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Introduction
Cardiovascular disease is present in 1-4% of pregnancies Cardiovascular disease is estimated to complicate or be present in approximately 1-4% of pregnanciesand the proportion is increasing. This is primarily because women are opting to delay pregnancy until later life, but it is also because surgery for congenital heart disease (CHD) is improving and more women with repaired CHD are surviving to reach adulthood and are opting to become pregnant. . The reasons for this are multifactorial but are largely reflected by the fact thatIt is true that older women have  women are delaying the age which they embark upon pregnancy and a greater proportion of women will have more underlying risk factors for cardiovascular disease such as obesity, diabetes mellitus, and hypertension, but the rates of these risk factors in the general population is also increasing, obesity affects 30%, type 2 diabetes between 2-10% and hypertension 2-9% of women of child-bearing age. Furthermore because of improvements in perioperative care more women with congenital heart disease (CHD) reach childbearing age.  For the majority of these women pregnancy is relatively uncomplicated, but the increasing rates of cardiovascular death in women with pre-existing medical conditions suggest that this group of women should be carefully evaluated before conceptionalthough both obstetric, neonatal and cardiac complications are more often encountered. It is for these reasons that women need evaluation and assessment prior to pregnancy with appropriate counselling and referral to specialist services if warranted.

Preconception counselingcounselling and assessment
In the recent Confidential Enquiry into maternal deaths in the United Kingdom from 2009-2014 (Ref) prenconception counselingcounselling (PCC) was one of the key issues that was highlighted for healthcare professionals. PCC should be readily available to women at various time points throughout their   interaction with medical services, whether this is within the paediatric cardiac transition services, or during routine review. Care should also include provision of appropriate contraceptive advice. Should a women (or man) with heart disease express a desire to begin a family then this may prompt referral to specialist services for counseling; these services, particularly for those with more complex conditions may include a consultation with both an obstetrician, cardiologist as well an a obstetric physician. It is the responsibility of these individuals to provide the couple with informed choices regarding pregnancy and of all the known potential risks (Ref Montgomery). It may also be necessary to arrange further clinical assessments in an attempt to evaluate the underlying. Table One illustrates some of he key considerations that need to be made at PCC .	Comment by Mark R Johnson: Fine as far as it goes for women with known heart disease, but how should we evaluate women who are obese type 2 diabetes, raised BP?
This the challenge, given the vast numbers, what are we looking for what are we trying to prevent and how?

So how do we screen this recognised to be at risk population?
IHD: Fasting lipids those with raised levels calcium scan and exercise test looking for IHD.
SADS: FH of sudden death, ECG screen (long QT, HCM, PCCD, structural heart disease) history of blackouts or fainting.
Valvular: ECG, BP
CMP: history of unusual SOBOE
Aortic dissection: very difficult any ideas?
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Contraception
Once a women with heart disease has reached child bearing age she should have been provided with information regarding suitable contraception. Figure 3 outlines various options

Stratifying risk
[bookmark: _GoBack]As part of PCC women should be informed of underlying risk to herself should she pursue pregnancy. Several studies have attempted to prospectively validate risk index scores for women with congenital and acquired heart disease. These include the CARPREG (Cardiac Disease in Pregnancy) risk score (Ref); the ZAHARA (Pregnancy in women with congenital heart disease II risk score) (Ref) and the mWHO (Modified World Health Organisation Score) (Ref) (See Table 2). Whilst these scoring systems maybe helpful they fail to incorporate fetal and obstetric risks and it is the role of the cardiologist and obstetrician to include other clinical assessments in order to provide a comprehensive risk evaluation. This includes as a minimum a complete history, physical assessment, 12 lead electrocardiogram and a transthoracic echo. Other imaging modalities may need to be considered such as cCardiac magnetic resonance imaging or cardiac computerised tomography to review women with complex lesions or those who have an underlying aortopathy. Cardiopulmonary testing has been shown to provide information for women with complex CHD (Ref). Biochemical tests including serum pro beta natiuretic peptide may also be used pre-pregnancy and during and in those at risk of developing heart failure (Ref). 
Furthermore obstetric and neonatal risks should also be considered. The ZAHARA investigators demonstrated that adverse obstetric events (pre-term delivery, premature rupture of membranes and postpartum haemorrhage) occurred in nearly a third of pregnancies in women with CHD (Ref Balchi). Miscarriage is much more common in women with cyanotic heart disease and those with a Fontan circulation. Postpartum haemorrhage is more common in women with heart disease but in particular those with a Fontan circulation and those taking anticoagulants during pregnancy (Ref). Women with a coarctation are at greater risk of developing hypertension in pregnancy as well a pre-eclampsia (Ref Connonly). Babies born to mothers with heart disease are also more likely to be small for gestational age when compared with healthy controls (Ref). PCC assessment therefore needs to conducted by experienced clinicians to  communicate this.	

Impact of pregnancy on heart disease-immediate and longterm
The haemodynamic adaptation to pregnancy begins as early as the sixth week (Ref). There is a profound increase in blood volume, cardiac output and fall in systemic vascular resistance. Cardiac adaptation during pregnancy, as assessed by echocardiogram, in women with heart disease appears to be largely comparable to that of healthy women (Ref Kapman). In the clinical context women with heart disease are more likely to encounter episodes of arrhythmia in pregnancy, usually manifested as non-sustained tachycardia or ectopic beats in the late second or third trimester(Ref). Heart failure is also more common and typically occurs at the end of the second trimester or around delivery. 
In the last ten years there has been a greater focus on the longterm impact of pregnancy on women with heart disease. Data is largely conceived from small retrospective or observational studies. Nevertheless contemporary data informs us that we must caution some women with heart disease as a result of these studies. In women with a repaired Tetralogy of Fallot  there appears to be a degree of right ventricular remodelling as a result of pregnancy (Ref); similarly in women with a systemic right ventricle there is deterioration in right ventricular function that appears to result from pregnancy (Ref). In women who have had previous peripartum cardiomyopathy without full recovery there maybe further deterioration in systemic ventricular function caused by a future pregnancy, and therefore pregnancy in this group is not advised (Ref).
Delivery of antenatal care
In the same way that PCC is ideally delivered in a multidisciplinary setting so is antenatal care for women with heart disease. In developed countries this commonplace with specialist centres providing care for women. During PCC pregnancy women should have been informed whether their care needs delivered in a specialist unit or whether she can be managed by her local team with some specialist input. Certainly women who fulfil mWHO diagnosis 3&4 should be managed in specialist units with close follow up usually monthly initially and then usually biweekly and sometimes weekly in the third trimester. As women may have a large number of appointments and be reviewed by many healthcare professionals, an specialised integrated care record can be used (See Supplementary information). During clinical review the following should be recorded
1. Measure blood pressure and record heart rate 
2. Assess heart rhythm
3. Auscultate heart sounds and listen to lung bases
4. Check urine for protein
5. Assess fetal growth
All women should be offered nuchal translucency in early pregnancy as it has been shown to have an association with CHD. Fetal echocardiography should be performed between 18 and 20 weeks. If women are taking betablockers then further scans to assess fetal growth need to be considered as there is association with fetal growth restriction (Ref).

Delivery
In general teams women with heart disease should be encouraged to have vaginal delivery as caesarean section has not been shown to confer any benefit (Ref). Medical induction of labour is rarely indicated for cardiac reasons, such as in cases where women are taking anticoagulants (e.g low molecular weight heparin) that need stopping prior to delivery. Regional anaesthesia should be considered as it prevents fluctuations in heart rate and blood pressure that maybe modulated by the pain of contractions. The threshold for assisted delivery either by vacuum extraction or forceps should be low in order to avoid a prolonged second stage of labour (Ref). 
Maternal monitoring during labour should be individualised and often includes continuous electrocardiographic monitoring and pulse oximetry. Labour should be conducted in the left decubitus position to avoid aortocaval compression. Endocarditis prophylaxis should only be considered for specific high risk lesions (See Figure 2). 
Following delivery active management is recommended for all women with heart disease as this reduces blood loss by up to 40%(Ref). Oxytocin is commonly used for third stage management but can cause profound hypotension and tachycardia is given as a bolus (Ref). A slow infusion of oxytocin is usually recommended, such as 2IU over ten minutes and to avoid these effects (Ref).
Postnatal period
This remains as high-risk period for women with heart disease. Care should be individualised but women may require elective admission to the obstetric high dependency unit with a period of continuous monitoring and multidisciplinary management. 
Management of cardiac emergencies 
Women without a prior history of heart disease may present for the first time in pregnancy with a major cardiac event. In these circumstances early diagnosis and treatment are paramount, ideally with referral to a specialist centre. The health of the mother is paramount, but treatment maybe influenced by the gestation of the pregnancy. We consider management of the following scenarios 
1) Heart Failure
Management of heart failure is somewhat dependent on the gestation at which it occurs. In the acute situation of severe heart failure it should be treated medically and if the fetus is viable but showing signs of distress a multidisciplinary discussion should be made concerning delivery. In milder cases bed rest and medical management can be considered. If pharmacotherapy is well tolerated then delivery can be delayed until near term.

2) Arrhythmia
Palpitations and pre-syncope are common features of normal pregnancy. In those with arrhythmia prior to pregnancy the recurrence of supraventricular arrhythmia maybe as high as 50% (Ref). In those without a prior history it is much lower and usually witnessed in the third trimester. Ventricular arrhythmia is far less common and the management is as the non-pregnant state. In cases of haemodynamic instability defibrillation should be undertaken. Figure 1 illustrates  the management arrhythmia in pregnancy. Prior to starting pharmacotherapy, practitioners must be clear which agents can be safely used in pregnancy (See Table 3) 
3) Myocardial Infarction
Population based studies have estimated the risk of acute myocardial infarction (AMI) in pregnancy to be labour 1:17000 (Ref). It is more common in older mothers and those with cardiovascular risk factors and pre-eclampsia. Management of AMI is a per the non-pregnant state. Percutaneous coronary intervention does expose the fetus to radiation but the treatment outweighs the risk. The use of Aspirin and Nitrates is safe, but Glycoprotein IIb/IIIa inhibitors should be avoided because of a lack of safety data.  If coronary artery bypass grafting is required and the fetus is viable then this should be performed after delivery.
4) Aortic Dissection
The incidence of aortic dissection in healthy women during their reproductive years is very low, but pregnancy induced vessel wall changes that may make dissection more likely (Ref). Women with established aortic disease at greatest risk with reported rates in women with Marfan syndrome to be between 4.5-6%. Furthermore women with other vascular syndromes such as Loeyz-Dietz and Ehlers Danos as well as women with biscupid aortic valves need greater surveillance during pregnancy. When the diagnosis of dissection is suspected prompt imaging is mandatory, both Echocardiography and CT can be performed in the acute setting. Whilst CT does expose the fetus to radiation it can be performed more rapidly than other imaging modalities such as MRI. Type A dissection warrants surgical management and consideration should be made to deliver the fetus first or immediately following surgery if it is viable, although current data suggests a high fetal mortality rate during surgery (Ref). Type B dissections should be managed conservatively with tight blood pressure control using beta blockers and bed rest.
5) Mechanical valve thrombus
Pregnancy is a hypercoaguable milieu and reported rates of valve thrombosis range from 3.7-9.4% (Ref). This diagnosis should be considered if a patient presents with dyspnoea, fatigue and signs heart failure and if valve sounds are soft or absent. Transthoracic echo should be performed and if necessary transoesophageal echo as this provides a more accurate assessment of the size of the thrombus (Ref). In an unstable patient emergency surgery is indicated preceded by caesarean section if the fetus is viable as there is a high reported fetal loss rate during cardiac surgery (Ref). In a stable patient management should be in line with the non-pregnant state.
Conclusion
Although pregnancy may pose a risk for women with heart disease, outcomes are generally favourable with suitable medical support. PCC and multidisciplinary care are essential to ensure this can continue. 

Table One- Areas that need consideration with the patient
Risk Stratification- to include
a) Maternal  Cardiac Risk
b) Maternal Obstetric Risk
c) Fetal Risk
Consideration of genetic counselling and possible referral to preimplantaton genetic diagnosis
Longterm effect of pregnancy on cardiac function
Maternal/paternal life expectancy
Consideration of cardiac medications
Optimisation of cardiac status
Contraceptive advice
Lifestyle advice- reduce alcohol intake/smoking cessation/achieve healthy BMI/ Folic acid



Table 2-List 
CARPREG
ZAHARA
mWHO

Table 3
List of cardiac medication- their usage and safety in pregnancy and during breastfeeding

Figure One
Algorithm showing management of arrhythmia in pregnancy. 
Figure Two
Lesions where endocarditis prophylaxis is required
Figure Three
Contraceptives
Supplementary Information
-Intergrated Obstetric cardiac care record.
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