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ABSTRACT 
Previous studies have reported mortality rates of up to 56% associated with pregnancy in 
pulmonary arterial hypertension (PAH) but the management of this disease has changed 
considerably in recent years.  
We conducted a multinational, prospective registry to examine the contemporary outcome of 
pregnancies in patients with PAH. 
During a 3-year period, the 13 participating centres reported 26 pregnancies. Three women 
(12%) died and one (4%) developed right heart failure requiring urgent heart-lung 
transplantation. There were 8 abortions; 2 spontaneous and 6 induced. Sixteen pregnancies 
(62%) were successful, i.e. the women delivered healthy babies without complications. These 
women had well controlled PAH (pulmonary vascular resistance, PVR, 500 ± 352 dyn.s.cm-5); 
eight of them were long-term responders to calcium channel blockers. In contrast, the women 
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who died or required transplantation had poorly controlled PAH (PVR, 1,667 ± 209 dyn.s.cm-

5).  
Pregnancy remains associated with a substantial mortality rate in PAH. However, our results 
indicate that the outcome of pregnancies in PAH has improved, at least when PAH is well 
controlled and particularly in long-term responders to calcium channel blockers. These data 
must be confirmed by larger series before the general recommendation to avoid pregnancy in 
all patients with PAH is reconsidered.    
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INTRODUCTION 
 
The term pulmonary arterial hypertension (PAH) describes a group of diseases characterized 
by progressive obstructive pulmonary vasculopathy almost invariably resulting in rapid right 
heart failure and death if not sufficiently treated. Although PAH can occur in men and women 
of all age groups, the disease is frequently encountered in younger women (1, 2). Female 
patients with PAH may become pregnant and occasionally the first clinical manifestations of 
PAH are seen during the course of pregnancy. It is well known that pregnancy poses an 
immense risk to women with PAH. In a systematic analysis of reports published between 
1978 and 1996, Weiss et al. calculated maternal mortality rates of 36% in Eisenmenger’s 
syndrome, 30% in primary pulmonary hypertension (now called idiopathic pulmonary arterial 
hypertension – IPAH) and 56% in pulmonary hypertension associated with other conditions, 
respectively (3). Neonatal mortality was also substantial, ranging from 11-13% (3). Therefore, 
current guidelines unanimously recommend that pregnancy be avoided or early terminated in 
women with PAH (4, 5). 
The treatment of PAH has undergone considerable changes in recent years. Several classes of 
substances including calcium channel blockers, prostacyclin derivatives, endothelin receptor 
antagonists and phosphodiesterase-5 (PDE-5) inhibitors are now being widely used in a 
tailored approach resulting in improved hemodynamics, exercise capacity and outcome (6-
10). Although it is generally not possible to cure PAH with these medications, some patients 
achieve substantial improvement and long-term stabilization with near-normal 
hemodynamics. This is particularly true for so-called “responders”, i.e. patients with marked 
vasoreactivity who can be treated successfully with high-dose calcium channel blockers (11).  
There is emerging evidence from recent case series that the outcome of pregnancies in women 
with PAH may be better in the modern management era (12-14). A recent systematic review 
examined the reported outcomes of pregnancy in patients with PAH in the past decade (1997-
2007). Overall, maternal mortality was lower in the last decade compared with previous area 
(p=0.047). Mortality decreased substantially in all three subgroups investigated (from 30 to 
17% in IPAH, 36 to 28% in Eisenmenger’s syndrome, and 56 to 33% in PAH of other 
aetiology) (13).   
In order to obtain further data on the outcome of pregnancies in women with PAH in the 
modern management era, we launched an international, non-interventional registry that 
prospectively collected data over a 3-year period. 
 
 
 
 
 
 
   



METHODS 
 
The present survey was designed to prospectively collect data from pregnancies occurring 
between July 1st, 2007 and June 30th, 2010 in women with PAH. Thirteen pulmonary 
hypertension centres in Europe, the US and Australia agreed to participate. Inclusion criteria 
were an age ≥ 18 years and a diagnosis of PAH according to established diagnostic criteria 
including right heart catheterization (4). Patients with other forms of pulmonary hypertension 
were excluded. The participating centres received a structured questionnaire to be filled out 
for each case of pregnancy, regardless of the outcome. Data were collected regarding the type 
of PAH, medical therapy and disease severity at the time when pregnancy was discovered 
(including the most recent hemodynamic data), follow-up and medical therapy during 
pregnancy, time and management of delivery, peripartum and postpartum management and 
maternal and neonatal outcome. Patients who had a successful pregnancy were followed for 
12 months. 
The protocol was approved by the institutional review board of the participating centres. 
Patient data were made anonymous. Written informed consent was obtained from patients if 
possible but was waived when the patient’s medical condition made informed consent 
impossible.   
 
Statistical analysis 
Data are presented as mean value ± standard deviation for parametric data. All analyses were 
descriptive as the small number of observations did not allow in-depth statistical analyses. 
 
 
 
RESULTS 
 
Of the 13 participating centres, 6 did not observe pregnancies among their PAH patients 
during the study period. The remaining 7 centres contributed data on 26 pregnancies. The 
baseline characteristics of the women who became pregnant during the observation period are 
shown in Table 1. The follow-up periods after delivery or pregnancy termination ranged from 
1-36 months (median, 23 months).   
 
Maternal and neonatal outcomes 
Eighteen women (69%) delivered healthy babies (mean time of delivery, 33.9 ± 3 weeks). 
One of these women, however, developed right heart failure and required extracorporeal life 
support followed by urgent heart-lung transplantation. Another patient delivered a healthy 
baby but died shortly thereafter from refractory right heart failure. For the purpose of the 
following analyses, 16 pregnancies (62%) were considered successful in that mother and baby 
survived without complications. There were 8 abortions; two occurred spontaneously at 
gestational week 9 and 12, respectively; the other six were induced (mean gestational weeks, 
10 ± 3). All 6 women with induced abortions survived without medically significant 
complications whereas both women with spontaneous abortions died. Thus, a total of three 
women (12%) died during the early post-partum period, all of them from right heart failure. 
All of these women suffered from severe pulmonary hypertension (Table 2) and all of them 
had undergone general anaesthesia for delivery or curettage, respectively.  
Table 2 depicts the baseline characteristics of women who had successful pregnancies (n=16; 
62%) and those who died (n=3; 12%) or required urgent HLTx (n=1; 4%), respectively. 
Although the small number of patients in the latter group precluded statistical comparisons, 
the women who died or required transplantation evidently had more severe pulmonary 



hypertension than those with successful pregnancies and delivered by emergency caesarean 
section under general anaesthesia.   
Indeed, eight of the 16 women (50%) who had successful pregnancies were so-called 
“responders” and had nearly normal hemodynamic parameters with calcium channel blocker 
therapy (mean pulmonary artery pressure, mPAP, 30 ± 6 mmHg, PVR 387 ± 181  
dynes.s-1.cm-5). The other women with successful pregnancies were non-responders but most 
of them also had well-controlled PAH while receiving targeted therapy (Table 2).  
In contrast, the four women who died or required transplantation, respectively, had poorly 
controlled PAH with pulmonary vascular resistance of 1,667 ± 209 dynes.s-1.cm-5 and mPAP 
of 71 ± 5 mmHg (Table 2).  
The baseline characteristics of the 6 women with induced abortions are also shown in table 2. 
Most of these patients had reasonably well controlled PAH although there was a trend 
towards more severe disease than in those with successful pregnancies. In all of these cases 
physician advised terminating pregnancy. Abortion was medically induced in all cases and 
surgical interventions were not required. None of these women experienced complications or 
worsening of pulmonary hypertension during follow-up.   
Maternal outcome during the year following delivery was analysed for the 16 women who 
had successful pregnancies. Two of them (13%) experienced clinical deterioration requiring 
intensification of PAH therapy. None of them was a long-term responder to calcium channel 
blockers.  
   
Management of successful pregnancies 
PAH medication during pregnancy 
In the women with successful pregnancies, background treatment with calcium channel 
blockers, prostanoids and sildenafil was continued in all cases (Table 2). Endothelin receptor 
antagonists were withdrawn when pregnancy was discovered. In two patients, inhaled iloprost 
was introduced as additional PAH therapy during pregnancy.  
Anticoagulation during pregnancy 
Five patients never received anticoagulation prior to and during pregnancy. Eight patients had 
their oral anticoagulants replaced by heparin during pregnancy. Three patients had not been 
treated with anticoagulants before they became pregnant but received heparin during 
pregnancy. No thromboembolic events were observed in any of these patients.  
Assessments during pregnancy 
During pregnancy, the patients were regularly seen at their PH centres, usually in 2-4 weekly 
intervals. Echocardiography was utilized as follow-up tool in all patients; 6 min walk tests and 
biomarkers (brain natriuretic peptide) were used in 8/16 (50%) and 7/16 (43.8%) patients, 
respectively. Only one centre (French reference centre for PH) performed right heart 
catheterizations (up to three procedures in one patient) as part of their regular assessment 
during pregnancy.  
Management of delivery and postpartum period 
One woman had a preterm spontaneous vaginal delivery at week 26; mother and offspring had 
an uncomplicated course. The other successful pregnancies (15/16; 94%) were delivered by 
planned caesarean section between the 31th and 38th gestational week; 12/15 (80%) under 
spinal anesthesia and 3/15 (20%) under general anesthesia. Maternal monitoring during 
delivery was generally non-invasive except for two occasions when hemodynamics were 
monitored by right heart catheterization during delivery. There were no serious complications 
during delivery and no patient required prolonged mechanical ventilation or catecholamines.   
 



DISCUSSION 
 
This survey has two major results: First, pregnancy remains associated with a high risk in 
women with PAH. In this series of 26 patients, three died (12%) and another one (4%) had 
refractory right heart failure and could be rescued only with extracorporeal cardiopulmonary 
support followed by urgent heart-lung transplantation. Second, our data suggest that 
pregnancies can be successfully managed in highly selected patients with well controlled 
PAH. This seems to be particularly true for so-called “responders”, i.e. patients with a 
vasoreactive form of pulmonary hypertension in whom hemodynamics become normal or 
almost normal with calcium channel blocker therapy (11). This survey followed 8 such 
“responders” and all of them had uncomplicated courses of their pregnancies. The same was 
true for 8 further patients who did not fulfil the responder criteria but had well controlled 
disease with PAH-targeted therapy. These results stand in contrast to previously reported 
mortality rates between 30% and 56%, derived between 1978 and 1996 (3), i.e., at a time 
when PAH-targeted therapies were not readily available (15-17). The seemingly better 
outcomes of pregnancies documented in our survey might be attributed at least partly to better 
disease control with current remedies. Our results are comparable with those observed by 
Bedard et al. who reported mortality rates between 17 and 33% in the past decade (1997-
2007) (13).  
In our series, the four women who died or required transplantation had very severe PAH with 
PVR ranging from 1,560 dynes.s-1.cm-5 to 1,928 dynes.s-1.cm-5, respectively. These findings 
are consistent with those reported by Roberts et al. who have been able to provide some 
prognostic data on pregnant patients with PAH, using hemodynamics values and 
demonstrated that patients with a PVR >1000 dynes.s-1.cm-5 had the worst prognosis (18).  
In addition, the women having a worse outcome in our study delivered by emergency 
caesarean section under general anesthesia and worsened and/or died during the early post-
partum period. Bédard et al. made the same observations and showed that general anesthesia 
was associated with a fourfold increase in maternal mortality and that the majority of deaths 
occurred mainly within the first month after delivery (13). The high mortality rate recorded in 
patients who underwent general anesthesia might be explained by a downwards spiral of 
worsening right ventricular function. Indeed, general anesthesia may increase PVR through 
several mechanisms including increased sympathetic stimulation during airway 
instrumentation and tracheal intubation (19), effects of volatile agents used for anesthesia 
(20), high airway plateau pressure due to the effects of positive-pressure mechanical 
ventilation (21) and hypoxic pulmonary vasoconstriction caused by alveolar hypoxia (22). 
Our 3-year prospective survey was conducted in 13 expert centres for pulmonary 
hypertension. Pregnancies were seen only in 6 out of these centres, which probably reflects 
the fact that physicians strongly advise their PAH patients not to become pregnant. At the 
same time it appears as if some centres have become more liberal in highly selected patients. 
Our data indicate that physicians in all participating centres made strong recommendations 
against becoming pregnant in women with severe or moderately severe pulmonary 
hypertension. They also recommended abortion of pregnancies whenever they felt that 
pulmonary hypertension was not well controlled. However, in some women with minor 
hemodynamic impairment and long term stabilization under therapy, it was decided to 
continue pregnancy. Notably, pregnancies were successful in all of these cases, suggesting 
that experienced physicians may have a good judgment on when it may be safe for women 
with PAH to continue pregnancy, even in the absence of supporting data.  
Our study has obvious limitations, the most important one being the small sample size. 
However, 13 large pulmonary hypertension centres participated in this prospective 3-year 
survey and we are confident that all cases were reported. Thus, the small sample size merely 



reflects the simple fact that pregnancies occur rarely among women with PAH. This 
hypothesis is supported by the results of a large US health survey reporting only 182 patients 
with IPAH out of 11.2 million deliveries (23). 
Because of the non-interventional design and the small sample size, the present survey does 
not provide further guidance towards an optimized management of pregnancies in women 
with pulmonary hypertension. All centres continued established PAH therapy except for 
endothelin receptor antagonists as these drugs are contraindicated during pregnancy because 
of their teratogenic potential (24). Anticoagulation was managed differently in all centres 
without an apparent effect on outcome. Planned delivery by caesarean section during 
gestational weeks 35 and 38 was the preferred method in most centres but there is insufficient 
information to determine whether this approach provides the best outcomes for mothers and 
their babies.  
Currently, there is an unequivocal statement in both the US and the European guidelines that 
pregnancy be avoided or early terminated in all women with PAH (4, 5). Without any doubt, 
this recommendation remains undisputed in women with poorly controlled PAH. In selected 
women with well-controlled PAH and normal or near-normal hemodynamics, however, such 
decisions should be made on an individual basis after the potential risks have been openly 
discussed with the patient and her relatives. As there is presently no sufficient data to support 
any cut-off values to determine when it might be safe for women with PAH to continue 
pregnancy and when not, such vital decisions should be made only in highly experienced 
referral centres. It would certainly be misleading to conclude from our data that pregnancy is 
now safe for women with PAH. Misinterpreting the present data in such way bears the 
inherent danger that physicians become too liberal in women who will be better advised 
avoiding or terminating pregnancy. When advising patients with PAH who want to become 
pregnant, one should also bear in mind the impact of raising a child for women with a disease 
usually characterized by exercise limitation, fatigue and a reduced life expectancy.  
In conclusion, our data show that the risks associated with pregnancy in patients with PAH 
remain substantial. In line with current guidelines, pregnancy should be avoided or early 
terminated in women with severe PAH. However, our data also indicate that the risks 
associated with becoming pregnant in women with well controlled disease and minor 
hemodynamic impairment may have declined. If such women become pregnant or want to 
become so a thorough risk assessment in an experienced centre is necessary and the women 
need to be fully counselled about the potential risks before a final decision is being made.  
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 Table 1: Baseline characteristics of patients with pulmonary arterial hypertension with 
pregnancies  
  All patients 

n=26 
 

 Age, years ** 31 ± 5 

 NYHA FC**  

     I/II 16 (62) 

     III 8 (31) 

     IV 2 (7) 

 6 MWD, m * 472 ± 97 
 Type of PAH  
     Idiopathic 17 (64) 
     Connective tissue disease 4 (16) 
     Congenital heart disease 1 (4) 
     HIV infection associated 3 (12) 
     Portopulmonary 1 (4) 
 Hemodynamics*  
     RAP, mmHg 6 ± 4 
     mPAP, mmHg 44 ± 19 
     PCWP, mmHg  6 ± 2 
     CI, l/min/m2  3.1 ± 0.9 
     PVR, dynes/sec/cm5  741 ± 571 
     SvO2, %  66 ± 11 
 PAH medication**  
     Oral anticoagulants 13 
     Calcium channel blockers (responders) 8 
     Intravenous epoprostenol 5 
     Subcutaneous treprostinil 1 
     Inhaled iloprost 2 
     Endothelin receptor antagonists 7 
     PDE-5 inhibitors 7 
     No PAH medication 4*** 
  

Data are presented as n, mean ± SD or n (%). NYHA FC: New York Heart Association 

functional class; 6MWD: 6-minute walk distance; RAP: right atrial pressure; mPAP: mean 

pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure; CI: cardiac index; 

PVR:  pulmonary vascular resistance; SvO2: mixed venous oxygen saturation; *most recent 

variables at the time when pregnancy was discovered; **at the time when pregnancy was 

discovered; ***in these patients the diagnosis of PAH was made during pregnancy 

 

 

 



 Table 2: Baseline characteristics (at the time when pregnancy was discovered) of 
women who delivered a healthy baby and survived, of women with induced abortions, 
and of women who did not survive pregnancy or required transplantation  
  Women who delivered a 

healthy baby and survived
without transplantation 

 
n=16 

 

Women with 
induced 

abortions 
 

n=6 
 

Women who died or 
required transplantation

 
 

n=4 
 

 Age (years)** 30 ± 5 31 ± 5 33 ± 4 
 NYHA FC**    
     I/II 12 (75) 4 (67) 1 (25) 
     III 4 (25) 2 (33) 1 (25) 
     IV 0 0 2 (50) 
 6 MWD, m *** 485 ± 118 467 ± 35 234 ± 202 
 Type of PAH    
     Idiopathic 10 (63) 3 (50) 4 (100) 
     Connective tissue disease 4 (25) 0 0 
     Congenital heart disease 1 (6) 0 0 
     HIV infection associated 0 3 (50) 0 
     Portopulmonary 1 (6) 0 0 
 Hemodynamics*    
     RAP, mmHg  4 ± 3 6 ± 2 11 ± 3 
     mPAP, mmHg 36 ± 15 48 ± 18 71 ± 5 
     PCWP, mmHg 6 ± 3 6 ± 2 7 ± 2 
     CI ,  l /min /m 2 3.2 ± 0.9 3.4 ± 1.0 2.0 ± 0.3 
     PVR, dynes/sec/cm5 500 ± 352 765 ± 598 1,667 ± 209 
     SvO2, % 66 ± 11 69 ± 12 58 ± 3 
 PAH medication**    
     Oral anticoagulants 8 4 1 
Calcium channel blockers (responders) 8 0 0 
     Intravenous epoprostenol 3 2 0 
     Subcutaneous treprostinil 0 0 1 
     Inhaled iloprost 2 0 0 
     Endothelin receptor antagonists 2 4 1 
     PDE-5 inhibitors 4 3 0 

  
Data are presented as n, mean ± SD or n (%). NYHA FC: New York Heart Association 

functional class; 6MWD: 6-minute walk distance; RAP: right atrial pressure; mPAP: mean 

pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure; CI: cardiac index; 

PVR:  pulmonary vascular resistance; SvO2: mixed venous oxygen saturation; *most recent 

variables at the time when pregnancy was discovered; **at the time when pregnancy was 

discovered; ***6 min walk distance was set to 0 m in NYHA IV patients unable to walk (n=2)  
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