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ABSTRACT

Aims: 
To describe the outcomes of pregnancy in women with pulmonary hypertension. 
Methods and Results: In 2007 the European Registry on Pregnancy and Heart Disease was initiated by the European Society of Cardiology. Consecutive patients with all forms of cardiovascular disease, presenting with pregnancy, were enrolled with the aim of investigating the pregnancy outcomes. This sub-group of the cohort included 151 women with pulmonary hypertension (PH) either diagnosed by right heart catheterization or diagnosed as possible PH by echocardiographic signs, with 26% having pulmonary arterial hypertension (PAH), in 3 subgroups: idiopathic (iPAH), associated with congenital heart disease (CHD-PAH) or associated with other disease (oPAH); and 74% having PH due to left heart disease (LHD-PH, n=112). Maternal mean age was 29.2±5.6years and 37% were nulliparous. The degree of PH was mild (right ventricular systolic pressure (RVSP)<50mmHg) in 59.6% of patients, moderate (RVSP 50-70 mmHg) in 28.5% and severe (>70mmHg) in 11.9%. In more than 75% of patients, the diagnosis of PH had been made prior to pregnancy. Maternal death up to 1 week after delivery occurred in 5 patients (3.3%), with another 2 out of 78 patients who presented for follow-up (2.6%), dying within 6 months after delivery. Highest mortality was found in iPAH (3/7, 43%). During pregnancy, heart failure occurred in 27%. Caesarean section was performed in 63.4% (23.9% as emergency). Therapeutic abortion was performed in 4.0%. Complications included miscarriage (5.6%), fetal mortality (2%), premature delivery (21.7%), low birth weight (19.0%) and neonatal mortality (0.7%). Only 4% of the patients received a calcium channel blocker and 5.9% advanced PAH therapy during pregnancy.

Conclusion: Mortality in this group of patients with various forms of PH pulmonary vascular disease was lower than previously reported as specialized care during pregnancy and delivery were available.  However, maternal and fetal mortality remains prohibitively high in women with iPAH. Early advice on contraception, pregnancy risk and fetal outcome remains paramount. 
INTRODUCTION
Pulmonary hypertension (PH) is a pathophysiological condition often leading to debilitating symptoms and shortened overall life expectancy, due to narrowing of the pulmonary vasculature and often leading to right heart failure. PH, whether preexisting or diagnosed during pregnancy, is rare, but unequivocally poses an extreme risk of maternal death. Pregnancy in women with PH, including idiopathic pulmonary arterial hypertension (iPAH), PH associated with congenital heart disease (CHD-PAH) or PAH due to other conditions (oPAH), are known to be associated with a high maternal mortality - between 25-56%1
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. PH in pregnant women is a modified World Health Organization (WHO) Class IV indication and, therefore, pregnancy should be avoided1





3

. Pregnancy outcome is poor with high rates of preterm delivery (85-100%), fetal growth restriction (3-33%) and fetal/neonatal loss (7-13%) HYPERLINK \l "_ENREF_3" \o "Regitz-Zagrosek, 2011 #83" 
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. However, despite the advice to avoid pregnancy3
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 some women with PH choose to become pregnant or to continue with an unplanned pregnancy. 
Due to absence of larger (>20 cases) prospective outcome studies on PH in pregnancy, many questions remain. The aim of this report was to investigate maternal and fetal outcomes in women with pulmonary hypertension including all subtypes of PH, according to the most recent guidelines 
METHODS
Study design 
A detailed description of study design and data collection was previously reported
For this study, outcomes of pregnancy were analyzed for patients with PH. All patients with right ventricular systolic pressure (RVSP) >30 mmHg at rest, measured by echocardiography (echocardiographic signs of possible pulmonary hypertension) or right heart catheterization, were included. Patients with elevated RVSP due to outflow tract obstruction/pulmonary stenosis were excluded.
Heart failure was defined according to ESC guidelines
Data
Information was collected regarding age, parity, cardiovascular risk factors, type of heart disease, etiology of PH, previous interventions, New York Heart Association (NYHA) functional class, signs of heart failure, rhythm disturbance, medication, maternal or fetal mortality, cardiac events such as heart failure or arrhythmias, obstetric events such as preeclamptic toxaemia or postpartum haemorrhage, timing and mode of delivery, neonatal sex and birth weight and postpartum events. Follow-up data included vital status, cardiac events and neonatal status. Follow-up was available in all patients up to one week. If available, follow-up was reported up to six months. 
Pregnant women were categorized based on the PH etiology as classified in the most recent consensus document
We subdivided PH severity in four groups: RVSP 30-50 mmHg, 50-70 mmHg, 70-90 mmHg and >90 mmHg. 

Information on pulmonary hypertension was collected via the following ROPAC Registry website CRF variables: Under echocardiographic assessment the value of the peak velocity tricuspid regurgitation, as well as the right ventricular systolic pressure could be entered. Right ventricular systolic pressure could be entered via a tick box in the following categories of <30, 30-50, 50-70, 70-90 and more than 90 mmHg or unavailable. Amongst the parameters for the cardiac function the right ventricular function could be entered as normal, mildly impaired and moderate to severely impaired. 

The question if full right heart catheterization confirming pulmonary hypertension via standard criteria was performed prior to pregnancy, could be answered with either a yes (26%) or no. No other parameters such e.g. cardiac output, pulmonary vascular resistance was collected in this data base.

Statistical analysis
Baseline characteristics, as well as cardiac, obstetric and fetal outcome are compared presented for the total PH group.versus the cardiac control group. We compared baseline characteristics and outcome of PH in group 1 and group 2. Categorical data are presented as frequencies and percentages, and chi-square tests were used for comparison. If there are less than five cases in a group Fisher’s exact test was used. Normality of continuous data was checked with Kolmogorov-Smirnov tests and presented either as mean ± standard deviation, or as median and first and third quartiles (Q1-Q3) as appropriate. Differences between groups were assessed using Student’s t tests or, in case of non-normality, using Mann Whitney tests. P values are considered statistically significant if less than 0.05 (2-sided test). All analyses were performed in SPSS 21.0 (IBM SPSS 21.0, SPSS Inc., Chicago IL, USA).
RESULTS

Baseline characteristics

In total 2966 pregnancies were enrolled in this interim analysis and 151 (5.1%) had PH. Of these women, 39 (26%) had PAH (Figure 1). PAH was either idiopathic, associated with congenital heart disease or associated with other disease (e.g. connective tissue disease or vascular malformations). PH due to left heart disease (LHD-PH) was present in 112 (74%) patients. LHD-PH was associated with valvular heart disease in 100 women and cardiomyopathy in 12 women (Table 1). Mean age of the 151 PH patients was 29.2±5.6 years and 56 of them (37%) were nulliparous. The majority (59.6%) had mild PH, with a RVSP between 30 and 50 mmHg. Further baseline characteristics are presented in Table 2. 
In more than 75% of the patients the diagnosis of PH had been made prior to pregnancy. There were no differences between women diagnosed before and during pregnancy. 
Management

Management of PH patients is presented in Table 2. In six women (4.0%), therapeutic abortion was performed because of the maternal condition pulmonary hypertension in the mother. This occurred in two (28.6%) of the iPAH patients; three (10.7%) of the CHD-PH patients; none (0.0%) of the oPAH patients; and one (0.9%) of the LHD-PH patients (p=0.003). 

There were 41 patients (27.2%) who were administered diuretics during pregnancy (34 were LHD-PH patients). Fourteen patients (9.3%) took digoxin during pregnancy (13 were LHD-PH patients). Four of these used digoxin temporarily (only one trimester).

During pregnancy nine patients received advanced PH medication - all of them were given a phosphodiesterase type 5 inhibitor (PDE5-i). In addition, four of these nine patients were administered an endothelin-receptor antagonist (ERA), and three patients were given a prostacyclin analogue. One of these patients used all three. Of the patients on ERA, one patient developed a postpartum pulmonary embolism as well as heart failure, and one patient was reported to have a thromboembolic complication leading to temporary blindness for five days. Heart failure occurred in three other patients - all of whom who were taking PDE5-i.
Maternal Outcomes
Hospitalization was needed in 75 patients with 26 of them being admitted more than once. In 52 patients there was a cardiac reason for admission. Median timing of admission (known in 73% of cases) was 27 weeks (Q1-Q3 = 19.6 – 35.1). Admission for cardiac reasons occurred at a median of 25.1 weeks (Q1-Q3 = 19.2-31.2) and mainly for heart failure (42 patients).

No deaths occurred during pregnancy. Five women (3.3%) died peripartum up to one week after delivery. Another 2 (2.6%) of 78 women in whom follow-up was available died within six months after delivery. Details of maternal mortality are presented in Table 3.  Death most commonly occurred in the group of iPAH (3/7, 43%), followed by patients with LHD-PH (3/112, 2.7%). One of the patients with CHD-PAH died (1/28, 3.6%).  The five patients who died in the first week postpartum died shortly after a preterm spontaneous or induced delivery and cause of death was acute cardiac failure. In two patients this was induced by an infection (patient numbers 4 and 6) and in one patient by mechanical valve thrombosis (patient number 5). Two patients died during an intervention (abortion in patient number 2 and hysterotomy in patient number 3). One of these seven patients reached term pregnancy and died 24 weeks after delivery of cardiogenic shock (patient number 1). One patient died of sudden death 24 weeks after therapeutic abortion performed because of maternal heart failure (patient number 7).
Some women suffered from thrombotic events. One patient, with a closed arterial duct, had a pulmonary embolism and four patients suffered from other thrombotic complications (prosthetic valve thrombosis, n=1; ischemic cerebrovascular event, n=3).  The ischemic cerebrovascular events occurred in the presence of a mechanical aortic valve (n=1), mitral valve stenosis (n=1) and an unrepaired arterial duct.
Figure 2 shows the outcome of pregnancy in three different PH severity groups: mild, moderate and severe PH. Maternal mortality at 6 months follow-up was significantly different in the three groups (0% in mild PH, 0% in moderate PH, 25% in severe PH). There were non-significant differences in the rate of low birth weight (<2500g) in the children of women with severe PH (p=0.09, Figure 2). However, in the analysis of the data by type of PH, more women with CHD-PAH and oPAH had babies with a birthweight of less than 2500g (Figure 3).
Delivery

Details of delivery were reported in 145 patients (96.0%). Caesarean section (CS) was performed in 92 patients (63.4%) and it was initially planned in 83 of them (90.2%), mainly for cardiac reasons (65.1%). In ten patients a spontaneous start of labor was reported. Anesthesia was reported in 65 CS patients. In 21 patients (32.3%), CS was performed under general anesthesia and in 44 patients (67.7%), under local anesthesia. Emergency CS was reported in 21 patients, and in eight of them this was for cardiac reasons:  heart failure or anticoagulation. Heart failure occurred in five (11.4%) patients after general anesthesia and in three (14.3%) patients after local anesthesia in the peripartum period and up to one week postpartum. Maternal death occurred in 2 patients (9.1%) after emergency CS, 2 patients (2.9%) died after planned non-emergency CS within one week after delivery and one patient died during therapeutic abortion (p=0.25, Table 3).
Vaginal delivery was performed in 53 patients (36.6%). Twenty-three patients (43.4%) had an induced vaginal labor. Heart failure peripartum or in the first week postpartum occurred in two (3.8%) patients after vaginal delivery and in 12 (13.0%) patients after CS (p=0.07). No maternal mortality within one week postpartum occurred in patients after vaginal delivery versus 4.3% in the CS group (p=0.19).

Fetal outcome

Fetal or neonatal death up to one week after delivery occurred in 14 pregnancies (9.3%). There were 20 neonates (13.8%) who were small for gestational age (Table 4). Of these, thirteen babies had a birthweight below 2500 grams. A birthweight below 2500 grams occurred in 28 (19.3%) neonates. Twenty-five of them were delivered by CS, which accounts for 27.2% of CS deliveries versus three (5.7%) of vaginal deliveries (p=0.002). Eight of these 25 were emergency Caesarean sections.

Six neonates (4.0%) were reported to have cardiac anomalies: one persistent ductus arteriosus; one, a combination of persistent ductus arteriosus and atrial septal defect; one, a combination of persistent ductus arteriosus, atrial septal defect and pulmonary stenosis; one hypertrophic cardiomyopathy; one pulmonary valve stenosis; one combination of total anomalous pulmonary venous return and atrial septal defect. Of these 6 neonates, 4 had a mother with LHD-PH (4 out of 99 live births in LHD-PH, 4%) and 2 had a mother with CHD-PAH (2 out of 25 live births in CHD-PAH, 8%). The atrial septal defect (ASD) was found in a mother with CHD-PAH that used a PDE5-i.
Six other neonates were reported to have the following non-cardiac anomalies: congenital hemophagocytic syndrome; hydrocele; respiratory distress syndrome; rhesus isoimmunization; wet lung.

Follow-up six months postpartum

In 78 patients (51.7%) follow-up at six months postpartum was available. Two of these patients (2.6%, Table 2 and Table 3) died 24 weeks after delivery. Heart failure occurred in one of the patients who died, as well as in five other patients (7.8%) and two patients (2.6%) had an arrhythmic event.
In 22 patients (14.6%) echocardiography before and after pregnancy was available and no significant change in the RVSP category was found.
DISCUSSION
In this prospective, contemporary, international registry of 151 pregnant women with PH, the incidence of maternal cardiac and neonatal complications was high. However, with a maternal mortality for the entire group of less than 5%, the overall outcome was substantially better than previously reported. It is the first larger cohort including pregnant women with PH categorized according to the most recent consensus document. A clear distinction in maternal morbidity and mortality could be made between the different forms. PH due to left heart disease was the most common form of PH in this cohort and, to a large extent, caused by mitral valve disease or complicated peripartum cardiomyopathy. 
PH due to left heart disease, classified as group 2 of the most recently updated classification on PH


10


9

, is believed to be the most common cause of PH globally. Epidemiological studies of group 2 PH are less exhaustive than for the rarer causes of PH such as iPAH. isolated idiopathic PH HYPERLINK \l "_ENREF_9" \o "Simonneau, 2013 #45" 
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. Group 2 PH is likely to be caused by passive downstream elevation in the left heart pressures (post capillary), but may progress to reactive  changes of the pulmonary arteries (precapillary), leading to mixed PH11

.  For reasons unknown, only a certain proportion of patients progress to develop reactive pulmonary vasoconstriction, despite the presence of chronic heart failure.  Our data show that the diagnosis of PH was made in the majority of cases prior to pregnancy, with more than 80% of women having no or minimal symptoms (NYHA FC I or II). We found a lower mortality in women with LHD-PH (3 of 112 cases) and CHD-PAH (1 of 28 cases) compared to a mortality of almost 50% in women with iPAH, with most of the deaths occurring postpartum. The latter deserves special attention as it implies that all women with PH should remain under close supervision for at least a week after having given birth. Heart failure occurred in almost 30% and arrhythmias were common. Forty-one patients received diuretics during pregnancy, but advanced PH therapy was only given to 9 cases, predominantly with iPAH. 

Tabarsi and colleagues
Altogether, little is known about the outcome of PH in the peripartum period. There are only 2 systematic overviews and selected cases series (< 20 patients). The cases series have mainly focused on PAH, e.g. the study by Xavier Jais et al1

, advanced therapies for PAH were used during pregnancy and delivery in 72% of iPAH, 52% of CHD-PAH and 47% of oPAH.  Patients receiving general anesthesia were four times more likely to die, compared to patients receiving regional anesthesia. 
1

 summarized the findings from 73 pregnant patients with PAH, with 29 having iPAH, 29 CHD-PAH and 15 oPAH, with a 90-day reported mortality of 17%, 28% and 33%. More than two-thirds of the deaths occurred within the first month after delivery. Patients with PH-LHD were not included in this analysis. As most of the cases in this cohort came from individual case reports, mean pulmonary artery pressure (MPAP), when not reported, was approximated or echocardiographic data utilized, using the Bernoulli formula (MAP=systolic PAP estimated by echocardiogram/4x2.4). In the study by Bedard2

, reported on the pooled analysis of publications from 1978 through 1996, on a total of 125 cases, including 73 with Eisenmenger syndrome, 27 with primary arterial PH and 25 with secondary PH, with a mortality of 36%, 30% and 56% respectively.  Of the total number of reported deaths (n=48), 20% occurred late (as late as several months post-delivery). Hemoglobin was only reported for 43 and pulmonary artery pressure (PAP) for 81 of the 125 patients. A more recent study by Bedard et al
Recommendations for the management of pregnant women with PAH have been published recently in a state-of-the-art review
 Role of echocardiography in our cohort estimating the degree of PH
According to the 2015 ESC/ERS guidelines for the diagnosis of pulmonary hypertension 


15


6

, right heart catheterization is recommended as a Class IC indication in patients with pulmonary arterial hypertension. Right heart catheterization for patients with PH due to left heart disease has an IIB indication and is indicated only to support treatment decisions.  Right heart catheterization would therefore not have been indicated in pregnant women in PH groups II-V. The challenges to diagnose the most frequent causes of PH have decently be summarized in a paper by Hoeper et al, A global view of pulmonary hypertension  HYPERLINK \l "_ENREF_6" \o "Galie, 2015 #84" 
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.
The recently published guidelines highlight also the use of echocardiographic probability of PH in symptomatic patients with a suspicion of PH. The authors of the guidelines preferred the use of peak tricuspid regurgitation velocity over the estimated PASP or RVSP. However, in the ROPAC data base peak tricuspid regurgitation velocity was only rarely entered by the investigators. It was not a mandatory field.

The majority of the women in the ROPAC registry had mild to moderate PH with more than two-thirds having a RVSP <70mmHg. Transthoracic echocardiography allows estimation of the RVSP from the velocity of the tricuspid regurgitation by adding the right atrial pressure16

. 
11

. This diagnostic module has led to widespread use and increased documentation of the burden of echocardiographic signs of possible PH in patients with heart disease and its association with a high morbidity and mortality. PH is often a neglected issue and the importance of long-term follow-up has recently been highlighted
Several studies have been published in the literature demonstrating good sensitivity and specificity of echocardiography versus RHC. In the first systematic review and meta-analysis addressing the diagnostic accuracy of echocardiography in PH by Janda et al17

, the authors concluded that the correlation of the pulmonary artery systolic pressure by echocardiography, compared to the pulmonary arterial pressure by RHC, was good, with a correlation coefficient of 0.70 (95% CI 0.67 to 0.73). The authors also showed that the diagnostic accuracy of echocardiography in PH was also acceptable, with a summary sensitivity and specificity of 83% (95 % CI 73% to 90%) and 72% (95% CI 53% to 85%) respectively. Additionally, Damy et al
Recommendations for the management of pregnant women with PAH have been published in the ESC/ERS guidelines for the treatment and management of PH 
Fetal complications and outcomes 
Perinatal complications were common, with fetal or neonatal demise occurring in almost 10%. Further, a birthweight of less than 2500 gram occurred in one fifth of the babies, reflecting the high rates of growth restriction and preterm birth. The long-term impact of chronic maternal hypoxia on fetal outcome remains unknown, but fetal growth restriction is known to programme increased rates of diabetes, heart disease and hypertension in later life
Data about the pulmonary circulation during pregnancy and its influence on the placental flow is scarce. However, it is known that the mean pulmonary arterial pressure in a normal pregnancy does not change21

, while the pulmonary flow increases. This implies that the pulmonary vascular resistance has to decrease. In women with pulmonary hypertension, it is likely that there is a limited ability of the pulmonary vascular resistance to change throughout pregnancy and, hence, the pulmonary flow, might decrease. In a recent systematic review, cardiac output during pregnancy was significantly lower in women with heart disease and predicted a poor perinatal outcome (hypertension, pre-eclampsia, fetal growth restriction, stillbirth and placental growth abruption)
LIMITATIONS
This registry, as most other registries, has numerous limitations such as incomplete (<5%) and biased data. This is a global registry with some centres having dedicated high-risk obstetric clinics and much higher volumes than others, which is likely to affect the outcome.  In general, centers in ROPAC are typically tertiary centers with well-organised pregnancy clinics. Thus, all conclusions must be drawn with caution. In addition, the diagnosis of PH was not made with heart catheterisation in all patients. As highlighted by others
CONCLUSION
Despite the advent of a number of therapeutic options for patients with PH, pregnancy remains a substantial risk and commonly leads to heart failure. Mortality remains high, particularly in women with iPAH (almost 50%). However, there are marked differences in the maternal and fetal outcome of women with iPAH, CHD-PAH, oPAH and LHD-PAH, which need to be highlighted and investigated further. Our data differ from previous systematic overviews and pooled cases series as we included all sub groups of PH including a high number of LHD-PH. As most deaths occurred postpartum, women should be kept in hospital for at least a week post-delivery and possibly longer, being monitored for arrhythmia, heart failure and uterine hemorrhage in particular. Vaginal delivery is usually the preferred mode of delivery. Pre-conception, women need to be counselled, not only about the risk to their health in the short and longer term, but also about the overall poor outcome for their children. However, if pregnancy occurs, close follow-up with a minimum of monthly visits and echocardiograms to screen for and treat right heart failure are essential.  Larger, prospective, carefully conducted multi-centre studies in patients with PH are required to determine the exact pregnancy-related risk, the role of supportive care and advanced PH therapy, as well as predictors of outcome for each sub-group.  
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