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Potential impact of specific therapy on pregnant
women with pulmonary arterial hypertension without
cardiac shunt: a descriptive study in northern China
Weida Lua, Min Lib, Fuqing Jic, Hua Fengd, Guo Lie, Qiushang Jif, Hongyu Zhanga, Xiaopei Cuia,*

Abstract
Background: Pregnancy in women with pulmonary arterial hypertension (PAH) is a fatal condition, despite the effectiveness of
PAH-specific therapies. The coverage status and effect of specific therapies in pregnant patients with PAH without cardiac shunts in
China remain unclear. To investigate this issue, we conducted a multicenter retrospective study in northern China.

Methods: The study included 85 patients who were admitted to 4 clinical centers in Shandong Province between October 2010 and
August 2020. Maternal endpoint events included (1) maternal death and/or (2) major adverse cardiac events, both occurring during preg-
nancy or within 6 weeks postpartum.

Results: Although the overall mortality rate was encouraging (11.8%), the number of patients receiving PAH-specific therapies was ex-
tremely low (28.2%). Moreover, only 15.3%of patients received adequate duration of PAH-specific therapy (≥4weeks) before delivery, and
this subgroup showed the lowest major adverse cardiac events rate (7.7%) compared with that in the untreated (19.7%) and short-time
treated groups (<4 weeks; 54.5%).

Conclusion: Pregnant patients with PAH without cardiac shunts face significantly increased mortality risks. Short-term PAH-specific
therapy does not guarantee favorable maternal outcomes. Prepregnancy screening, early identification, and timely intervention are ex-
pected to improve maternal outcomes in pregnant women with PAH.
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Introduction

Pulmonary arterial hypertension (PAH) is a debilitating disease
characterized by progressive occlusive pulmonary vascular remod-
eling that eventually leads to right-sided heart failure and death.
Pregnancy imposes additional risks for fatal complications in female
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patients with PAH, including rapid deterioration of right-sided
heart function and maternal death, particularly during the late
stages of gestation and the peripartum period.[1] Maternal death
rates in patients with PAH can reach as high as 30% to 50%.[1,2]

Consequently, pregnancy is strongly discouraged in patients with
PAH as recommended by the 2015 and 2022 European Society of
Cardiology/EuropeanRespiratory Society guidelines for pulmonary
hypertension diagnosis and treatment.[3,4]

Despite these recommendations, the clinical management of
pregnancy-associated PAH may be difficult for some special rea-
sons. First, in certain countries or territories (including some under-
developed regions in China), the rate of therapeutic abortion in
pregnant patients with PAH remains low. This may be attributed
to local traditional beliefs and/or health care resource limitations.
For example, a retrospective investigation conducted by Luo et al.[5]

that included 79 PAH-complicated pregnancies in southern China
between 2004 and 2016 revealed that 72% of these patients contin-
ued their pregnancies, whereas only 23% opted for therapeutic
abortion. Similarly, in a study conducted in southern India that in-
cluded 73 women with pulmonary hypertension showed that more
than 90% of these patients proceeded with delivery or cesarean sec-
tion (C-section).[6] Second, PAH-associated pregnancies are some-
times inevitable as a significant number of cases remain symptom-
less, making the diagnosis of PAH challenging until cardiac function
deteriorates during pregnancy.[7,8] Third, some early symptoms of
PAH, such asmoderate exertion dyspnea, chest pain, and peripheral
edema, may be mistakenly interpreted as physiological conse-
quences of pregnancy, leading to a delayed diagnosis of PAH.[7,8]

Contemporary PAH-specific drug therapy has greatly improved
the prognosis of patients with general PAH.[9] Some of these drug
classes, including phosphodiesterase type 5 inhibitors (PDE5is)
and prostacyclin analogs (PGIs), can be administered to pregnant
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women. However, currently, no data from prospective studies on
the specific benefits of specific drug therapies on the clinical out-
comes of pregnant women with PAH were obtained. In a recent
study by Luo et al.,[5] an encouraging trend of decreased maternal
mortality (approximately 15%) in pregnant patients with PAH
was detected in comparison to previous data from developed coun-
tries (30%mortality) published a decade ago.[7,10–13] However, Luo
et al.[5] reported a remarkably low rate of coverage of the specific
drug therapy in these high-risk patients (30%); this starkly contrasts
with the data obtained from developed countries (80%).[7,10–13]

These results are paradoxical. It is important to note that patients
in Luo and colleagues’ cohort mainly had PAH associated with un-
corrected congenital heart diseases, andwhether the low coverage of
the PAH-specific therapy worsened the outcomes in pregnant pa-
tients with PAH without cardiac shunts is unclear.

Based on this information, we conducted amulticenter retrospec-
tive study in northern China to clarify whether pregnant patients
with PAH benefit from PAH-specific therapy.

Materials and methods

Data collection

This research was approved by the steering committee of Institu-
tional Human Ethics Committee of Qilu Hospital (reference no.
2018-155) andwas approved by the ethics committee at each partic-
ipating center. Written informed consent was waived owing to the
anonymized retrospective nature of the analysis. The medical re-
cords of pregnant women diagnosed with PAH were retrieved from
4 clinical centers: Qilu Hospital of Shandong University, Shandong
Provincial Hospital Affiliated to Shandong FirstMedical University,
Shandong Provincial Qianfoshan Hospital, and Affiliated Hospital
of Qingdao University. This study included patients who were ad-
mitted for hospitalization between October 2010 and August
2020. The retrieved medical records were reviewed, and only group
1, patients with PAH without cardiac shunts, were included (idio-
pathic PAH, familial PAH, PAH associated with corrected congen-
ital heart disease, and PAH associated with connective tissue dis-
eases). All patients who received right-sided heart catheterization
(RHC) (either before pregnancy or after parturition) andmet the di-
agnostic criteria for PAH (mean pulmonary artery pressure of
≥25 mmHg and pulmonary artery wedge pressure of <15 mm Hg)
were included. The exclusion criteria were as follows: (1) patients di-
agnosed by using only echocardiography without catheterization
data; (2) group 1, PAH with uncorrected congenital heart diseases
(including Eisenmenger syndrome) and vasoreactivity testing–
positive idiopathic PAH; (3) group 2 (pulmonary hypertension due
to left heart disease), group 3 (pulmonary hypertension due to lung
diseases and/or hypoxia), or group 5, PAH (pulmonary hyperten-
sion with unclear, multifactorial mechanisms, or both) according
to the 2015 European Society of Cardiology/European Respiratory
Society guideline[3]; and (4) patients treated with therapeutic abor-
tion within the first trimester. For each patient, we collected data
on demographic characteristics, clinical history (including the history
of specific drug therapy), World Health Organization functional
class (WHO-FC), laboratory test data (including serum N-terminal
pro B-type natriuretic peptide [NT-proBNP] level, hemoglobin level,
and arterial partial pressure of oxygen [PaO2]), and various
echocardiography-derived parameters obtained before delivery (in-
cluding systolic pulmonary artery pressure [sPAP], right ventricle
[RV] diameter, and right atrial area [RAA]). The WHO-FC,
NT-proBNP, and RAA were included in the baseline severity assess-
ment. Patients with WHO-FC III/IV accompanied with either
NT-proBNP of >1400 pg/mL or RAA of >26 cm2 were defined as
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high-risk. Pulmonary arterial hypertension–specific therapy referred
to PDE5i, PGIs, postpartum endothelin receptor antagonists, or a
combination of them. Patients who received PAH-specific therapy
before or after delivery were included in the treatment group; the re-
maining patients were assigned to the untreated group. Patients who
received PAH-specific therapy ≥4weeks before delivery were defined
as long-treated, whereas those who received PAH-specific therapy
for less than 4 weeks before delivery were defined as short-treated.

Endpoint assessment criteria

Maternal endpoint events included (1) maternal death and/or (2) major
adverse cardiac events (MACEs), both occurring during pregnancy or
within 6 weeks postpartum. Major adverse cardiac events included the
deterioration of heart function (decline in WHO-FC, hypotension re-
quiring vasopressors, and cardiac shock), de novoarrhythmia (sustained
or nonsustained symptomatic arrhythmia), and cardiac arrest. The fetal/
neonatal endpoint events included (1) the presence of neonatal asphyxia
(Apgar score of ≤7) and/or (2) fetal or neonatal death.

Statistical analysis

Statistical analysis was performed using the SPSS software (version
13.0; Armonk, NewYork, NY, USA). Categorical data are presented
as counts or percentages. Normal distribution was evaluated using
the Kolmogorov-Smirnov test. Continuous variables were presented as
mean with SD when distributed normally or as median with interquar-
tile range. Categorical parameterswere compared using Fisher exact test
or Chi-squre test where appropriate. Continuous parameters were com-
pared using Mann-Whitney U test or Kruskal-Wallis test where appro-
priate. Bonferroni test was carried out for post hoc analysis when neces-
sary. Univariate and multivariate logistic regression analyses were used
to identify clinical parameters associated with MACEs; parameters sig-
nificant on the multivariate analysis were included in propensity score
matching (PSM),whichwas used to control confounding factors. Paired
patients were matched based on propensity scores using a standard cal-
iper width of 0.15. Statistical comparisons between the propensity-
matched samples were performed using the aforementioned methods.
P < 0.05 was considered statistically significant.

Results

Baseline characteristics

The inclusion flowchart is shown in Fig. 1. The baseline characteris-
tics and key clinical data of the 85 patients are summarized in Table
1. Only 24 patients received PAH-specific therapy. In all 85 patients,
C-section was performed, with only 9.4% of which performed for
therapeutic abortion. Compared with the untreated group, the
treated group comprised older individuals (31 [26, 33] years vs.
27 [24, 31] years; P = 0.029) with higher sPAP (98 [78, 105] mm
Hg vs. 73 [59, 88] mm Hg; P < 0.001) and larger RV diameter
(32 [27, 37] mm vs. 28 [23, 33] mm; P = 0.010). Although no signif-
icant difference was detected, the treated group comprised a higher
proportion of patients under general anesthesia and those classified
asWHO-FC III/IV (worse cardiac FC). The 2 groups were compara-
ble in PAH etiology composition, weeks of gestation upon delivery,
percentage of nulliparous and de novo diagnosed PAH during preg-
nancy, NT-proBNP levels, and hemoglobin levels.

PAH-specific therapy not affecting overall maternal and
fetal outcome

Patients in the treated group showed lower incidence of postpartum
hemorrhage/thromboembolism (0.0% vs. 14.8%; P = 0.042); how-
ever, no significant difference was detected in the MACEs (19.7%
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Figure 1. Study population and process of inclusion. CTEPH, chronic thromboembolic pulmonary hypertension; PAH, pulmonary arterial hypertension; PH,
pulmonary hypertension; RHC, right-sided heart catheterization.
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vs. 29.2%; P = 0.344) and mortality rates (9.8% vs. 16.7%;
P = 0.458) between the untreated and treated groups. Contrary to
expectations, the treated group exhibited increased MACEs and
maternal death. Correlated with higher MACEs and mortality, the
median duration of stay in the intensive care unit (4 [0, 5] days vs.
2 [0, 3] days; P = 0.002) and total hospitalization time (7 [5, 9] days
vs. 14 [10, 19] days;P < 0.001)were significantly longer in the treated
group than in the untreated group. No significant differences were
observed in the proportion of therapeutic abortions, living deliveries,
or fetal and neonatal outcomes between the 2 groups.

Moreover, we reported that patients in the treated group showed
worse WHO-FC (WHO-FC III 45.9% vs. 69.7%; P = 0.085) and
higher proportion of general anesthesia (13.1% vs. 29.2%; P = 0.081),
which were proved to be factors associated with poor prognosis in
PAH gravidae.[2,14,15] Moreover, the multivariate logistic regression
showed that a history of general anesthesia, WHO-FC III/IV, and
no history of PAH-specific therapy were independent risk factors
for maternal MACEs (Supplemental Table 1, http://links.lww.
com/ECCM/A75). Therefore, the covariates used in the propensity
score calculation included age, history of general anesthesia, and
WHO-FC III/IV. However, as shown in Supplemental Table 2
(http://links.lww.com/ECCM/A76), after baseline characteristics
were matched using PSM method, the treated group did not show
any improvement in either MACEs onset (25.0% vs. 29.2%;
P = 0.745) or maternal death (12.5% vs. 16.7%; P = 0.683).

Beneficial effects of adequate duration of PAH-specific
therapy on PAH gravidae

The duration of PAH-specific therapy varied considerably, which
might have affected the conclusion. Given the negative results shown
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above, to further investigate the impact of therapy duration, a subgroup
analysis was conducted. The analysis compared patients who received
PAH-specific therapy forover4weeks (definedas the long-treatedgroup;
n = 13) before delivery with both untreated patients (defined as the un-
treated group; n = 61) and those treated for less than 4 weeks (defined
as the short-treated group; n = 11). As shown in Table 2, the average du-
ration of PAH-specific therapy before delivery was 102.2 days in the
long-treated group compared with 2.5 days in the short-treated group.
The frequencies of MACEs (7.7% vs. 19.7%) and maternal death
(7.7 vs. 9.8%), although not significantly different, decreased in
the long-treated group compared with those in the untreated
group, with equal baseline characteristics. Post hoc analysis
proved that the short-treated group had significantly higher fre-
quencies of MACE than either untreated group (54.5% vs.
19.7%) or long-treated group (54.5% vs. 7.7%).

Furthermore, the short-treated group exhibited a higher pro-
portion of newly diagnosed PAH (63.3% vs. 32.8%; P = 0.087),
poorer WHO-FC (WHO-FC III/IV 90.9% vs. 45.9%; P = 0.075),
and a higher rate of general anesthesia (45.5% vs. 13.1%;
P = 0.0223), all of which were confounding factors. A PSM analysis
was performed to compare the untreated and short-treated groups, as
shown in Table 3. Results showed that treatment with PAH-specific
drugs for less than 4 weeks did not show significant benefits in terms
of maternal MACEs (54.5% vs. 63.6%) or death (27.3% vs. 36.4%).

Discussion

Our data from northern China revealed several key issues that may
compromise the clinical outcomes in pregnant women diagnosed
with PAH. First, the rate of elected therapeutic abortions was low
(<10%). Therefore, the clinical management of these high-risk
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Table 1

Demographic and Clinical Information of the Study Subjects Without and With PAH-Targeted Drug Therapy

Untreated (n = 61) Treated (n = 24) P

Age, years 27 (24, 31) 31 (26, 33) 0.029
Weeks of gestation upon delivery 36 (34, 38) 34 (31, 37) 0.652
Nulliparous 32 (52.5%) 7 (29.2%) 0.071
PAH etiologies 0.383
Idiopathic PAH 18 (29.5%) 10 (41.7%)
Postoperative CHD 29 (63.9%) 11 (45.8%)
Connective tissue disease 1 (6.6%) 3 (12.5%)

PAH diagnosed de novo during pregnancy 20 (32.8%) 12 (50.0%) 0.140
PAH specific drug therapy N/A 24 —

PDE5i 20
PGIs 10
ERA after delivery 6
Combined therapy 9

General anesthesia 8 (13.1%) 7 (29.2%) 0.081
WHO-FC III/IV 28 (45.9%) 16 (66.7%) 0.112
NT-proBNP, pg/mL 367 (125, 807) 161 (93, 777) 0.271
Hemoglobin, g/L 112 (102, 124) 116 (104, 130) 0.397
sPAP, mmHg 73 (59, 88) 98 (78, 105)* 0.000
RAA, cm2 21 (17, 24)* 28 (18, 34) 0.072
RV, mm 28 (23, 33) 32 (27, 37) 0.010
PaO2, mmHg 79 (73, 112)* 83 (74, 91)* 0.353
Vasopressor and inotropic support after delivery 8 (13.1) 6 (25) 0.280
Days in ICU of survivors 2 (0, 3) 4 (0, 5) 0.002
Hospitalization days of survivors 7 (5, 9) 14 (10, 19) 0.000
MACEs 12 (19.7%) 7 (29.2%) 0.344
Deterioration of heart failure 7 7 —

De novo arrhythmia 3 0 —

Cardiac arrest 2 0 —

Maternal deaths 6 (9.8%) 4 (16.7%) 0.458
Postpartum hemorrhage/thromboembolism 9 (14.8%) 0 (0.0%) 0.042
Therapeutic abortions 6 (9.8%) 2 (8.3%) 0.597
Living deliveries 55 (90.2%) 22 (91.7%) >0.999
Neonatal asphyxia 4 (4.7%) 1 (4.2%) >0.999
Fetal deaths 3 (3.5%) 0 (0.0%) 0.555
Event-free subjects 35 (57.4%) 15 (62.5%) 0.806

Continuous data are expressed as median (lower quartile, upper quartile) and were compared using Mann-Whitney U test. Categorical data are expressed as n, n(%) were compared using Fisher exact test or Chi-square test
where appropriate.

CHD, congenital heart disease; ERA, endothelin receptor antagonist; ICU, intensive care unit; MACEs, major adverse cardiac events; NT-proBNP, N-terminal pro B-type natriuretic peptide; PAH, pulmonary arterial hyper-
tension; PaO2, arterial partial pressure of oxygen; PDE5i, phosphodiesterase type 5 inhibitors; PGIs, prostacyclin analogs; RAA, right atrial area; RV, right ventricle; sPAP, systolic pulmonary artery pressure; WHO-FC, World
Health Organization functional class.

*Some subjects had missing data in these items.
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patients remains challenging in the obstetrics department. Evidence
suggests that this problem is worldwide.[6,16,17]
Table 2

Comparing Long- and Short-Treated Cohorts Versus Untreated

Untreated (n =

Age, years 27 (24, 31)
Weeks of gestation at delivery 36 (34, 38)
Newly diagnosed PAH 20 (32.8%)
WHO-FC III/IV 28 (45.9%)
NT-proBNP 367 (125, 80
RAA, cm2 21 (16, 24)
High-risk stratum 19 (31.1%)
General anesthesia 8 (13.1%)
PAH-specific drug treatment duration before delivery, days N/A
Emergency cesarean section 5 (8.2%)
MACEs 12 (19.7%)
Maternal death 6 (9.8%)

Continuous data are expressed as median (lower quartile, upper quartile) and were compared using Kruskal-Wallis test.

MACEs, major adverse cardiac events; NT-proBNP, N-terminal pro B-type natriuretic peptide; PAH, pulmonary a
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Second, although both studies revealed low coverage of PAH-specific
therapy, the overall mortality rate was higher in our study than that
Cohorts

61) Short (n = 11) Long (n = 13) P

32 (30, 33) 30 (25, 34) 0.057
35 (33, 37) 32 (30, 37) 0.125
7 (63.6%) 5 (38.5%) 0.151
10 (90.9%) 6 (46.2%) 0.021

7) 267 (101, 1038) 161 (91, 665) 0.569
28 (20, 36) 28 (15, 33) 0.159
6 (54.5%) 6 (46.2%) 0.252
5 (45.5%) 2 (15.4%) 0.034
2.5 ± 5.8 102.2 ± 93.8
7 (63.6%) 1 (7.7%) <0.001
6 (54.5%) 1 (7.7%) 0.015
3 (27.3%) 1 (7.7%) 0.226

Categorical data expressed as n (%) were compared using Fisher exact test or Chi-squre test where appropriate.

rterial hypertension; RAA, right atrial area; WHO-FC, World Health Organization functional class.
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Table 3

Comparisons Between Untreated and Treated Less Than
4 Weeks Cohorts After PSM

Untreated
(n = 11)

Short Treated
(n = 11)

Age, years 26.4 ± 3.5 31.4 ± 3.6
NT-proBNP, pg/mL 4129 ± 6961 602 ± 755
General anesthesia 5 (45.5%) 5 (45.5%)
WHO-FC III/IV 10 (91%) 10 (91%)
MACEs 7 (63.6%) 6 (54.5%)
Maternal deaths 4 (36.4%) 3 (27.3%)

MACEs, major adverse cardiac events; NT-proBNP, N-terminal pro–B-type natriuretic peptide; PSM, pro-
pensity score matching; WHO-FC, World Health Organization functional class.

Data are n (%) or mean ± SD.
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reported by Luo et al.[5] The patients included in the study by Luo et al.[5]

primarily had PAH associated with uncorrected congenital heart
disease, mostly with a systemic-to-pulmonary shunt, whowell toler-
ated pregnancy even without PAH-specific drug treatment,[8]

whereas in our study, patients with uncorrected congenital heart
disease were excluded. Pregnancy imposes an extra risk on patients
with PAH without cardiac shunts, and this special subgroup does
not benefit from short-term PAH-specific treatment. Only those
who had been treated with an adequate duration of PAH-specific
therapy were at a lower risk of both MACEs and maternal death.
This finding is consistent with the fact that while PDE5is result in
significant pulmonary vasorelaxation and improve arterial oxygena-
tion, the maximum effects are achieved after 60 minutes for sildenafil
and 90 minutes for tadalafil.[18] It takes months for PAH-specific ther-
apy to reduce pulmonary vascular resistance. The relatively short treat-
ment duration contributes to the negative findings observed for
PAH-specific therapy during pregnancy in China, not only in our
study, but also in another Chinese center where themortality remained
as high as 30% even after receiving the PAH-specific treatment.[19] The
conclusion is not restricted to our own cohort; however, it applies to
published studies from the United Kingdom and the United States.
However, it is important to acknowledge that both PDE5is and PGIs
have demonstrated rapid hemodynamic changes in the pulmonary cir-
culation. It should be noted that PAH-specific drugs were administered
to patients with more severe hemodynamic conditions. The extent to
which pregnant patients with PAH can benefit from the rapid and
short-term PAH-specific therapies remains unclear.

As reported in North American and European studies, the mor-
tality was as low as less than 5%.[16,20] Therefore, we still need to
improve the efficacy of obstetric management in PAH-complicated
pregnancies. Despite the low ratio of PAH-specific therapy for preg-
nant patients with PAH in China, the duration of therapy has been
particularly short for Chinese patients, and the average treatment
duration before delivery has been 15weeks in China compared with
the 27 weeks reported abroad.[16,20]

Third, in patients with PAH who choose to continue pregnancy,
adequate PAH-specific therapy should be formulated, not only for
a sufficiently long treatment duration, but also for more efficacious
PAH-specific drugs. We reported only 10 patients receiving paren-
teral PGIs treatment and only 1 patient starting PGI injection 4weeks
before delivery. Whether the upfront combination of PDE5i and
PGIs improves maternal outcomes requires further confirmation.

Although not statistically significant, the mean NT-proBNP level
wasmuch lower in the treated subgroup, and this subgroupwas asso-
ciatedwith poorer cardiac function (higher sPAP, larger RVdiameter,
and a higher incidence ofWHO-FC III/IV). This discrepancymight be
explained by the differential responsiveness of NT-proBNP to drug
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treatments compared with that of other cardiac function parameters.
Multiple studies have revealed that NT-proBNP shows a faster re-
sponse to PAH-specific therapies than that of other measurements
of cardiac function (such as RV contractility and RV end-diastolic
volume).[21–24] This phenomenon suggests that an adequate treat-
ment duration of PAH-specific therapy may lead to better outcomes
in patients with PAH during pregnancy.

Most importantly, the current study showed that a relatively low
rate of awareness of PAH before pregnancy may delay the timely initi-
ation of specific therapy. Our own data unveiled that in only 15% of
the patients, the therapywas initiated at 4weeks or earlier before deliv-
ery. Supporting this view, our data demonstrated that approximately
40% of the patients with PAH were diagnosed after pregnancy, and
this is inconsistent with the reported figure in Europe, where greater
than 75% of the PAH diagnoses are made before pregnancy.[16] This
was more evident in the short-treated cohort, as shown in Table 2.
The proportion of newly diagnosed PAH was as high as 63.6%,
resulting in worse cardiac function, inadequate PAH-specific therapy,
more emergency C-sections, and poor maternal outcomes. The PAH
diagnosis was delayed possibly because of the nonspecific symptoms
of PAH overlapping with normal pregnancy symptoms, such as dys-
pnea after exercise, fatigue, and peripheral edema. In the 4 centers in-
volved in this study, echocardiography, the major method for PAH
screening, was not used in routine antenatal examinations, which
was another critical cause of the delayed diagnosis.

Given that PAH-associated pregnancies cannot be entirely
avoided, it is essential to identify clinical strategies to improve preg-
nancy outcomes in patients with PAH, particularly in China and sim-
ilar countries. Based on our data and those reported by others,[5] we
propose the following recommendations: (1) avoid unnecessary de-
lays in the diagnosis of PAH in pregnant women. These patients have
a limited timewindow for initiating specific therapies to stabilize their
disease condition. In fact, some of the delayed diagnoses of PAH are
preventable. Currently, echocardiography is not mandatory in rou-
tine obstetric/antenatal examinations inChina; thus, some early (non-
specific) symptoms of PAHmay be ignored during such examinations
in rural health care centers. Echocardiography and electrocardiogra-
phy should be performed during routine examinations of patients
with suspected symptoms. (2) Improve relevant education not only
for patients, but also (probably more important) for their family
members. Many patients have a strong desire to have children; how-
ever, they might have limited awareness of the risks associated with
PAH-complicated pregnancies. In addition, decisions regarding preg-
nancy should not be solely influenced by family pressure, and patients
should be well-informed to make correct choices. (3) Avoid unneces-
sary delays in initiating specific therapies. Based on our data, a partic-
ular treatment priority should be given to patients with de novo diag-
nosed PAH who are prone to increased risk and are associated with
deteriorating disease conditions. Timely referral of potential high-
risk patients to cardiologist/PAH specialist-staffed obstetric centers
should be implemented. Providing additional education to primary
obstetrics/gynecology practitioners may help in identifying and man-
aging high-risk patients more effectively.
Limitations

First, a major limitation of the present study was the relatively small
sample size, which was a common technical difficulty in similar
studies owing to the low disease incidence. This precluded the con-
duction of a formal Cox regression analysis to objectively eliminate
the effect of potential confounding factors (especially PAH severity)
at baseline. Even after PSM, we could not completely exclude the
possible influence of the severity in our negative finding on
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pregnancy outcomes. Therefore, our study is largely descriptive and
cannot precisely establish or nullify an independent causal relation-
ship between the status of the specific therapy and the risk of mater-
nal events. Future prospective studies with longer treatment dura-
tions and combined therapies may better define the benefits of the
drugs in PAH-complicated pregnancies. Second, although all pa-
tients were diagnosed through RHC, it was performed years before
pregnancy up to 2 years after delivery in de novo patients; this diver-
sity makes it incomparable among patients at baseline. Therefore,
RHC parameters were not included in the analysis. To date, several
different risk assessment strategies have been widely used in clinical
practice, all of which define WHO-FC III/IV and NT-proBNP of
greater than 1400 ng/L as high-risk features for poor prognosis. Ul-
trasonic cardiogram–estimated sPAP or RV diameter was not corre-
lated with prognosis; however, an RAA of less than 18 cm2 is a
low-risk feature, whereas an RAA of greater than 26 cm2 is a
high-risk feature according to the 2015 European Society of
Cardiology/European Respiratory Society guidelines. It is unreason-
able to use the 6-minute walking distance for risk stratification in
pregnant women owing to the well-known movement restrictions
during pregnancy. Thus, in this study, WHO-FC, NT-proBNP, and
RAA were included in the baseline severity assessment instead of in-
vasive hemodynamic parameters.

Conclusion

In summary, pregnant patients with PAH without cardiac shunts are
at a much higher risk. Short-term PAH-specific therapy does not
guarantee favorable maternal outcomes. Prepregnancy screening,
early identification, and timely intervention are expected to further
improve maternal outcomes in pregnant women with PAH.
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