	66
	100.0


(Mean birth weight: 2.61+0.698), (P value: 0.464)







Figure (1): Shows the cases’ distribution according to their age


(Mean age: 29.89 + 6.42), (P value: 0.639).







Figure (2): Shows the cases’ distribution according to their residence
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Figure (3): Shows the cases’ distribution according to their level of education










Figure (4): Shows the cases’ distribution according to their NYHA classification










Figure (5): Shows the cases’ distribution according to their current pregnancy antenatal care visits











Figure (6): Shows the cases’ distribution according to their parity



(Mean parity: 3.75+0.50)







Figure (7): Shows the cases’ distribution according to the type of heart disease









Figure (8): Shows the cases’ distribution according to their baby’s birth weight.
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Figure (9): Shows the cases’ distribution according to maternal morbidity and mortality.
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Figure (10): shows distribution of the foetal morbidity and mortality according to NYHA classification.








Figure (11): Shows cases’ distribution according to their newborns indication of Admission to the SBCU



(P value: 0.376)


DISCUSSION
This study focused on the maternal and foetal outcome in pregnant women with cardiac disease managed at tertiary referral centre (Khartoum teaching hospital), who have been referred from other hospitals at different gestational ages.  Demographic, obstetrical, and medical history obtained from those women. Moreover, Cardiac status assessed by cardiologist and classified based on NYHA classification, as well as foetal wellbeing. Planned management made and followed by multidisciplinary team, maternal, foetal and obstetrics complications. The total number, which has estimated in the beginning of this study, was 75 cases: 11, 26, and 38 cases were in the 1st, 2nd and 3rd trimester respectively. There are many cases under study, who were not completed their pregnancy.  
65 women were reached the viability. While ten cases ended with either spontaneous miscarriage or therapeutic termination before 20 weeks of gestation. There were two missed cases (no information about mode of delivery and  postpartum maternal events), and two maternal deaths (one of them before delivery, and the second immediately after delivery).
The mean maternal age (29.89+6.42), range 18–43 years, this is similar to Iran, and higher than India and Australia [8, 9, and 11].This may be due to that most of those women (66.1%) were received acceptable level of education, which could delay the age of marriage in Sudan. There were no significant relationship between the age and type of heart disease p Value (0.831) in this study.
Cardiac disease with pregnancy is relatively common in Sudan. Out of the 65 cases involved in this study, 49 were known to have cardiac disease prior to pregnancy, and about 16(24.62%) had cardiac surgery. This represents development in the diagnostic tools and care during childhood, which improves the survival rates, and overall health in Sudan. 
In this study, cardiac disease due to rheumatic aetiology predominates over congenital, this result is similar to reports from Malaysia (61.6%) [8] and but much higher than Latin American countries [10] and lower than Iran[9] and All India institute study[8]. 
Mitral valve affected (either isolated or in combination) about (66.6%) again this is similar to Indian reports [8]. MS found in the symptomatic group significantly (P value: 0.019), which support how much pregnancy can increase, reoccur, or worsen MS even after valvotomy or valvoplasty [8].
For congenital heart disease, it is similar to Indian [8], and slightly lower than Brazil [10], and Malaysia [7]. As the Indian study septal defects are the predominant lesion; ASD is (50%), while VSD was (50%) in this study, there is no explanation for this.
 Other acquired heart disease such as Peripartum cardiomyopathy and primary pulmonary hypertension were 6 (9.23%), which is less than Brazil [10], and much higher than India and Iran [8, 9]. Peripartum cardiomyopathy was related to African descent, age, pregnancy-associated hypertension, multiple pregnancy and pre – eclampsia. All these factors were found in 4 cases of Peripartum CM, with parity between 2 - 6, and 3 of them their age is above 40 years, and one of them was developed pre eclampsia [20].
[bookmark: hit51][bookmark: hit52]The mean time from diagnosis of heart disease to onset of pregnancy in this study group is (9.40±8.29), while in India was (6.62±5.78) years[8], which a little bit closer and no explanation for that; but it can reflect how much those women have self awareness.
[bookmark: hit12]Sixteen cases (24.62%) the diagnosis of heart disease was made for the first time during pregnancy. This is higher than India (13.52%) [8]. But the presentation was the same as India with congestive cardiac failure for the first time [8].That most probably because they were asymptomatic prior to pregnancy and the physiological changes of their current situation were unmasked their cardiac pathology, thus it explain why most of them were diagnosed in the second and third trimesters. 
[bookmark: hit13] Cardiac intervention performed prior to pregnancy in 15 (23.08%) patients with rheumatic heart disease: PTMC/CMV/ MVR in 15. The commonest type of cardiac surgery was MVR, 9(60%). However, the surgery alone does not guarantee a complication-free course in subsequent pregnancies. Seven patients (41.17%)   who underwent cardiac surgery (mainly in mitral valve) prior to the onset of the current were NYHA class III–IV at the time of booking-in. So one-woman post CMV prior to pregnancy, developed re-stenosis of the mitral valve during antenatal period and she was planned for MVR after peurprium [8]. It has previously been noted that the longer the duration of surgery to pregnancy interval, the higher the NYHA grading. In the patient with severe valvular heart disease, the increased blood volume and cardiac output in pregnancy may cause cardiovascular decompensation [25].  
 Regarding their medications, all symptomatic patients (III/1V) used diuretics throughout pregnancy to reduce the risk of pulmonary oedema and heart failure as result of physiological changes during pregnancy.
Women who required anticoagulant therapy were 22 (33.58%) . 2 cases (3.08%) of those who received Peripartum warfarin were developed post partum haemorrhage, but they were already had an obstetric risks, that one had retained placenta and the other had preterm twins delivery at 31weeks gestational age. The remaining patients were not showing any complications of anticoagulation. No congenital malformations seen in women who were received warfarin as anticoagulant therapy; while that was reported by other international studies [27, 28, and 8].
Two patients discovered using ACE inhibitor during pregnancy, which reflects poor antenatal performance. Digoxin and Beta-blocker used to control the heart rate and to treat arrhythmia, Slidenfil used in cases of pulmonary hypertension.
Cardiac complications such as congestive heart failure, arrhythmia, pulmonary hypertension and ICU/HDU admissions were noticed more among symptomatic group(NYHA 111/1V)  which is normally expected and where treated aggressively. 
 It was surprisingly that there was one patient of cardiac arrest, which belongs to the asymptomatic group, and that during spinal anaesthesia for emergency caesarean section and fortunately, she recovered smoothly.
There were two cases of maternal mortality (3.08%), one of them due to infective endocarditis, and the other one due to intractable congestive cardiac failure, late presentation (at time of 2nd stage of labour), and poor antenatal care. This is higher than Australia and India, were there was no maternal death [8, and 11], and near to Iran (2.52%) [9].And same to international figure they were occurred in functional classes III and IV. Therefore, in the presence of maternal heart disease and the circulatory changes of pregnancy may result in decomposition, and in the death of the mother or foetus [7].
The average duration of gestation at time of delivery was (36.69+3.64) weeks, close to the Indian study (37.8+3.1), and higher than Iran [9], and the mean birth weight (2.61+0.698), similar to India, Iran, and Egypt. This could be due the same life style and health system setup in these countries.
There was no significant variation in the birth weight between those who are Asymptomatic (NYHA I/II) and symptomatic group (NYHA III/IV), p Value (0.464), this is not agree with Iran and India. [8, 9], although the maternal and foetal morbidity was insignificant in the Indian study.
According to the mode of delivery most of the cases were delivered vaginally 45(69.23%); and the caesarean section were 17(26.15%) cases, shows insignificant test (P value is 0.199). The rate of caesarean deliveries is much lower than that in the Australia report (60%) [11], and higher than India (20.22%) [8], the indications were obstetrical causes in about 9 cases (52.94%) versus 8 cases (47.06%) were due to cardiac status, while in the India the vaginal deliveries were higher (79.71%), because they follow the policy of reserving induction of labour and caesarean section mainly for obstetric indications [8]. The incidence of caesarean delivery in this study was, increased in those who are symptomatic (NYHA class III/IV) than those were asymptomatic (NYHA class I/II) (15.38% vs. 10.77%), while it is (46.34% vs. 13.86%) in India [8].
Regarding the perinatal outcome, 14 cases (21.54%) admitted to the neonatal SCBU, due to of LBW 11 (12.3%) cases, 3 cases of RDS (4.6%). This figure slightly high when compared to the international figures, but lower than the Australian figure; in which 70% of the neonates were admitted [31, 32, and 44]. 
The incidence of premature deliveries was 27 (40.24%) cases, they were either spontaneous or iatrogenic, and the incidence of low birth weight (less than 2.5 Kg) was 24 (36.36%) cases, which is lower than the Indian figures, 48%, and 43% respectively. The postulated reasons for the increased incidence of low birth weight or prematurity include hemodynamic compromise secondary to valvular stenosis, maternal arrhythmias, or cardioactive drugs including diuretics, digitalis and beta-blockers, which were associated with impairment of uterine blood flow [24, 25, 26, 31, 32 and 33].
The live birth rate is (81%), and the foetal loss is (7.5%) 5cases  in this study, most of them were found in the symptomatic group (Functional class III/IV). This is higher than Australian figure, and close to Indian figures (6%)[8 and 44].
The risk of neonatal congenital heart diseases is 3 - 5% [29], but the diagnosis is very difficult, because of diagnostic service limitations and sometimes the symptoms take longer time before onset (one year) and until the end of the study no reported case.
Overall, 90.76% of pregnancies were considered unplanned. Preconception counselling offered to just seven cases (10.77%), although many of the remaining cases were on regular follow up since diagnosis in specialized known centres prior to pregnancy (61.5%), which significantly reflect that our health system is still not adopt the Preconceptional services and the multidisciplinary approach in patient management, in addition to lack of awareness from patient side, because most of them were lost after delivery.

CONCLUSION
Maternal and foetal complications increase during pregnancy with cardiac disease.  
Rheumatic heart disease remains predominant in the Sudan.  Preconception counselling and the availability of well-designed multidisciplinary care is still a challenge in our humbled setup.
Lack of statistical records about pregnancy with heart disease make this study as base for further studies.
Most of the comparative tests between the two symptomatic and the asymptomatic groups of the functional classes were insignificant, this most probably due to the small number of the study group, and the close variation between the two groups. Therefore, I recommend further study with large number.






RECOMMENDATIONS
Establishment of well designed multidisciplinary care units involving a cardiologist, a cardiac anaesthetist, neonatologist and obstetricians who have an interest and experience in this subject can minimize the risks and improve both the maternal and foetal outcome in these patients.
Encouragement of the trainees, consultants, and medical staff to provide preconception counselling for all women with underlying medical condition in childbearing age will improve the maternal and neonatal outcome, increase patients’ awareness about their health status, and improve the counselling attitude among trainees.
Creation and strengthening of already established screening programs which help in early detection, management, and correction of cardiac defects and lesions in early childhood like early neonatal oxygen saturation measuring, and annual school health assessment.
Assessment the reasons lie behind the high rates of unplanned pregnancies in women with underlying cardiac disease, and lack of Preconceptional counselling.
Conduct further local studies to assess the impact and prevalence of medical diseases on pregnancy.
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Questionnaire
السوداني للتخصصات الطبية المجلس القومي
مجلس النساء والتوليد


إقــرار موافقة
إقرار بالموافقة على المشاركة فى البحث: أنا..............................................................
بعد أن تم شرح لي  طبيعة الدراسة وأعطيت فرصة كافية للإستفسار عنها وقد تم الإجابة على كل أسئلتى بصورة كافية، وفهمت أن لى الحق فى التوقف عن هذه الدراسة فى أى وقت من غير أن أفقد الحق فى الرعاية الطبية أو أي حقوق أخرى. أوافق طوعية على المشاركة فى هذه الدراسة.  


اسم المريض: ...........................................................  
التوقيع:................................................ ................
/ شاهد: ................................................................1
التوقيع:  ........................................ ........................
/ شاهد: ....................................................................2
 التوقيع:  ............................ ....................................
 
……………………………………… التاريخ:


Rural	Urban	Suburban	28	12	25	Rural	Urban	Suburban	43.1	18.5	38.5	




Illiterate	Less than or secondary	University or above	22	29	14	Illiterate	Less than or secondary	University or above	33.800000000000004	44.6	21.5	
Class one and two (Asymptomatic)	Class three and four (Symptomatic)	30	35	
No visits	1-3 visits	More than 4 visits	8	5	52	

No.	
Primigravidas	Multigravidas	Grand multiparous	18	43	4	
Number	
 Acquired 	Congenital 	Rheumatic 	6	14	45	
Asymptomatic	
<	2.5	2.6 -3.0	3.1 -3.9	>	4	9	14	6	1	Symptomatic	15

<	2.5	2.6 -3.0	3.1 -3.9	>	4	14	14	4	0	

Maternal morbidity & mortality
Asymptomatic	Obstetric complications	Arrhythmias	Congestive cardiac Failure	Pulmonary hypertension	ICU/HDU admission	Death	2	5	0	2	6	0	Symptomatic	Obstetric complications	Arrhythmias	Congestive cardiac Failure	Pulmonary hypertension	ICU/HDU admission	Death	3	9	6	13	12	2	No. of cases.

Fetal morbidity & mortality
Asymptomatic	IUGR	Preterm	SCBU admission	Fetal loss	8.9600000000000068E-2	8.9600000000000068E-2	7.6999999999999999E-2	1.4999999999999998E-2	Symptomatic	IUGR	Preterm	SCBU admission	Fetal loss	0.11940000000000002	0.14920000000000044	0.13800000000000001	5.970000000000094E-2	
Asymptomatic (class I/ II)	SGA	RDS	Observation	1	2	2	Symptomatic (class III/ IV)	SGA	RDS	Observation	7	1	1	No. of cases admitted to SCBU

Number	
<	 20 years	20-25	26-30	31-35	36-40	>	 40years	4	15	17	13	13	3	
1
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