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Abstract

In this study, we aim to find out maternal and fetal outcomes in women with PH resulting from different causes and try

to determine the risk factors related to adverse maternal and fetal outcomes. We extracted the data from the records: the

demographic information, onset, course, clinical and echocardiographic details, maternal and fetal complications, management

as well as obstetric data, which included complications, infant of low-birth weight. We compared the outcome based on

the cause of disease and pulmonary hypertension pressure levels. 603 women were included in the final analysis, who were

mainly had pulmonary hypertension secondary to congenital heart disease (66.0%) and 46 of whom had Eisenmenger syndrome

(7.6%). The mortality was 3.0%, 56% of which was caused by Eisenmenger syndrome. The abortion rate was 8.3% and 32%

of live newborns were born before term. Heart failure complicated 17.1% and fetal growth restriction 3.5% of pregnancies.

Advanced medication was administered in an increasing number of patients. Morbidity was significantly increased in women

with pulmonary hypertension associated with a pulmonary hypertension pressure [?]80 mmHg. The mortality rate was lower

than previously reported. Nevertheless, in Eisenmenger syndrome, PH secondary to connective tissue disease and idiopathic

PH, the maternal mortality is still very high. In addition to the use of PAH-targeted drugs, we believe that standardized

maternal management strategies can also help reduce mortality, including screening for heart disease and effective transport of

critically ill patients. The maternal and infant outcome is related to etiology and the severity of PASP.

Introduction

Pulmonary hypertension (PH) is a pathophysiological disorder which is characterized by increasing pul-
monary artery pressure and pulmonary vascular resistance, and can progresses into right heart failure and
death. PH has many causes and can be classified into five groups: pulmonary arterial hypertension (con-
genital heart disease, connective tissue disease), left heart disease (valvular disease, pulmonary stenosis, left
heart inflow/outflow tract obstruction), lung disease and/or hypoxia, chronic thromboembolic pulmonary
hypertension and other pulmonary artery obstructions, unclear and/or multifactorial mechanisms[1]. With
advances in cardiovascular medical and surgical care, more women with PH can live up to a child-bearing
age.

Cardiovascular disorder complicates 1%˜3% of all pregnancies and has become a leading non-obstetric cause
of global maternal death during pregnancy. Mortality remains high in pregnant women with PH even if
pregnancy appears safe today, and it can reach as high as 50% in women with Eisenmenger’s syndrome[2][3].
The hemodynamic changes and blood volume shifts related to pregnancy, labor and delivery can deliberate
the right ventricle function and further heart failure. Pulmonary hypertension crisis, pulmonary thrombosis
and right heart failure are the most common causes of death. The WHO recommends women with PH
should avoid pregnancy, and if pregnancy occurs, termination should be considered as soon as possible [4].
Even if PH is considered as a contradiction for pregnancy, the incidence of pregnancy is increasing, whether
planned or unplanned, and most of them choose to continue pregnancy.
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In this study, we aim to find out maternal and fetal outcomes in women with PH resulting from different
causes and try to determine the risk factors related to adverse maternal and fetal outcomes.

Methods

We reviewed the front pages of medical records between January 1993 and December 2019 to identify pregnant
women with pulmonary hypertension in Renji Hospital affiliated to Shanghai Jiao Tong University School of
Medicine, which is an expert center for pregnancy complicated cardiac disease and has about 3000 deliveries
per year. The diagnosis was based on the International Statistical Classification of Diseases and Related
Health Problems (Ninth Version before Jan 2011, Tenth Version after Jan 2011).

Pulmonary hypertension (PH) is defined as an increase in mean pulmonary arterial pressure (PAPm) greater
than 25 mm Hg by right heart catheterization or a pulmonary artery systolic pressure (PASP) greater than
35 mm Hg by echocardiography if right heart catheterization is not available. A PAPm value of 25 to 35
mm Hg, 36 to 45 mm Hg, or greater than 45 mm Hg measured by right heart catheterization correspond to
the mild, moderate, or severe PH, respectively. When it comes to diagnosis by echocardiography, a PASP
value of 30 to 49 mm Hg, 50 to 79 mm Hg, not less than 80 mm Hg correspond to the mild, moderate, or
severe PH, respectively.

Eisenmenger’s syndrome is a secondary PH that develops from any left-to-right shunting cardiac lesions.
The syndrome develops when pulmonary vascular resistance exceeds systemic resistance, with concomitant
right-to- left shunting.

We extracted the following data from the medical records: the demographic information, onset, course, clin-
ical and echocardiographic details, maternal and fetal complications, management as well as obstetric data,
which included parity, complications regarding pregnancy such as abruption, pre-eclampsia, fetal growth
restriction(FGR), the timing and mode of delivery, postpartum hemorrhage, infant of low-birth weight. Pa-
tients were classified into four groups: PH due to congenital heart diseases (CHD PH), PH secondary to
connective tissue diseases (CNT PH), PH secondary to left heart diseases mitral/aortic valve diseases (LHD
PH), idiopathic PH (I-PH). Women with right ventricular outflow tract obstruction (pulmonary valve or
supra valve stenosis) were excluded. PH secondary to left ventricular dysfunction secondary to myocardial
or coronary disease were also excluded.

Statistical analysis

All analysis was performed using SPSS (22th version). We compared baseline characteristics and outcomes
based on the etiology. The Fisher’s exact test or Chi-square test was applied for dichotomous secondary
outcome measures, while one-way ANOVA test or Kruskal-Wallis H test were applied for the continuous
secondary outcomes. P-values of <0.05 were considered to indicate statistical significance (two-sided test).

Results

Data on 698 pregnant women with PH was available for study. After excluding 20 women with right
ventricular outflow tract obstruction and 75 women with incomplete records, 603 women were included in the
final analysis. Detailed information for these patients, including demographic and obstetric characteristics,
etiology, advanced medication for PH, is listed in Table 1 . More baseline characteristics of women with
congenital heart diseases were listed in Table 2 .

1. Demographic and obstetric characteristics, and etiology

The mean age was 28.49±4.89 years. Trans-thoracic echocardiogram was used to diagnose PH in all women,
and right heart catheterization was used for both diagnosis and treatment in 5(0.8%) cases during pregnancy.
Among these 603 patients, PH was secondary to congenital heart diseases(CHD-PH) in 398(66.0%) women,
due to left heart disease mitral/aortic valve diseases(LHD-PH) in 175(29%) women, secondary to connective
tissue diseases(CNT-PH) in 10(1.7%) and idiopathic(I-PH) in 20(3.3%). 398 women with CHD-PH were
classified into three groups: 46(11.6%) were Eisenmenger’s syndrome(E-CHD), 142(35.7%) were PH after

2
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cardiac surgery(A-CHD) and 210(52.8%) were other PH with left-to-right shunting congenital heart diseases
without cardiac surgery(O-CHD).

449(74.5%) women were nulliparous. 352(58.4%) cases were known of the presence of heart diseases before
pregnancy and 192(31.8%) cases had received cardiac surgeries before getting pregnant. The mean pulmonary
arterial systolic pressure(PASP) was 54.39±24.24 mm Hg. 155(25.7%) cases were diagnosed as moderate PH
and 91(15.7%) cases as severe PH respectively. The number of women with NYHA class III/IV (103, 17.1%)
were increased after getting pregnant.

2. Management of PH

490(81.3%) women counselled and visited experts regularly during pregnancy. Oral or intra-venous diuretics
were used in 192(31.8%) women, oral digoxin was used in 69(11.4%) women, and antithrombotic prophylaxis,
including oral aspirin, low-molecular-weight heparin (LMWH) or warfarin, was used in 102(16.9%) cases.
Among 43 women taking phosphodiesterase type 5 inhibitor (PDE5I), 13 still took another one or two PE-
targeted medications (a prostaglandin I2 or an endothelin-receptor antagonist). Comparing the medication
use between 2000 to 2009 and 2010 to 2019, there was no difference in the group of diuretics (30.30% vs
33.20%) and digoxin (12.70% vs 9.60%), with an increasing rate in the group of PAH medications (0.60% vs
9.90%, P =0.296) and antithrombotic agents (6.10% vs 21.40%,P ¡0.001). The details of medication use are
shown in Figure 1 .

3. Maternal outcomes

Maternal and fetal outcomes in 603 women with PH and in 398 women with PH caused by

CHD are shown in Table 3 and Table 4 . 50 (8.3%, 95CI 6.1% to 10.5%) women had abortions (¡28 weeks)
including two cases died before delivery, of which only 8 (1.3%, 95CI 0.4% to 2.2%) cases were terminated
pregnancy because of fetal abnormality (intrauterine fetal death or intrauterine embryo damage) and the rest
of which were performed due to the disease. 551(91.4%, 95%CI 89.1% to 93.6%) women underwent cesarean,
including 21 were performed before 28 weeks, 78(14.2%, 95CI 11.2% to 17.1%) of which were performed
in general anesthesia. The indications were showed in Figure 2 . 243(40.3%) were underwent emergency
cesarean: 122(22%) were due to deterioration of cardiac function, 35(7%) due to onset of labor and 34(6%)
due to suspected fetal distress.

Pre-eclampsia complicated 43(7.1%, 95CI 5.1% to 9.2%) pregnancies and intrauterine fetal growth restriction
21(3.5%, 95CI 2.0% to 5.0%) pregnancies. 51(8.5%, 95CI 6.2% to 10.7%) women had heart failure during
pregnancy. A total number of 251(35.7%, 95CI 32.2% to 39.3%) women were admitted to the Intensive Care
Unit (ICU). 18 deaths were reported (Table S1 ), resulting in a maternal mortality rate of 3.0% (95CI 1.6%
to 4.3%). As the etiology of death was shown inFigure 3 , congenital heart diseases were the leading cause of
maternal death. The mortality in different groups varied, which was higher in the group of E-CHD (15.2%,
95CI 4.4% to 26.0%), CNT-PH (10%, 95CI -12.6% to 32.6%), I-PH (10.0%, 95%CI -4.4% to 24.4%). 2
women died of cardiac arrest before cesarean while 16 died from uncontrolled cardiorespiratory failure after
surgery. The change of the number of deaths and mortality was shown in Figure 4 .

4. Fetal outcomes

After excluding the abortion cases, the mean gestational age at delivery was 36.87+-2.71 weeks.

The mean birthweight of 553 live-born infants was 2715+-675.00 grams, 156(28.2%, 95CI 24.4% to 32.0%) of
whom were less than 2500 grams. The incidence of pre-term deliveries (¡37 weeks’ gestation) was 32.0%(95CI
28.3% to 35.7%) in overall population.

Figure 5 showed maternal and fetal outcomes in the study population based on the PASP. In the group of
PASP [?]80 mm Hg, patients suffered from a higher rate of heart failure(24.2% versus 5.7%, P¡0.001), to
some extent, resulting in a higher admission rate to ICU(89.0% versus 33.2%, P¡0.001). Not surprisingly,
maternal mortality in the population with PASP [?]80 mm Hg was higher than that in the patients with
PASP ¡80 mm Hg(12.1% versus 1.4%, P ¡0.001). As a result, more women were terminated pregnancy before
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term because of deterioration of cardiac function, leading to a higher rate of preterm birth(57.1% versus
27.5%, P¡0.001) and a higher rate of infants with birthweight ¡2500 grams(56.0% versus 19.5%, P¡0.001). It
seemed that higher PASP was associated with worse maternal and fetal outcomes.

Besides, we compared maternal and fetal outcomes between women with CHD who had received cardiac
surgery and those without Esienmengers’ syndrome and prior cardiac surgery (Figure 6 ). There was no
significant difference in the rate of maternal death (1.40% versus 0.50%, P=0.568) and cardiac events (2.1%
versus 2.40%, P=1.000). The infants in the two groups shared similar rate of preterm birth (23.2% versus
24.8%, P=0.743). However, fewer women were admitted to ICU in those received cardiac surgeries (22.5%
versus 32.9%, P=0.036).

Discussion

In this retrospective study, we described maternal and fetal outcomes in 603 women with PH who were
admitted to an expert hospital from 1993 to 2019. The outcomes differ in different PH groups and these
women are advised to avoid pregnancy in many guidelines[4][5]. The overall mortality in the whole study
group was 3.0%, which was lower than reported previously[6][7][8]. The congenital heart disease is reported
to be a leading part of our population, which is more prone to pulmonary hypertension during pregnancy.
The mortality differs in different groups, which in Eisenmenger’s syndrome is highest (15.2%), followed by
connective tissue disease (10%) and idiopathic pulmonary hypertension (10%), which may be due to the
higher pressure in these groups. Meanwhile, our study also showed that patients with PASP [?]80 mm Hg
had a higher mortality than those with PASP ¡80 mm Hg, which indicates higher PASP causes more deaths.

Maternal blood volume starts to increase during the first trimester, and by the third trimester, it could
increase by 40 to 45 percent, which would return to systemic circulation soon after delivery. The rapid
hemodynamic changes would result in decompensation in women with heart diseases, and 23˜30 weeks of
pregnancy and 1 week especially 24 hours after delivery are the most risk period. Except for 2 women died
during pregnancy, 50% of the deaths occurred within 1 week after delivery. Pulmonary hypertension crisis,
pulmonary thrombosis, and right heart failure are common causes of death[9]. In our center, the main causes
of death are heart failure and pulmonary hypertension crisis. The incidence of heart failure in the study
population was 8.5%, which in CHD groups was lower than other groups. In the CHD group, heart failure
in the Eisenmenger syndrome group was more prevalent than the other two groups, which also led to a
higher rate of admission to ICU. Furthermore, compared with those with PASP <80 mm Hg, patients with
PASP[?]80 mm Hg had a higher incidence of heart failure.

PH women were reported to have a higher incidence of obstetric complications than normal population [10].
In our study, the incidence of fetal intrauterine growth restriction was 3.5%, preeclampsia was about 7.2%,
which was comparable to international reports (8.9%)[6][11]. However, it is higher in the PH group caused
by connective tissue diseases and idiopathic PH, which to some extent makes it more difficult to treat these
patients, and thereby increases the mortality rate.

8.3% women had abortions and 32.0% had preterm births. 27.8% of live-born infants had a birthweight
less than 2500 grams. We explored the neonatal outcomes of different etiological groups. Among CNT-PH
group, the abortion rate was the highest and the newborn birth weight was the lowest; while in the CHD
group, the Eisenmenger syndrome had the highest abortion rate, the highest preterm birth rate and the
lowest birth weight. In the PASP [?] 80 mm Hg, the premature birth rate and the incidence of low birth
weight were also much higher than those in the PASP <80 mm Hg group, which again suggesting that the
etiology of PH and the severity of PASP are related to the prognosis of the newborn.

Although our center has accepted an increasing number of patients from surrounding area since 1993 and
41.6% of them were admitted to ICU during the pregnant and postpartum period, mortality had been
decreasing from 7.69% to 2.30%. The use of advanced medication is supposed to the success. Sildenafil
(phosphodiesterase inhibitor type 5, PDE5I) and Treprostinil/Remodulin (prostaglandin I2 analogue) are
common pulmonary vascular targeted drugs, which could expand blood vessels as endothelin receptor an-
tagonists do, thereby increasing the tolerance of pulmonary arteries. We started to use them in 2005, and
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since then the mortality has decreased. In addition, it is reported that the incidence of venous thromboem-
bolism during pregnancy and puerperium is about 0.05˜0.03%, and thrombosis is one of the common causes
of death in pregnant women with pulmonary hypertension. According to the ESC guidelines, the risk of
venous thromboembolism should be assessed for every pregnant woman[4]. For those who need to prevent
thrombosis, after eliminating contraindications, low molecular heparin should be used. An overall of 16.9%
women have used Anticoagulant drugs in our center, which has risen from 7.7% in the first 10 years to 21.4%
in the latest 10 years. There were no reports of thrombosis during pregnancy in our study.

The increasing rate of rescue efficiency was not only associated with advanced medications, but with effective
management network for critically ill pregnant women, which has been put into use since 2007, and through
which women with severe diseases in local hospital could be transferred. Our hospital is one of the assigned
expert centers for pregnancy with cardiac diseases. In our center, over 80% of pregnant women had regular
check-ups during pregnancy, while about one-fifth of women (18.7%) didn’t have regular follow-ups. Women
in our center receive electrocardiography and echocardiogram routinely no matter they had complains. As
almost half (41.6%) of pulmonary hypertension was diagnosed during the pregnant period, we recommend
that women should receive echocardiogram after getting pregnant if permitting.

There is no common statement about when and how to terminate the pregnancy. ESC guidelines recommend
the optimal mode of delivery in women with PH should be decided depending on the condition of patients
by the pregnancy heart team. Although vaginal delivery is considered to have lower risk of hemorrhage,
infection and venous thromboembolism compared with delivery by cesarean[12][13], it could also cause pain
and increase intrathoracic pressures which may help to decrease venous return. After discussion with the
multidisciplinary team including senior obstetrician, anesthetist and expert cardiologist, vaginal delivery was
used in patients with aborted fetus and several cases with mild PH. Most of patients (551, 91.4%) in our
study received cesarean section, 21 of which were performed before 28 weeks, especially in those with severe
pulmonary hypertension and NYHA heart function of grade IV. The 2018 ESC guidelines also recommend
that if there are no contraindications, intraspinal anesthesia should be used. Therefore, our center uses
epidural/spine anesthesia in most cases (473/551, 85.8%). In the past, it was believed that local anesthetics
would produce volume vasodilatation and decrease the peripheral vascular resistance, leading to a sudden
drop in blood pressure. Therefore, in patients who need to maintain systemic circulation and peripheral
blood pressure and those who need emergency cesarean section, we use general anesthesia (78/551, 14.2%),
which were used more in Eisenmenger syndrome, connective tissue diseases and idiopathic PH. However,
studies have shown that the risk of death in PH patients receiving general anesthesia is four times that of
PH patients receiving intraspinal anesthesia [14], so the safety of general anesthesia remains to be explored.

Besides, because CHD was reported as the leading cause of maternal death in our study, we explored
the maternal and fetal outcomes in different groups of women with CHD. As Eisenmenger’s syndrome is
contradicted for pregnancy due to its poor outcomes, our study showed that Eisenmenger’s syndrome was
associated with highest incidence of preterm birth and lowest birthweight, and was responsible for most
maternal death in the population of CHD. Ruling out Eisenmenger’s syndrome, the admission rate to ICU
was lower in pregnant women in the CHD group that has undergone surgery is higher than that in the CHD
group that has not undergone surgery. Therefore, CHD patients should try their best to undergo heart
surgery before considering pregnancy. However, there was no significant difference in maternal and infant
outcomes between the two groups. This may be quite related to the PASP values of the two groups.

In conclusion, due to the low incidence of PH in the overall population and specific concern in the pregnant
women, there was few prospective trials of risk factors in pregnant women with PH. Our study retrospectively
analyzed the possible risk factors for maternal mortality. We found that the maternal and infant prognosis in
patients with idiopathic PAH and PAH caused by connective tissue diseases was worse than that of the other
two groups. In the PH caused by CHD, Eisenmenger syndrome resulted in the worst prognosis. including
the delayed diagnose time, the etiology of disease and severity of PASP. We believe that the cause of PAH
and the severity of PASP are related to the maternal and infant outcome. It is of chief importance to manage
the patients and improve their life. We hope that these successful management could provide experience for
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hospitals in the rural areas.

Conclusion

This retrospective study analyzed all PH pregnant women in a pregnancy complicated heart disease center
since its establishment in China. The mortality rate was relatively lower than previously reported. Neverthe-
less, in Eisenmenger syndrome, PH secondary to connective tissue disease and idiopathic PH, the maternal
mortality rate is still very high. In addition to the use of PAH-targeted drugs, we believe that standardized
maternal management strategies can also help reduce mortality, including screening for heart disease and
effective transport of critically ill patients. The maternal and infant outcome is related to the cause of the
disease and the severity of PASP.
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Table

Table 1 Baseline characteristics of 603 women with PH

Variable Total n=603 CHD PH n=398 LHD PH n=175 CNT PH n=10 I-PH n=20

Age, years 28.49±4.89 27.59±4.41* 30.23±5.36* 29.70±5.60 30.65±4.78
Nulliparous, % 449(74.5) 312(78.4)* 119(68)* 7(70) 11(55)
Timing of
diagnosis, %
before
pregnancy, %

352(58.4) 252(63.8) 96(54.9) 1(10) 3(15)

during
pregnancy, %

251(41.6) 146(36.7) 79(45.1) 9(10) 17(85)

Receive
surgery before
pregnancy, %

192(31.8) 140(35.2) 52(29.7) 0(0) 0(0)

PASP, mmHg 54.39±24.24 53.10±24.92** 51.55±19.88** 75.45±15.48** 67.15±37.69
PASP[?]49
mmHg, %

357(59.2) 245(61.5) 101(57.7) 0(0) 11(55)

50[?]PASP[?]79
mmHg, %

155(25.7) 94(23.6) 54(30.9) 5(50) 2(10)
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. Variable Total n=603 CHD PH n=398 LHD PH n=175 CNT PH n=10 I-PH n=20

PASP [?]80
mmHg, %

91(15.1) 59(14.8) 20(11.4) 5(50) 7(35)

NYHA class
III/IV before
pregnancy, %

17(2.8) 6(1.5)** 10(5.7)** 1(10) 0(0)

NYHA class
III/IV during
pregnancy, %

103(17.1) 38(9.5)** 54(30.9)** 3(30) 8(40)**

Regular
follow-up
during
pregnancy, %

490(81.3) 332(83.4) 138(78.9) 5(50) 15(75)

Medications
Diuretics**, % 196(32.5) 108(27.1) 71(40.6) 7(70) 10(50)
Digoxin**, % 69(11.4) 33(8.3) 32(18.3) 0(0) 4(20)
PDE5I**, % 43(7.1) 32(8.0) 2(1.1) 2(20) 7(35)
Antithrombotic

agents**, %

102(16.9) 55(13.8) 39(22.3) 2(20) 6(30)

*: Was found to be significantly different from other two groups on post hoc analysis(P ¡0.001.

**: Was found to be significantly different from other two groups on post hoc analysis(P ¡0.05.

Table 2 Baseline characteristics of 398 women with PAH resulting from CHD

Variable Total n=398 E-CHD n=46 A-CHD n=142 O-CHD n=210 P

Age, years 27.59±4.41 25.85±3.79 27.92±4.07 27.74±4.69 ¡0.001
nulliparous, % 312(78.4) 39(84.8) 119(83.8) 154(73.3) 0.034
PASP*, mmHg 53.10±24.92 89.32±25.45 48.47±21.49 48.64±20.46 ¡0.001
PASP[?]49
mmHg, %

245(61.5) 1(2.2) 99(69.7) 145(69) -

50[?]PASP[?]79
mmHg, %

94(23.6) 13(28.3) 32(22.5) 49(23.3) -

PASP [?]80
mmHg, %

59(14.8) 32(69.6) 11(7.7) 16(7.6) -

NYHA class
III/IV before
pregnancy, %

6(1.5) 2(4.3) 1(0.7) 3(1.4) 0.204

NYHA class
III/IV at
pregnancy, %

38(9.5) 16(34.8) 7(4.9) 15(7.1) ¡0.001

Regular
follow-up
during
pregnancy, %

332(83.4) 25(54.3) 140(91.5) 177(84.3) ¡0.001

Medications
Diuretics, % 108(27.1) 28(60.9) 26(18.3) 54(25.7) ¡0.001
Digoxin, % 33(8.3) 9(19.6) 10(7.0) 14(6.7) 0.025
PDE5I, % 32(8.0) 10(21.7) 13(9.2) 9(4.3) 0.001
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. Variable Total n=398 E-CHD n=46 A-CHD n=142 O-CHD n=210 P

Antithrombotic
agents, %

55(13.8) 10(21.7) 26(18.3) 19(9.0) 0.012

*: Was found to be significantly different from other two groups on post hoc analysis(P ¡0.001.

Table 3 Maternal and fetal outcomes in 603 women with PH

Variable Total n=603
CHD PH
n=398

LHD PH
n=175 CNT PH n=10 I-PH n=20 P-value

Abortion, % 50(8.3) 26(6.5) 15(14.5) 7(70) 2(10) ¡0.001
Gestational
age at
delivery,
weeks

36.87±2.71 37.12±2.49 36.68±2.83 32.91±2.36 33.92±3.70 ¡0.001

Cesarean
rate, %

551(91.4) 371(93.2) 158(90.3) 7(70) 15(75) 0.004

GA during
cesarean, %

78(14.2) 42(11.3) 26(16.5) 4(57.1) 6(40) ¡0.001

Maternal
outcomes
Maternal
death, %

18(3.0) 10(2.5) 5(2.9) 1(10) 2(10) 0.105

Heart
failure, %

51(8.5) 15(3.8) 30(17.1) 2(20) 4(20) ¡0.001

PE, % 43(7.2) 24(6.0) 10(5.7) 3(30) 6(30) ¡0.001
FGR 21(3.5) 19(4.8) 0(0) 0(0) 2(10) ¡0.001
Admission
to ICU, %

251(41.6) 143(35.9) 83(47.4) 10(100) 15(75) ¡0.001

Fetal
outcomes
Birthweight,
g

2715±675.00 2760±653.89 2686.80±681.44 1861.67±254.18 2169.17±787.35 0.001

Birthweight
¡2500g, %

156(27.8) 92(24.5) 54(32.9) 3(100) 7(38.9) 0.005

Preterm
delivery, %

193(32.0) 111(27.9) 66(37.7) 3(30) 13(65) 0.001

Table 4 Maternal and fetal outcomes in 398 women with PAH resulting from CHD

Variable Total n=398 E-CHD n=46 A-CHD n=142 O-CHD n=210 P

Gestational
age at delivery

36.08±4.74 30.54±7.01 36.63±3.97 36.92±3.71 ¡0.001

Cesarean rate 371(93.2) 39(84.8) 133(93.7) 199(94.8) 0.06
GA during
cesarean, %

42(11.3) 18(45.0) 8(6.0) 17(8.5) ¡0.001

Maternal
outcomes
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. Variable Total n=398 E-CHD n=46 A-CHD n=142 O-CHD n=210 P

Maternal
death, %

10(2.5) 7(15.2) 2(1.4) 1(0.5) ¡0.001

Heart failure,
%

15(3.8) 7(15.2) 2(2.1) 5(2.4) 0.001

PE, % 24(6.0) 3(6.7) 9(6.3) 12(5.7) 0.869
FGR, % 19(4.8) 5(11.1) 4(2.8) 10(4.8) 0.074
Admission to
ICU, %

143(35.9) 42(91.3) 32(22.5) 69(32.9) ¡0.001

Fetal outcomes
Abortion, % 26(6.5) 13(28.3) 6(4.2) 7(3.3) ¡0.001
Birthweight, g 2760±653.89 1670±858.28 2773.37±755.10 2779.16±685.53 ¡0.001
Birthweight
¡2500g, %

92(24.5) 25(75.8) 26(19.1) 38(18.7) ¡0.001

Preterm
delivery, %

111(27.9) 26(56.5) 33(23.2) 52(24.8) ¡0.001
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Figure1 the distribution of use of medications based on years
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Figure 2 Indications of cesarean in 551 women with PH
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Figure 3 The etiology of 18 deaths
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Figure 4 The distribution of number of deaths and mortality
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Figure 5 Comparison of maternal and fetal outcome in the study population based on the PASP.

Figure 6 Comparison of maternal and fetal outcomes between CHD after surgery and other CHD
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