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ABSTRACT

Background: Pregnant women with pulmonary arterial hypertension associated with congenital heart diseases (PAH-CHD)
have a high incidence of mortality and adverse outcomes for mother and child.

Methods: We retrospectively examined the treatment strategies and the outcomes of pregnancy in patients with pulmon-
ary arterial hypertension managed at a single clinical hospital from 2009 to 2018.

Results: Analysis of all 102 patients with PAH-CHD in pregnancy showed that maternal and newborn death from the
disease was low (<3%, 3/102) compared to rates previously reported. Although patients with mild pulmonary
hypertension can deliver a newborn safely, those with moderate to severe pulmonary artery pressure (PAP), and high
functional class tend to have a high risk of heart failure. Medications were selectively administered to patients with more
severe disease, and it was, therefore, challenging to make a universal statement on their benefit, but they appear having
some benefits in improving birth outcomes for mother and child. While some treatments such as anti-coagulant therapy
during pregnancy, and oxytocin after delivery, did not improve the health outcome of pregnant women but seemed to
provide some benefits to the newborns.

Conclusion: Our retrospective analysis of existing clinical data provides preliminary results for further studies to formally

evaluate the efficacy of clinical management of patients with pulmonary arterial hypertension.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is "a syndrome re-
sulting from restricted flow through the pulmonary arter-
ial circulation resulting in increased pulmonary vascular
resistance and ultimately in the right heart failure” (1),
according to the American Heart Association (2009). Itisa
common complication of congenital heart disease (CHD)
(2). A large European Registry and database of EuroHeart
Survey estimate the overall prevalence of PAH in adult pat-
ients with CHD is 4% (3,4). Individuals with PAH-CHD are
associated with a high risk of adverse outcomes in pregna-
ncy. The maternal mortality rate in patients with PAH had
been estimated to be approximately 30-36% (5). During
pregnancy, the change in hemodynamic and endocrine res-
ults in elevated pulmonary vascular resistance, which app-
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ears detrimental to these patients. Without timely and effe-
cttive treatment, the pregnant patients with PAH-CHD oft-
en end up with right ventricular (RV) failure and, ultimate-
ly, death (6, 7). Therefore, pregnancy should be discourag-
ed for individuals at high risk of these conditions (1, 8).

While still lacking effective drugs and research method-
ology (9), the maternal and fetal outcomes of patients with
PAH-CHD have improved over the past decades (10, 11).
The improved outcome is mostly due to the development
of multidisciplinary clinical management, improvements
in obstetric and anesthetic management, and an increased
understanding of cardiopulmonary pathophysiology, and
in particular, with the development of new advanced ther-
apies for PAH. As a less developed country, Chinese fami-
lies have a strong preference for a woman having a child,
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and many women with PAH-CHD chose to carry and deli-
ver a baby, and women with PAH-CHD still choose to have
a baby. To better understand whether contemporary ther-
apies for pregnant patients with PAH-CHD have improved
the maternal and fetal outcomes, we collected data for pat-
ients treated at the Second Xiangya Hospital of Central
South University in China from 2009 to 2018. We aimed to
assess the maternal and fetal outcomes of pregnant pati-
ents with PAH-CHD in association with management strat-
egies at the hospital and to obtain information to facilitate
the management of pregnant patients.

METHODS
Dataset

The data used for the analysis included pregnant patients
with PAH-CHD treated at the Second Xiangya Hospital of
Central South University from January 2009 to December
2018. All patients were identified through a review of the
hospital database. The diagnosis was established based on
clinical history, physical examination, and echocardiogra-
phy examination performed during pregnancy. Patients
who were diagnosed with PAH-CHD before or during preg-
nancy were selected. We reviewed the medical records of
all patients and collected information on the gestational
age at presentation, echocardiograph, PAH-specific thera-
py received methods of delivery, complications, and mate-
rnal and fetal outcomes. We retrospectively analyzed the
factors for association with heart failure and examined the

impact of targeted treatment on maternal and fetal out-
comes.

The Ethics Committee of the Second Xiangya Hospital of
Central South University approved the study and all the
medical records of these patients are stored in the hospital.

Data analysis

We carried out descriptive studies and calculated mean
and SD for continuous variables and frequency for dicho-
tomous variables. We performed statistical tests using
Student's T-test, Chi-Squared, or Fisher's exact test as app-
ropriate to determine if there were any significant asso-
ciations. The data analyses were performed using SPSS
Statistics 19 (Las Vegas, Nevada, USA)

RESULTS
Patients' baseline characteristics

Table 1 presents the characteristics of patients with PAH
at baseline. There were 102 pregnant patients identified,
of which 21% (21/102) experienced heart fail-ure,
including three patients who ended with maternal deaths.
Overall, patients were very similar in the mean age,
gravidity, and parity between patients whose pregnancy
resulted in maternal deaths. The mean age was 28.19 years
and 27.52 years in patients of PAH-CHD with and without
heart failure, respectively. While the average of gravidity
was around two, the mean number of parities was only 0.3
in both groups; there was a similar pattern in the time of
diagnosis before or during pregnancy.

Table 1. Baseline characteristic of PAH-CHD patient with or without heart failure

No heat failure (N=81)

Heart failure (N=21)

Mean %/Mean SD Mean %/Mean SD P
Age (years) 81 28.19 5.51 21 27.52 6.37 0.424
Gravidity 81 2.15 1.25 21 1.9 1.3 0.850
Parity 81 0.32 0.52 21 0.33 0.65 0.43
Sp02 during pregnancy (%) 81 94.94 5.09 21 88.24 7.78 <0.001
Parity 81 0.32 0.52 21 0.33 0.65 0.430
Type of cardiac malformation
Ventricular septal defect (VSD) 31 0.38 11 0.52 0.250
Atrial septal defect (ASD) 31 0.38 5 0.24
Patent ductus arteriosus (PDA) 6 0.07 1 0.05
Tetralogy of Fallot (TOF) 6 0.07 0 0.00
Valvular heart disease 3 0.04 1 0.05
Single ventricle 1 0.01 2 0.10
Single atrium 1 0.01 1 0.05
Marfa's syndrome 2 0.02 0 0.00
Time of diagnosis of CHD-PAH
Before pregnancy 22 0.28 4 0.19 0.579
During pregnancy 59 0.73 17 0.81
Surgery before pregnancy 27 0.33 3 0.14 0.111
NYHA classification
I-1I 62 0.77 1 0.05
1-1IV 19 0.23 20 0.95
Pulmonary artery pressure (PAP)
25-49(mmHg) 68 0.84 9 0.43 <0.001
50-79(mmHg) 7 0.09 9 0.43
>80(mmHg) 6 0.07 3 0.14

*NYHA, New York Heart Association functional class:

Class I - No symptoms and no limitation in ordinary physical activity, e.g., shortness of breath when walking, climbing stairs, etc.

Class III - Marked limitation in an activity due to symptoms, even during less-than-ordinary activity, e.g., walking short distances

1)
2) ClassII - Mild symptoms (mild shortness of breath and /or angina) and slight limitation during ordinary activity.
3)
(20—100 m). Comfortable only at rest.
4) Class IV - Severe limitations. Experiences symptoms even while at rest — mostly bedbound patients.

www.gcatresearch.com

30


http://www.gcatresearch.com/

Zhang, et al

Global Clinical and Translational Research 2020; 2(2): 29-37

Several baseline factors appeared different between indi-
viduals with and without heart failure. Both ventricular
septal defect (VSD) and arterial septal defect (ASD) occur-
red in 38% of patients without heart failure, and occurred
at 52% and 23% in the patients with heart failure. In add-
ition, pregnant patients with heart failure appeared less
likely to have surgery before pregnancy (14 %) than those
(33%) without heart failure. NYHA functional class III-IV
accounted for 95% of patients with heart failure and 23%
of the patients without heart failure. The distribution of
pulmonary artery pressure (PAP) was also significantly
different between individuals with and without heart fail-
ure (Table 1). Patients without heart failure were more
likely associated with low PAP at 25-49 mmHg (84%), whi-
ch was a much higher prevalence than patients with heart
failure having PAP at 25-49 (43%).

Aadvanced therapy and maternal and birth out-comes

Table 2 presents the management of patients with PAH-
CHD and methods of the newborn delivery by heart failure.
Majority of patients with heart failure had used prostagl-
andin (71%, 15/21), sildenafil (52%, 11/21), and diuretics
(71%, 15/21), while corresponding usages were 21%
(17/81),14% (11/81) and 30% (24/81) in individuals wi-
thout heart failure. Antithrombotic treatment was also
more frequently used (52%, 11/21) in individuals without
heart failure. These differences may indicate selective use
of the advanced therapy according to the disease severity
at baseline, and should not be interpreted as treatment
effect. Also, the majority of patients (81-86%) used oxyto-
cin regardless of heart failure.

Table 2. Managements of PAH-CHD patients with or without heart failure

No heart failure (N=81)

Heart failure (N=21)

N % N % P
Advanced therapy for PAH
Nitric oxide 0 0 2 0.1 0.041
prostaglandin 17 0.21 15 0.71 <0.001
Sildenafil 11 0.14 11 0.52 <0.001
Diuretics 24 0.30 15 0.71 <0.001
Calcium channel blockers 1 0.01 2 0.1 0.107
Antithrombotic therapy 27 0.33 11 0.52 0.132
Oxytocin 70 0.86 17 0.81 0.504
Admission to ICU 20 0.25 18 0.86 <0.001
Method of delivery
Abortion 9 0.11 0 0 0.048
Vaginal 10 0.12 0 0 0.007
Cesarean section 62 0.77 21 1 0.048
Anesthesia
N/A 0 0.11 0 NA
Regional Anesthesia 22 0.27 5 0.24 0.094
General Anesthesia 50 0.62 16 0.2 0.138

The method of delivery was quite different between two
groups of patients. All 21 patients with heart failure had a
Caesarean section, while 77% of patients without heart fai-
lure had Caesarean section delivery. This might be due to
the severity of disease in patients, because patients with
heart failure had worse conditions at baseline (Table 1).

Table 3 presents the maternal and fetal outcomes by heart
failure in pregnant patients with PAH. Three maternal dea-
ths (3/21; 14%) occurred, and all were in patients with
heart failure, and they died on day 6, 7, and 8 after delivery.
There were 21 (20.59%) patients whose pregnancy ended
with miscarriage; three (14%, n=21) were from patients
with heart failure, and 18 (22%, n=81) were from patients
without heart failure.

While some pregnancy complications seemed different in
patients with or without heart failure, but only the pulmo-
nary infection were different (Table 3). We noted some dif-
ferences between patients with heart failure and those wi-
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thout in the outcomes such as pulmonary infections (33%
vs. 6%), fetal growth restriction (19% vs. 7%), preeclam-
psia (10% vs. 5%), premature delivery (43% vs. 25%), and
newborn death (10% vs. 6%) , these were not significantly
different, which is likely due to the small sample size. Other
pregnancy complications including pulmonary embolism
and postpartum hemorrhage appeared similar in both gro-
ups, but the rates of occurrence were quite low (<=5%).

In China, fetuses delivered before 28 weeks are classified
as abortions, 21 patients who failed to continue their pre-
gnancy past 28 weeks were excluded for analysis of birth
outcomes, but they were not counted as newborn deaths.
We noted that patients with heart failure tend to have a low
birth weight (mean=2312.78; SD=561.77) and poorer Ap-
gar score at 1 minute (Mean=6.61; SD=2.62), both were
below the normal weight (2500g) and healthy Apgar score
(at or above 7).
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Table 3. Maternal and birth outcomes of PAH-CHD patients by heart failure

No heart failure (N=81)

Heart failure (N=21)

N %/Mean SD N %/Mean SD P
Maternal outcomes
Maternal death 0 0.00 3 0.14 0.008
Pulmonary infection 5 0.06 7 0.33 0.002
Pulmonary embolism 0 0.00 1 0.05 0.206
Preeclampsia 4 0.05 2 0.10 0.600
Fetal growth restriction 6 0.07 4 0.19 0.209
Postpartum hemorrhage 2 0.02 1 0.05 0.503
Miscarriage 18 0.22 3 0.14 0.248
Fetal malformation 4 0.05 1 0.05 1.000
Premature delivery 20 0.25 9 0.43 0.248
Newborn death 5 0.06 2 0.10 0.648
Newborn weight (g) 63 2705 815 18 2313 562 0.059
Apgar score 1 minute 63 7.72 2.51 18 6.61 2.62 0.104
Apgar score 5 minute 63 9.08 2.71 18 8.28 3.12 0.288

* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21); Miscarriage, delivery before 28 gestational
weeks; premature delivery, delivered between 28-37 gestational weeks.

Patient characteristic associated with maternal and
birth outcomes

Because NYHA functional class was different between the
statuses of heart failure, we examined the maternal and
newborn outcomes by NYHA functional class at baseline.
We noted a marked difference between NYHA functional
class I1I-1V (n=39) and I-1I (n=63) in pregnant complicatio-
ns and outcomes such as premature delivery (44% vs.
19%), pulmonary infections (18% vs. 8%), fetal growth re-
striction (13% vs. 8%), malformation (8% vs. 3%),
preeclampsia (8% vs. 5%), and embolism (3% vs. 0%)
(Table 4).

We did not note differences in other pregnant outcomes, in
particular, miscarriage between functional classes because
the frequency of miscarriage (21%) was equally common

in both groups. The functional class appeared affecting the
newborn outcomes in birth weight and poorer Apgar sco-
res. Patients with HYHA functional class of III-IV tend to
have babies with lower birth weight (Mean=2,318g, SD=
624), below the normal birth weight defined as 2,500g, and
poorer Apgar score at 1 minute, which the mean score was
6.61, lower than the healthy level of 7.

Different from NYHA functional class, an elevated level of
PAP was associated with having a miscarriage and pre-
mature delivery (Table 5). We noted a marked difference
between different level of PAP such as miscarriage (12%
vs. 25% vs. 33%) and premature delivery (26% vs. 44% vs.
22%).

Table 4. Maternal and newborn outcomes of PAH-CHD patients by NYHA functional class

NYHA I-11(n=63)

NYHA HI-IV(n=39)

N %/Mean SD N %/Mean SD P
Maternal death 0 0.00 3 0.08 0.053
Maternal pulmonary infection 5 0.08 7 0.18 0.204
Maternal pulmonary embolism 0 0.00 1 0.03 0.382
Preeclampsia 3 0.05 3 0.08 0.672
Fetal growth restriction 5 0.08 5 0.13 0.500
Postpartum hemorrhage 2 0.03 1 0.03 1.000
Miscarriage 13 0.21 8 0.21 0.019
Fetal malformation 2 0.03 3 0.08 0.368
Premature delivery 12 0.19 17 0.44 0.019
Newborn death 3 0.05 4 0.10 0.419
Newborn weight (g) 50 2804 815 31 2319 624 0.006
Apgar score 1 minute 50 8.01 2.27 31 6.61 2.79 0.016
Apgar score 5 minute 50 9.34 2.40 31 8.19 3.29 0.074
* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21).
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Management of patients with maternal and birth
outcomes

We examined the use of medications in managing the clin-
ical symptoms in patients, maternal and fetal outcomes,
and birth outcomes. Three medications were used on pati-
ents, prostacyclin analogs (prostaglandin), sildenafil, and
diuretics. The use of prostaglandin appeared higher in pat-
ients with more severe NYHA functional class, an elevated
level of PAP, heart failure, maternal death, maternal mis-
carriage, and premature delivery, which mightbe all due to
the selective use by disease severity (Table 6). Even so,

fetal growth restriction, fetal malformation, and newborn
death were similar between patients treated with and
without the use of prostaglandin. While the use of sildenafil
seemed more frequent with maternal outcomes such as
maternal death, miscarriage, and premature delivery, it
appeared not to increase negative consequences such as
fetal growth restriction, fetal malformation, and newborn
death (Table 7). Of those who were administered diuretics,
miscarriage was more frequent, but premature delivery
and fetal outcomes such as fetal growth restriction, fetal
malformation, and newborn death were not increased,
although this was based on a small sample size (Table 8).

Table 5. Maternal and newborn outcomes of PAH-CHD patients by pulmonary artery pressure

PAP (mmHg) 25-49 (N=77) 50-79 (N=16) >80 (N=9)

N %/Mean SD N % SD N % SD P
Maternal death 2 0.03 1 0.06 0 0.00 0.856
Maternal pulmonary infection 7 0.09 5 0.31 0 0.00 0.249
Maternal pulmonary embolism 1 0.01 0 0.00 0 0.00 0.685
Preeclampsia 5 0.06 1 0.06 0 0.00 0.677
Fetal growth restriction 6 0.08 3 019 1 0.11 0.812
Postpartum hemorrhage 2 0.03 1 0.06 0 0.00 0.856
Miscarriage 10 0.12 4 025 3 0.33 <0.001
Fetal malformation 3 0.03 1 0.06 1 0.11 0.491
Premature delivery 20 0.26 7 044 2 0.22 <0.0001
Newborn death 6 0.08 1 0.06 0 0.00 0.419
Newborn weight (g) 60 2680 801 19 2441 741 2 2440 354 0.725
Apgar score 1 minute 60 7.56 2.67 19 721 2.35 2 7.50 0.71 0.131
Apgar score 5 minute 60 8.88 3.01 19 8.89 2.31 2 9.50 0.71 0.046

* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21).

Table 6. Maternal and newborn outcomes of PAH-CHD patients by use of prostaglandin

No prostaglandin (N=70)

Used prostaglandin (N=32)

N %/Mean SD N %/Mean SD P
NYHA classification
I-11 55 0.79 8 0.25 <0.001
r-1v 15 0.21 24 0.75
PAP (mmHg)
25-49 59 0.84 11 0.34 <0.001
50-79 8 0.11 15 0.47
>80 3 0.04 6 0.19
Heart Failure 6 0.09 15 0.47 <0.0001
Patients’ outcomes
Maternal death 0 0.00 3 0.09 0.009
Miscarriage 12 0.17 9 0.28 0.007
Premature delivery 15 0.21 14 0.44 0.006
Fetal growth restriction 7 0.10 3 0.09 1.000
Fetal malformation 4 0.06 1 0.03 1.000
Newborn death 4 0.06 3 0.09 0.399
Newborn weight (g) 58 2784 736 23 2200 745 0.002
Apgar score 1 minute 58 7.85 2.36 23 6.52 2.84 0.034
Apgar score 5 minute 58 9.24 2.55 23 8.04 3.28 0.083

* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21).

Antithrombotic therapy

Antithrombotic use was related to the severity of disease,
so patients with more likelihood of having heart failure
were more often treated with antithrombotic medication.
Therefore, premature delivery was higher (45%, 17/38) in
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individuals who used antithrombotic drug than those
(19 %, 12/64) who did not use, probably due to the
selective effect. We did not observe a marked difference in
other maternal outcomes and fetal outcomes, as well as
birth outcomes such as birth weight and Apgar score at 1
minute (Table 9).
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Table 7. Maternal and newborn outcomes of PAH-CHD patients with or without using sildenafil

No sildenafil (N=80)

Used sildenafil (N=22)

N %/Mean SD N %/Mean SD P
NYHA classification
[-11 58 0.73 5 0.23 <0.001
1I-1v 22 0.28 17 0.77
PAP (mmHg)
25-49 62 0.78 8 0.36 0.001
50-79 14 0.18 9 0.41
=80 4 0.05 5 0.23
Heart Failure 10 0.13 11 0.50 <0.001
Patients’ outcomes
Maternal death 2 0.03 1 0.05 0.615
Miscarriage 12 0.15 8 0.37 0.012
Premature delivery 22 0.28 7 0.32 0.015
Fetal growth restriction 9 0.11 1 0.05 0.686
Fetal malformation 5 0.06 0 0.00 0.582
Newborn death 6 0.08 1 0.05 1.000
Newborn weight (g) 68 2667 795 13 2360 664 0.195
Apgar score 1 minute 68 7.65 2.57 13 6.54 2.37 0.150
Apgar score 5 minute 68 9.01 2.85 13 8.31 2.63 0.409

* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21).
Table 8. Maternal and newborn outcomes of PAH-CHD patients by use of diuretics
No diuretics (N=63) Used diuretics (N=39)

N %/Mean SD N %/Mean SD P
NYHA classification
I-11 50 0.79 13 0.33 <0.001
I-1v 13 0.21 26 0.67
PAP (mmHg)
25-49 48 0.76 22 0.56 0.110
50-79 11 0.17 12 0.31
=80 4 0.06 5 0.13
Heart failure 6 0.10 15 0.38 <0.0001
Patients’ outcomes
Maternal death 0 0.00 3 0.08 0.025
Miscarriage 16 0.25 5 0.13 0.022
Premature delivery 12 0.19 17 0.44 0.023
Fetal growth restriction 6 0.10 4 0.10 1.000
Fetal malformation 3 0.05 2 0.05 1.000
Newborn death 3 0.05 4 0.12 0.446
Newborn weight (g) 47 2704 802 34 2500 745 0.248
Apgar score 1 minute 47 7.97 2.34 34 6.79 2.72 0.041
Apgar score 5 minute 47 9.3 2.47 34 8.35 3.18 0.136

* Patients who delivered before 28 gestational weeks were excluded as abortion (n=21).

DISCUSSION
Maternal outcome

This study examined treatment strategies and outcomes of
pregnancy in 102 patients with pulmonary arterial hyper-
tension managed at a single clinical hospital from 2009 to
2018. We found the mortality rate was 4.3%, that 20.59%
of patients had heart failure, and 20.59% of then had an
abortion before 28 gestational weeks. Despite a small sam-
ple size from a single clinical institution, the mortality was
significantly lower than previously reported (13). Our
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study also supports the finding that maternal mortality
associated with PAH-CHD has decreased over the last ten
years, as previously reported (14). The three factors rela-
ted to heart failure, NYHA functional class, and levels of
PAP were associated with the risk of miscarriage and pre-
mature delivery. Higher NYHA functional class puts pati-
ents at a higher risk of having an underweight birth. Thisis
consistent with the consensus that pregnant women who
are NYHA functional class III-IV are at high risk for poor
maternal and neonatal outcomes.
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Table 9. Maternal and newborn outcomes of PAH-CHD patients by antithrombotic use

No antithrombotic therapy (N=64)

Used antithrombotic therapy (N=38)

N %/Mean SD N %/Mean SD P
NYHA classification
I-11 43 0.67 20 0.53 0.206
I-1V 21 0.33 18 0.47
PAP (mmHg)
25-49 46 0.72 24 0.63 0.190
50-79 11 0.17 12 0.32
=80 7 0.11 2 0.05
Heart failure 10 0.16 11 0.29 <0.001
Patients’ outcomes
Maternal death 2 0.03 1 0.03 1.000
Miscarriage 14 0.22 7 0.18 0.802
Premature delivery 12 0.19 17 0.45 0.007
Fetal growth restriction 5 0.08 5 0.13 0.292
Fetal malformation 2 0.03 3 0.08 0.358
Newborn death 3 0.05 4 0.11 0.420
Newborn weight (g) 50 2877 583 31 2611 480 0.379
Apgar score 1 minute 50 8.31 1.27 31 7.96 1.04 0.211
Apgar score 5 minute 50 9.77 0.56 31 9.77 0.51 0.922

Fetal and birth outcome

Because the use of various medication would have been
due to the severity of disease at baseline, such as NYHA fu-
nctional class or level of PAP, it is hard to evaluate any ben-
eficial effects of medication on maternal outcomes, such as
pregnant complications, maternal death, miscarriage, and
premature delivery. However, our analysis showed that 1)
fetal outcomes such as growth restriction, malformation,
or newborn death were lower or at least not higher than
those who did not use advanced therapy; 2) that patients
who were administered diuretics had a lower rate of mis-
carriage than those who were not administered diuretics;
and 3) The three classes of medications in the advanced
therapy had a positive impact on birth outcome. Use of pro-
staglandin and sildenafil seemed to have infants with that
both mean birth weight and Apgar score at 1 minute below
normal or a healthy level, but women who had used diur-
etics tended to have babies with normal birth weight and
good Apgar score at 1 minute, despite being patients with
more severe symptoms of PAH.

Antithrombotic benefits

Antithrombotic treatment was associated with heart fail-
ure as well as with severe disease indicated by higher func-
tional class and higher levels of PAP. Individuals who were
administered antithrombotic therapy may have had a sev-
ere disease. Despite this, we observed that patients who
used antithrombotic therapy had no difference in maternal,
fetal, and birth outcomes except that premature delivery
was higher in individuals who used antithrombotic treat-
ment.

Since there is no standard anticoagulant therapy for preg-
nantwomen with PAH-CHD(15), patients without other th-
romboticrisk factors were administered a prophylactic do-
se (4000 IU QD) of low molecular weight heparin (LMWH).
Patients with a high risk of thrombosis, including those wi-
th a history of thromboembolic events or atrial fibrilation,
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were administered a therapeutic dose of LMWH (4000 IU
Q12 h) before delivery. Patients who took warfarin bef-ore
and during pregnancy were switched to heparin ther-apy
(0.5 mg/kg) 3 days before cesarean section. For these
patients, heparin therapy was continued for three days
after surgery, and warfarin treatment was restarted at 24
hours after surgery in the absence of high-risk factors for
bleeding. The dosages were adjusted based on the inter-
national normalized ratio (INR). Because the risk of venous
thromboembolism is 11-fold higher(16) in PAH patients
than in healthy patients during the perinatal stage, antico-
agulant therapy is strongly advocated(17).

LMWH does not cross the placental barrier, and thus is
generally recommended for the treatment of pregnant wo-
men with PAH-CHD, with variable dosage. However, as
postpartum hemorrhage can become a severe problem in
PAH-CHD patients intensively treated with anticoagulants,
the most effective and safest anticoagulant therapeutic
strategy has not yet been identified(18, 19). In this study,
one patient died of pulmonary thrombosis but did not re-
ceive any anticoagulant therapy; also, postpartum hemo-
rrhage was only noted in three patients, two in non-heart
failure and one in the heart failure. Although our study did
not specify the type and extent of anticoagulant therapy
used for pregnant patients with PAH-CHD, an appropriate
balance must be achieved between bleeding and throm-
botic risk.

Oxytocin use

Oxytocin did not increase the risk of heart failure in pre-
gnant patients. Oxytocin was used after delivery to prevent
postpartum hemorrhage in this sample of patients (81-
86%), as it may reduce the risk of postpartum hemorr-
hage (20). It seemed likely that this use of oxytocin might
be the reason that only three patients had a postpartum
hemorrhage in this analysis. Most of the patients were
administered with a low dose of oxytocin, 10 IU per day via
intravenous drop for three days after delivery.
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The usage of oxytocin in this post-partum interval might
raise some concern because there have been reports that
oxytocin can increase pulmonary vascular resistance and
reduce systemic vascular resistance, leading to tachycar-
dia, myocardial ischemia, and increased disease severity in
women with PAH-CHD (21-23). Unfortunately, we were
not able to collect the related data in this sample, although
a published review indicated that high dose oxytocin might
be more effective in preventing postpartum hemorrhage
(20). Of note, in our study, three patients were diagnosed
with postpartum hemorrhage, and none of them had rece-
ived oxytocin therapy after delivery.

While the use of medication for PAH treatment has impro-
ved pregnancy outcomes of patients with PAH-CHD, par-
ticularly reduction in maternal deaths. The long-term sur-
vival benefits offered by these therapies have not yet been
demonstrated (14, 24, 25). Because our data showed that
medications were only used to treat patients with severe
symptoms, the benefit of medications for all patients needs
to be assessed with a larger sample size in a prospective
study. There seemed to be no increase in the likelihood of
adverse fetal outcomes such as restricted fetal growth or
fetal malformations, but these impressions are based on a
small sample. It is worth noting that individuals who used
diuretics had a marked low frequency of miscarriage and
had no difference in birth weight and Apgar score.

Limitations

The observational study was for hypothesis generation
and the results are only suggestive and need to be valida-
ted with formal studies. This study included all 102 PAH-
CHD patients who had delivered at a single hospital from
January 2008 to December 2018; therefore, biases cannot
be ruled out. In retrospective descriptive analyses, confou-
nding effects may not be avoidable. Therefore, there is a
need for a larger prospective study. While we noted that
medications might have some benefits on maternal, fetal,
and birth outcomes, the fact that only patients with severe
symptoms received medication may have reduced our abi-
lity to find a more significant impact of their use.
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