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Long-term maternal and fetal outcomes
of pulmonary hypertension in pregnancy
in the southwest plateau area of China:

a retrospective study
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Abstract

Objective The objective was to investigate maternal, obstetric, and neonatal outcomes of pulmonary hypertension
(PH) in pregnancy based on different altitudes of residence in the southwest plateau area of China.

Methods Data were collected from pregnant women with PH admitted to The First People’s Hospital of

Yunnan Province from January 1, 2012, to December 31, 2021. All pregnant women with PH were diagnosed via
echocardiography according to a pulmonary arterial systolic pressure >30 mmHg. Patients were classified into three
groups according to the altitude of residence during pregnancy. Demographic characteristics, maternal and neonatal
outcomes, complications, and follow-up outcomes after discharge were reported.

Results Fifty-two pregnant women with PH were included. Among the included women, eleven (21.2%) were

in the low-altitude group, twenty-six (50.0%) were in the medium-altitude group, and fifteen (28.8%) were in the
high-altitude group. The overall mortality rate was 5.8%: death up to 6 weeks after delivery occurred in one patient
(1.9%), and the other two patients (4.9%) died within one to four years after delivery. Preterm delivery occurred in

22 (42.3%) patients. The incidences of maternal death (11.5% vs. 0.0, p <0.01), cesarean delivery (80.8% vs. 70.7% vs.
80.0%, p=0.001), and live birth (84.6% vs. 72.7% vs. 80.0%, p < 0.01) were higher in the medium-altitude group than in
the low- and high-altitude groups. Therapeutic abortion was performed in 15.4% of the women, with the highest rate
in the high-altitude group (p <0.01). The rates of heart failure and respiratory failure were highest in the low-altitude
group (p<0.01). No fetal death occurred, and 22 neonates (42.3%) had a low birth weight. During a median follow-up
of 2.4 years, two patients died (4.9%), and seven (17.1%) still had PH.

Conclusion The in-hospital mortality rate of pregnant women with PH in the plateau area is similar to that previously
reported in the low-altitude region, but the long-term survival rate is lower. Therapeutic abortion is also higher in
pregnant women with a high altitude of residence. These findings highlight that the risks associated with PH in
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pregnancy persist beyond delivery and underscore the importance of early risk assessment, rigorous multidisciplinary
management, and prolonged postpartum follow-up, especially in plateau populations with limited access to

specialized care.

Keywords Pulmonary hypertension, Pregnancy, Plateau area

Introduction

Pulmonary hypertension (PH) is a pathophysiological
disorder characterized by narrowing of the pulmonary
vasculature and often progresses to right heart failure
and death. The prevalence of PH is reported to be 97
cases per million with a 1.8 female/male ratio [1]. Even
with improved treatment and new approaches to man-
aging PH during pregnancy and the peripartum period,
the maternal mortality rate of pulmonary hypertension in
pregnancy still ranges from 11 to 25% [2-7]. Pulmonary
thrombosis events, respiratory failure and right heart
failure are the most common causes of death in patients
with PH [8]. Mortality and complication rates remain
high in pregnant women with PH and their fetuses. Given
the significant risks associated with PH, European guide-
lines and American consensus strongly advise against
pregnancy in PH patients; however, if pregnancy does
occur, termination is generally recommended follow-
ing a thorough multidisciplinary evaluation [9, 10]. Even
if pregnancy with PH is contraindicated, many women
choose to continue the pregnancy, whether planned or
unplanned, for social or individual reasons.

Globally, over 140 million people reside at altitudes
above 2500 m, with a significant number in mountain-
ous regions such as the Tibetan Plateau and Central Asia
[11]. Chronic exposure to hypobaric hypoxia at high
altitude is known to increase pulmonary arterial pres-
sure (PAP), contributing to the development of high-
altitude PH. Studies have demonstrated that pulmonary
vascular resistance is elevated in individuals living at
altitudes above 2500 m compared to low-altitude popu-
lations, with higher systolic PAP values and increased
prevalence of PH [11, 12]. While some populations have
developed genetic adaptations to high-altitude hypoxia,
others exhibit varying degrees of susceptibility to alti-
tude-related pulmonary complications.

All women with known cardiac disease, especially PH,
who have pregnancy plans require timely prepregnancy
counseling [13]. Given the impact of chronic hypoxia
on pulmonary circulation, it remains uncertain whether
pregnant women with PH at higher altitudes experience
worse outcomes due to increased hypoxic stress or bet-
ter outcomes due to long-term adaptation to altitude.
The purpose of this study was to investigate maternal,
obstetric, and neonatal outcomes of PH in pregnancy
based on different altitudes of residence. The specific
impacts of the altitude of residence, parity, anesthesia

use, delivery timing and mode, and PH target therapies
were evaluated.

Materials and methods

Study design

We reviewed the medical records of pregnant women
with PH who were treated in the Department of Obstet-
rics and Gynecology, The First People’s Hospital of Yun-
nan Province, in the southwest plateau area of China
from January 1, 2012, to December 31, 2021. This study
was approved by the Ethics Committee of Yunnan Prov-
ince Hospital, China. And the requirement for informed
consent from patients was waived.

In this study, right heart catheterization was not per-
formed due to concerns over radiation exposure in preg-
nant women. While non-invasive echocardiography
remains the standard diagnostic tool during pregnancy,
invasive catheterization may be justified in certain high-
risk scenarios if the benefits outweigh the risks, provided
strict adherence to the ALARA (as low as reasonably
achievable) principle is maintained. Pulmonary hyper-
tension was defined as an increase in pulmonary arterial
systolic pressure (PASP) greater than 30 mmHg on echo-
cardiography [14]. All patients who met the diagnostic
criteria during pregnancy to 42 days after delivery were
included, including women pregnant for the first, second
or multiple times. A PASP of 30 to 49 mm Hg, 50-79 mm
Hg, or more than 80 mm Hg measured by echocardiog-
raphy was classified into mild, moderate, or severe PH,
respectively [8]. Pregnant women with different etiolo-
gies of PH, including PH associated with congenital heart
disease (CHD-PH), PH associated with left heart disease
(LHD), PH associated with connective tissue disease
(CTD-PH) or PH caused by unclear multifactorial mech-
anisms, were included.

Data collection

Data on the following were extracted: age, parity, etiology
of PH, altitude of residence, delivery timing and mode,
anesthesia use, complications, maternal or fetal mortal-
ity, management, the number of hospitalization days and
costs. Obstetrical data included premature delivery, ter-
mination, low birth weight (LBW), and complications
such as infection and CHDs. Data on maternal adverse
events, including heart failure, pneumonia, postpartum
hemorrhage, transfusion, and pulmonary embolism,
were collected. The primary indication for pregnancy
termination was maternal safety due to severe PH or
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other life-threatening complications. In some cases,
fetal indications such as severe preeclampsia (defined
by persistent hypertension accompanied by neurologi-
cal symptoms, hematologic abnormalities, renal or liver
dysfunction, pulmonary edema, or hypoproteinemia
with effusion), fetal growth restriction (FGR, formerly
known as IUGR)—defined as estimated fetal weight or
abdominal circumference below the 10th percentile for
gestational age—or non-reassuring fetal status also con-
tributed to the decision. All abortion decisions were
made by a multidisciplinary team (MDT), including
obstetricians, cardiologists, neonatologists, and anesthe-
siologists, ensuring a comprehensive evaluation of mater-
nal-fetal risks [4, 9, 15]. All data were extracted from
the medical electronic system. Follow-up data included
maternal status, cardiac function, and neonatal status.
Follow-up data were available for all patients from1 year
to 5 years after delivery. Information after discharge was
collected by telephone interviews.

All women lived at altitudes ranging from 1,100 m to
2,416 m during pregnancy (Supplementary File 1), so
patients were classified into three groups: Group 1 (low-
altitude group): altitude of residence <1,500 m; Group 2
(medium-altitude group): altitude of residence between
1,501 and 1999 m; and Group 3 (high-altitude group):
altitude of residence>2,000 m. Patients with PH were
diagnosed at 42 days after delivery, and those with a
PASP lower than 30 mmHg were excluded. An additional
data file shows this in more detail [see Additional file 1].

Statistical analysis

The clinical baseline characteristics, as well as car-
diac, maternal and fetal outcomes, are presented in
detail. They were grouped and summarized according
to altitude of residence during pregnancy. Data analysis
was performed using SPSS 22.0 software (IBM Corp.,
Armonk, New York, USA). We compared and analyzed
the outcomes between the low-, medium-and high-alti-
tude groups. Categorical data are presented as frequen-
cies and percentages, and chi-square tests were used
for comparison. If there were fewer than five patients in
a group, Fisher’s exact test or continuity correction was
used. Kolmogorov—Smirnov tests were used to check the
normality of continuous data. Normally distributed data
are presented as the mean + standard deviation, and con-
tinuous parameters were compared using Student’s ¢ test.
In the case of nonnormality, data are presented as the
median and first and third quartiles (Q1-Q3) and were
compared using Kruskal-Wallis tests. A P value<0.05
was considered statistically significant.

Page 5 of 14

Results

Baseline characteristics of the study population

From January 1, 2012, to December 31, 2021, a total of 52
patients were included in the study. Their baseline char-
acteristics are summarized in Table 1. The mean age was
31.46 £5.75 years, and 13 patients (25%) being nullipa-
rous. Most pregnancies (90.4%) were conceived naturally,
while 9.6% resulted from assisted reproductive tech-
nology. 18 patients (34.6%) had advanced maternal age
(older than 35 years) [16]. Based on altitude of residence,
patients were categorized into low-altitude (Group 1,
n=11), medium-altitude (Group 2, n=26), and high-
altitude (Group 3, n=15) groups. Twin pregnancies were
reported in 8 patients (15.4%), distributed as follows: one
in Group 1, five in Group 2, and two in Group 3.

As shown in Table 2, the mean age was 31.2+5.9 years
in Group 1, 30.8+5.6 years in Group 2, and 32.4+6.0
years in Group 3, with no significant differences among
groups (P=0.601). Advanced maternal age (=35 years)
was observed in 18 patients (34.6%), with rates of 27.3% in
Group 1, 38.5% in Group 2, and 33.3% in Group 3, show-
ing no significant differences among groups (P=0.927).
The mean pulmonary arterial systolic pressure (PASP)
was 60.91+26.74 mmHg in Group 1, 60.73+22.33
mmHg in Group 2, and 50.53+16.07 mmHg in Group 3
(P=0.315).

Moreover, regarding PH etiology, 17 (32.7%) patients
had congenital heart disease-associated PH (CHD-PH),
5 (9.6%) had PH secondary to left heart disease (LHD-
PH), 3 (5.8%) had PH related to connective tissue disease
(CTD-PH), and 26 (50%) had PH of unknown etiology.
Only one patient (1.9%) had PH associated with acute
pulmonary embolism. CHD-PH was present in 45.5%,
26.9%, and 30.0% of patients in Groups 1, 2, and 3,
respectively (P=0.546, Table 2).

Delivery outcomes and anesthesia use

Delivery details were available for 50 patients (96.2%,
Table 1). The average gestational week at termination
or delivery was 35 weeks (Q1-Q3=31-38). The overall
cesarean delivery (CS) rate was 78.8%, while 1 patient
underwent vaginal delivery. Among CS cases, 19 (46.3%)
were emergency procedures performed due to cardiac or
obstetric indications. The remaining CS cases were per-
formed based on a comprehensive evaluation of mater-
nal and fetal conditions by the attending physicians.
Across the altitude groups, CS rates were 72.7% in Group
1, 92.3% in Group 2, and 66.7% in Group 3, with a sig-
nificantly higher CS rate in the medium-altitude group
(P=0.001, Table 2).

Among 39 cesarean deliveries with available anesthesia
records, 5 (12.8%) patients received spinal anesthesia, 10
(25.6%) had combined spinal-epidural anesthesia, and 13
(33.3%) had epidural anesthesia. General endotracheal
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Table 2 Baseline characteristics of PH patients with pregnancy based on altitude of residence

Variable Total (N=52) Group 1 (N=11) Group 2 (N=26) Group 3 (N=15) Pvalue
Age (y) 31.46+5.75 3045+587 3227+6.10 30.80+5.17 0.601
Altitude of Residence, m 1791.42+270.17 1411.55+135.53 1799.81+15543 205547 +146.38 0.000
mPASP, mmHg 57.83+21.85 60.91+26.74 60.73+22.33 50.53+£16.07 0315
Elderly Pregnant Women 18 (34.6) 3(27.3) 10 (38.5) 5(333) 0.927
PASP

<50 22 (42.3) 5(45.5) 9(34.6) 8(53.3) 0.504
50-79 20 (38.5) 3(27.3) 11(423) 6 (40.0) 0.701
>80 10(19.2) 3(27.3) 6(23.1) 1(6.7) 0.000
CHD 17 (29.3) 5(45.5) 7(26.9) 5(30.0) 0.5460
Delivery, median weeks of pregnancy (Q1-Q3)  35(31.0-38.0) 34 (28.0-36.3) 35(31.5-385) 35(30.0-38.0) 0.295
Cesarean Section 41 (78.8) 8(72.7) 21(80.8) 12 (80.0) 0.001
Vaginal delivery 1(1.9) 0(0) 1(3.8) 0(0) 0.000
Medicine

PH Targeted Therapy 7(13.5) 0(0) 6(23.1) 1(6.7) 0.000
Diuretic 20 (38.5) 5(45.5) 10 (38.5) 5(33.3) 0.215
Anticoagulants 27 (51.9) 2(18.2) 18 (69.2) 7 (46.7) 0.017
Cardiotonic 5(9.6) 1.1 4(154) 0(0) 0.000
CCB 4(7.7) 2(18.2) 1(3.8) 2(13.3) 0.000
General Anesthesia 11(1.2) 1(9.1) 8(30.8) 2(13.3) 0.000
Transfusion 10(19.2) 1(9.1) 5(19.2) 4(26.7) 0.000
Tracheal Intubation 10(19.2) 1(9.1) 8(30.8) 1(6.7) 0.000
Comorbidity

Diabetes 12(21.2) 2(182) 8(30.8) 2(133) 0.000
Hypertension 4(7.7) 0(0) 3(11.5) 1(6.7) 0.000
Preeclampsia 8(154) 2(18.2) 3(11.5) 3(20.0) 0.000
Hypothyroidism 5(9.6) 0(0) 3(11.5) 2(13.3) 0.000
Maternal adverse events

Postpartum hemorrhage 6(11.5) 0(0) 3(11.5) 3(20.0) 0.000
Pneumonia 6(11.5) 1(9.1) 4(15.4) 1(6.7) 0.000
Heart Failure 12 (23.1) 3(27.3) 7(26.9) 2(133) 0.000
VTE/PE 2(38) 0(0) 2(7.7) 0(0) 0.000
Respiratory Failure 2(3.8) 2(18.2) 0(0) 0(0) 0.000
Hospital stays, d 981+5.14 8.36+2.16 11.15+6.73 8534233 0442
Hospitalization costs (CYN) 19759.72+18559.37  12289.18+6343.36  25572.04+24101.36 159384+10253.28 0.119

G1: < 1500 m; G2: 1501-1999 m; G3: = 2000 m; PASP: pulmonary arterial systolic pressure; CCB: Calcium Channel Blocker; PE: pulmonary embolism; VTE: venous

thromboembolism; CNY: Chinese Yuan

anesthesia was required in 11 patients (28.2%) due to
severe cardiac or obstetric complications. In Group 1,
one patient had severe tricuspid insufficiency. In Group
2, eight patients had complications, including intrahe-
patic cholestasis (n=1), heart failure (n=3), severe pre-
eclampsia (n=1), secondary epilepsy (2=1), and PROM
(n=2). In Group 3, two patients had heart failure and pla-
centa implantation abnormalities. Only one (2%) patient
in Group 2 was reported to have vaginal delivery and no
anesthesia.

Management and cost

Details of patient management are presented in Tables 1
and 2. During pregnancy, 7 (13.5%) patients received tar-
geted pulmonary hypertension (PH) therapy. The most
commonly used medications were phosphodiesterase

type 5 inhibitors (PDE5-i, n=3), prostaglandin 12 (PGI2,
n=2), and endothelin-receptor antagonists (ERA, n=1).
One patient received a combination of PDE5-i and ERA.
Six (23.1%) of these patients were in the medium-alti-
tude group, and the targeted drug therapy rate was sig-
nificantly higher in this group than the other two groups
(P<0.01, Table 2). Among the six patients, four had
severe PH, and two had moderate PH. Furthermore, ther-
apeutic abortion was performed in two of these patients.
One patient with severe PH in the high-altitude group
used targeted drugs and experienced abortion.

Most patients (51.9%) were treated with anticoagula-
tion therapy, while 38.5% received diuretic therapy. No
patients underwent intrapartum pulmonary catheteriza-
tion or extracorporeal membrane oxygenation. Antico-
agulation therapy use was significantly higher in Group
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2 (69.2%) compared to Group 1 (18.2%) and Group 3 gé asl. 2 2 %
(46.7%) (P=0.017, Table 2), whereas diuretic therapy did £888|2 ¢ = g
not differ significantly among groups (P=0.215, Table 2). 5E 3o ;:%
The mean hospital stay was 9.81+5.14 days, with the TRES e S oy :
longest hospitalization recorded at 31 days for a patient 2 gE 8 3
who underwent therapeutic abortion at 21 weeks due to T é ° % g E g
right heart failure. Across the altitude groups, the mean o . £9 E
hospital stay was 8.36 +2.16 days in Group 1, 11.15+6.73 v zz &= g
days in Group 2, and 8.53+2.33 days in Group 3, with no . £
significant differences among groups (P=0.442, Table 2). 35 Ly ¢ 8
The average hospitalization cost was Bt R 2
¥19,759.72 +18,559.37 (approximately USD 3 g
2,906.00+2,732.27, based on an average exchange rate g oo g 3
of 1 USD=6.8 RMB during the study period). The high- " - - g
est recorded cost (¥96,128; ~ USD 14,134) was observed S £g ¢ E
in a Group 2 patient who developed severe postpartum E
hemorrhage, hemorrhagic shock, and peripartum cardio- 2 £
myopathy (PPCM). Across groups, hospitalization costs £ ‘e g
were ¥12,289.18+6,343.36 (~USD 1,807.23 +932.85) £ B >
in Group 1, ¥25,572.04 + 24,101.36 (=USD %
3,761.18 + 3,544.31) in Group 2, and ¥15,938.4+10,253.28 ol T3 %, &
(~USD 2,344.76+1,507.84) in Group 3, with no signifi- 3t |55 ¢ &
cant differences among groups (P=0.119, Table 2). s g % i
8% 88 53
Maternal outcomes S g g
Details of maternal mortality are presented in Table 3. No TES g9g £ £
deaths occurred during pregnancy. One patient (1.9%) > = %
died during the early postpartum period (16 h after deliv- . § o % % g %
ery), while two patients (4.9%) died more than one year e =009 &2
postpartum. The patient who died early postpartum had 2] ’E é E
severe tricuspid incompetence and severe PH and was = E e 8 &5
nulliparous. She underwent emergency CS under gen- = s < % éé
eral endotracheal anesthesia at 32 weeks of gestation and 3 £ E _ 5T
experienced sudden death due to heart failure, cardio- . > 2 =5 g8
genic shock, and multisystem organ failure. é A P g%
Among 8 patients (15.4%), therapeutic abortion was 258E2 2 & 2 £
performed, with 2 (18.2%) patients in the low-altitude . 3 %é
group, 3 (11.5%) patients in the medium-altitude group, & E £z 8 g g
and 3 (20.0%) patients in the high-altitude group (P<0.01, = v z =
Table 4). One (n=1/8) patient in the medium-altitude 2 ” § ] §E
group received epidural anesthesia. In Group 1, two % § % 5 E o, g g
patients underwent termination at 14 and 19 weeks, one = 8 s i 2 EEL 5 %:a;
of whom had severe CHD-PH. Three patients in Group 3 £ ¢, UiEgs:
2 underwent termination at 18, 21, and 28 weeks. Two ol ° R §
of these patients had CHD-PH, and one had severe PH. b T % £32
One patient with Eisenmenger’s syndrome and severe é s g EE
PH in Group 3 underwent termination at 25 weeks’ ges- }LE . % fé % E %
tation. The other two patients with mild PH underwent S5 2 g e = 55
termination at 29 and 30 weeks’ gestation due to severe 5|7 ¢ _ o0 T :§
preeclampsia. L‘:; A g;: . . 3 z
Preterm delivery (at less than 37 weeks of gestation) jﬁ% N AN g;;g
was reported in 22 patients (42.3%). All of the women o =2
with premature births had a mean gestational term of 35 % § Q2 E i:j
(31-38) weeks. As shown in Table 4, the three groups had Ly 22 2 232
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Table 4 Maternal and fetal outcomes of PH patients with
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Table 5 Maternal and fetal outcomes in CHD-PH vs. Non-

pregnancy CHD-PH patients

Variable Total Group Group Group P Variable Total CHD Non-CHD P
(N=52) 1 2 3 (N=52) (N=17) (N=35) value

(N=11) (N=26) (N=15) Maternal outcomes

Maternal outcomes Maternal death 3(58) 0(0) 3(86) 0214

Maternal death 3(5.8) 000) 3(11.5)  0(0) 0.000 Premature delivery 22(423)  5(294) 17 (48.6) 0.190

During pregnancy 0(0) 0(0) 0(0) 0(0) ICU Care 18(346) 5(294)  13(37.1) 0.583

Postpartum(<6weeks) 1(1.9)  0(0) 138  0() 0.000 Cesarean delivery 41(788) 11(647) 30(85.7) 0.052

Postpartum(>6weeks) 2(4.9)°  0(0) 20.1)7 000 0.000

Therapeutic abortion  8(154) 2(182)  3(11.5) 3(20.0) 0.000

Premature delivery 22(423) 6(545) 11(423) 5(333) 0317 Fetal outcomes

ICU Care 18(346) 3(273) 11(423) 4(267) 0048 No fetal deaths were reported among the three groups.

Readmission postpar-  4(7.7)  0(0) 4(154)  0(0) 0.000 Low birth weight (LBW, <2500 g) was observed in 22

tum 42 days neonates (42.3%), all of whom were delivered by CS.

Fetal outcomes Among these, 11 (50%) were delivered via emergency CS,

Low birth Weight 22(423) 5(455) 12(46.2) 5(333) 0399 and 7 (31.8%) were from twin pregnancies. LBW rates did

Live birth 42(808) 8(727)  22(846) 12(80.0) 0.000 not significantly differ among groups (P=0.399, Table 4),

Infection 1528.8) 4(364) 6(23.1) 5(333) 0020 with 5 (45.5%) in Group 1, 12 (46.2%) in Group 2, and 5

CHD 13(250) 5(455)  5(192)  3(200) 0217 (33.3%) in Group 3.Live births occurred in 42 patients

RDS 5(9.6) 1(9.1) 3(11.5) 1(6.7) 0.000

*: Follow up available in 41 cases; **: Follow up available in 22 cases; PH:
pulmonary hypertension; ICU: intensive care unit. CHD: congenital heart
disease; RDS: respiratory distress syndrome

a similar gestational age at birth [34 weeks (28.0-36.3), 35
weeks (31.5-38.5) vs. 35 weeks (30.0-38.0), P=0.317].
The distribution of preterm deliveries was 6 (54.5%) in
Group 1, 11 (42.3%) in Group 2, and 5 (33.3%) in Group
3.

Eighteen patients (34.6%) required ICU care, and the
rate was significantly higher in Group 2 (42.3%) com-
pared to Group 1 (27.3%) and Group 3 (26.7%) (P=0.048,
Table 4). Heart failure was observed in 12 patients
(23.1%), with rates of 27.3% in Group 1, 26.9% in Group
2, and 13.5% in Group 3 (P<0.01, Table 4). Other adverse
maternal events included pneumonia (9.1% in Group 1,
15.4% in Group 2, and 6.7% in Group 3, P<0.01, Table 4),
vein thrombotic events in 7.7% of Group 2, and respira-
tory failure in 18.2% of Group 1.

Four patients (7.7%) were readmitted 42 days after
delivery. All four patients were in the medium-altitude
group: two patients had an unclear mechanism and PH
associated with left heart disease induced by peripartum
cardiomyopathy (patient number 42 and patient num-
ber 47). Furthermore, both of these patients received
anti-heart failure therapy and recovered in one year.
One patient with PH associated with valvular heart dis-
ease (VHD-PH) experienced pulmonary embolism after
delivery and recovered after treatment with anti-throm-
bosis therapy (patient number 48). One patient with
PH associated with rheumatic heart disease (RHD-PH)
was readmitted due to acute heart failure (patient num-
ber 51). However, the patient discontinued therapy after
discharge despite poor heart function and was still alive
during our follow-up period.

(80.8%), with the highest rate in Group 2 (84.6%) com-
pared to Group 1 (72.7%) and Group 3 (80.0%) (P<0.01,
Table 4).

Twenty-two (52.4%) newborns were transferred to the
neonatology department immediately after birth due to
complications. A total of 15 neonates (28.8%) suffered
from infection, including 4 (36.4%) in the low-altitude
group, 6 (23.1%) in the medium-altitude group and 5
(33.3%) in the high-altitude group (P=0.020, Table 4).
CHD was diagnosed in 13 neonates (25.0%), with a
higher rate in Group 1 (45.5%) than in Group 2 (19.2%)
and Group 3 (20.0%). Specifically, one newborn in Group
1 had an atrial septal defect (ASD), while in Group 2, five
newborns had CHD, including one with persistent duc-
tus arteriosus (PDA), two with ASD, and two with both
PDA and ASD. In Group 3, two newborns had CHD, one
with ASD and one with both PDA and ASD. No neonate
was reported to have familial PH. Additionally, respira-
tory distress syndrome (RDS) was reported in 5 neonates
(9.6%), with 1 (9.1%) in Group 1, 3 (11.5%) in Group 2,
and 1 (6.7%) in Group 3 (P<0.01, Table 4).

The effect of CHD on maternal and fetal outcomes

To further evaluate whether congenital heart disease-
associated pulmonary hypertension (CHD-PH) influ-
ences maternal and neonatal outcomes, we conducted a
subgroup analysis comparing CHD-PH (#=17) and non-
CHD-PH (n=35) patients. As shown in Table 5, mater-
nal mortality was 0% in the CHD-PH group compared
to 8.6% in the non-CHD-PH group (P=0.214). Similarly,
there were no significant differences between the two
groups in terms of premature delivery (29.4% vs. 48.6%,
P=0.190), ICU admission (29.4% vs. 37.1%, P=0.583), or
cesarean section rates (64.7% vs. 85.7%, P=0.052).
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Additionally, we analyzed the distribution of CHD-
PH cases across different altitude groups and found no
statistically significant association between CHD-PH
prevalence and altitude (P=0.546, Table 2). These find-
ings suggest that CHD-PH did not independently impact
maternal or neonatal outcomes in this cohort, and alti-
tude was not a major influencing factor in the prevalence
of CHD-PH.

Follow-up at postpartum

The follow-up period after discharge ranged from 1 year
to 5 years (median 2.4 years). In 41 patients (78.8%), fol-
low-up data during the postpartum period were avail-
able (Table 6). A total of 2 patients (4.9%) died during the
follow-up period, both of whom were in the medium-
altitude group. The all-cause mortality rate in our cohort
was 5.8%. One patient with PH with an unclear mecha-
nism died of acute myocarditis 4 years after delivery and
her pregnancy had been terminated by cesarean section
under general endotracheal anesthesia at 36 weeks gesta-
tion (patient number 9). She was transferred to the ICU
immediately after birth due to pulmonary infection and
ICP (intrahepatic cholestasis of pregnancy). Another
patient with severe PH with an unclear mechanism died
due to cardiac failure 1 year after delivery (patient num-
ber 25). She terminated the pregnancy prematurely by
cesarean section under general endotracheal anesthesia
at 33 weeks gestation. Due to heart failure and pulmo-
nary infection, she was transferred to the ICU after deliv-
ery. Both patients had multiple pregnancies and did not
receive targeted PH therapy during pregnancy. PH was
not reported during follow-up after discharge from the
hospital. An additional data file shows this in more detail
[see Additional file 2].

Seven patients (17.1%) still had PH in the postpartum
period. The remaining patients did not have echocardiog-
raphy after delivery and did not have heart-related symp-
toms. Only one patient (patient number 21) received a
long-term pulmonary vascular-targeted drug (Bosen-
tan), and her PASP was shown to have decreased from
110 mmHg to less than 25 mmHg by echocardiography.
Three patients (7.3%) experienced chronic cardiac failure
and had an New York Heart Association (NYHA) func-
tional class of III-IV. Three women (7.3%) were pregnant
again in our follow-up period, and all had conceived
naturally. In two patients, abortion was performed (one
patient in the medium-altitude group underwent thera-
peutic abortion, and one patient in the high-altitude
group had spontaneous abortion). Another patient was
31 weeks pregnant and reported no PH.

No offspring death or familial PH occurred in the 41
patients. Only two children (4.9%) were reported to have
CHD in our follow-up period (patient number 19 and
patient number 45). Another six children were found
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Table 6 Follow-up data on mothers (n=41) and offspring

(n=41)

Variable n (%)
Mothers

Death 2 4.9
PH after delivery 7 17.1
Targeted therapy 4 9.8
Symptoms of cardiac insuffciency 3 73
Re-pregnancy 3 7.3
Offspring

Death 0 0.0
PH 0 0.0
Growth and development lag behind 3 73
CHD 2 4.9

PH: pulmonary arterial hypertension; CHD: congenital heart disease

to have closed defects after birth. Three children (7.3%)
had mild growth restriction (one in the medium-altitude
group and two in the high-altitude group). No intelli-
gence development disorder or familial PH was observed
in any of the children.

Discussion

In this retrospective cohort study, we evaluated maternal
and fetal outcomes in 52 pregnant women with PH resid-
ing in a high-altitude region. The findings revealed that
pregnant women with PH in the medium-altitude group
had higher maternal mortality, cesarean delivery, congen-
ital heart disease (CHD) incidence in neonates, and live
birth rates. In contrast, therapeutic abortion was more
frequent in the high-altitude group, and heart or respi-
ratory failure occurred more commonly in the low-alti-
tude group. These results suggest that altitude may play
a role in modifying pregnancy outcomes in PH patients,
though the exact physiological mechanisms require fur-
ther investigation.

Hypobaric hypoxia is a known contributor to increased
pulmonary arterial pressure (PAP) and right ventricu-
lar strain, particularly in populations residing at high
altitudes [17, 18]. Chronic exposure to reduced oxygen
levels leads to pulmonary vasoconstriction and vascular
remodeling, increasing the risk of PH progression. While
some studies define 2500 m as a critical threshold for
high-altitude PH [11, 12], research suggests that physi-
ological changes in pulmonary circulation may begin
at altitudes as low as 1500 m [1, 19, 20]. Given that the
majority of our study population resided between 1100
and 2416 m, we classified patients into three groups—low
altitude (<1500 m), medium altitude (1501-1999 m), and
high altitude (=2000 m)—to better capture potential vari-
ations in pregnancy outcomes among PH patients across
different altitude ranges. Interestingly, maternal mortality
in our cohort was similar to reports from lower-altitude
regions, suggesting that long-term residence at moderate
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to high altitudes may confer some degree of hypoxia
tolerance. Prior studies have highlighted genetic and
physiological adaptations in high-altitude populations,
including increased oxygen transport efficiency and
modified pulmonary vasoreactivity [21, 22]. However,
these adaptations are population-dependent, and not all
individuals at high altitudes exhibit protective mecha-
nisms against PH progression.

In this study, most patients chose to undergo CS
(78.8%), of which 46.3% were emergency operations for
cardiac and obstetric reasons, such as heart failure, dia-
betes, preeclampsia, and premature rupture of mem-
branes. Only one woman delivered vaginally. Although
cesarean delivery is often preferred in PH pregnancies
to minimize hemodynamic stress [23-25], evidence sup-
porting its superiority over vaginal delivery remains lim-
ited [26, 27]. Prior studies have reported lower cesarean
rates ranging from 44.9 to 63.4%, suggesting that delivery
mode should be determined based on individual risk fac-
tors rather than a universal approach [14, 28]. Although
recent management trends favor cesarean delivery, there
is little evidence that CS improves maternal outcomes
compared with vaginal delivery [26, 27]. In addition, CS
results in higher rates of death, postpartum hemorrhage,
shock, cardiac arrest and thrombotic events [29]. The
high rates of therapeutic abortion in this study (15.4%),
particularly in the high-altitude group (20%), may reflect
clinical decisions aimed at reducing maternal mortality in
severe PH cases [8, 14, 23, 24, 28, 30]. Additionally, in the
present study, 42.3% of the patients had premature deliv-
ery, and the rate was higher than that reported by Miao
et al. [8] (30.6%), Yang et al. [23] (26.9%), and K.Sliwa et
al. [14] (21.7%). However, compared with recent reports
from the Southwest and North Plains of China, our study
observed a relatively lower incidence of preterm birth
[24, 31]. Additionally, a meta-analysis including 20 stud-
ies and 589 patients reported a higher premature birth
rate of 59.7% [32]. These differences may reflect varia-
tions in disease severity, management approaches, and
regional healthcare resources, suggesting that standard-
ized perinatal care strategies are essential to improving
neonatal outcomes in PH pregnancies.

Our study reported a maternal mortality rate of 5.8%,
comparable to that observed in other PH pregnancy
cohorts [25]. Prior studies have demonstrated consider-
able variability in PH-related maternal mortality, influ-
enced by disease severity, availability of specialized care,
and perinatal management strategies. Reports from
low-altitude regions in China and international regis-
tries have indicated relatively lower maternal mortality,
with some studies reporting rates as low as 2.8-3.4% [8,
14, 30], often attributed to specialized PH management
and multidisciplinary team (MDT) involvement. In con-
trast, studies conducted in settings with limited access to
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PH-targeted therapy and specialized perinatal care have
documented higher mortality rates, ranging from 7.2—
16% [23, 24, 31], reflecting the impact of disease progres-
sion and delayed intervention on patient outcomes [28].

The higher therapeutic abortion rate in the high-alti-
tude group may reflect a clinical decision to avoid severe
maternal complications in advanced PH cases. Given the
increased hypoxic burden at higher altitudes, the deci-
sion to terminate pregnancy may have been influenced by
concerns over worsening right heart function and mater-
nal decompensation. This is consistent with our finding
that no deaths occurred in women who underwent preg-
nancy termination before 30 weeks, suggesting that early
termination may improve maternal outcomes in high-
risk PH cases. The high incidence of emergency cesarean
sections and preterm births observed in our study is con-
sistent with previous research, underscoring the clinical
preference for cesarean delivery in managing pregnancies
complicated by PH [8].

Neonatal outcomes were also affected by maternal PH
status. No neonatal deaths occurred in our cohort, con-
sistent with prior studies [28, 30]. This may be because the
hospital currently emphasizes the need for delivery with
neonatal intensive care. However, our cohort showed a
higher LBW rate (42.3%) than that previously reported
by Zhang et al. [24], Liu et al. [25], and Yang et al. [23]
(34.8%, 33.8%, and 25.6%) in the eastern and northern
low-altitude regions of China. This may be attributed
to a high rate of preterm delivery (42.3%), as well as the
presence of twin pregnancies (31.8% of LBW cases). In
contrast, a European study reported a lower LBW rate
(19%), suggesting that altitude, hypoxia, and maternal
PH severity may contribute to fetal growth restriction
[14]. CHD occurs in 0.8 — 0.9% of live births [9, 33, 34]. In
our study, the prevalence of CHD in neonates was 4.9%,
which aligns with prior studies conducted in low-altitude
regions [14, 25, 35]. Interestingly, all CHD cases in our
cohort occurred in neonates born to mothers with CHD-
PH (ASD). While our sample size is limited, this cluster-
ing raises the possibility that genetic predisposition may
play a more prominent role than altitude exposure in the
development of CHD among offspring in this population.
Further investigation is warranted to distinguish environ-
mental from hereditary influences.

Long-term postpartum outcomes remain a major con-
cern for PH patients. Previous studies have reported
maternal mortality rates between 1.3% and 2.6% dur-
ing long-term follow-up, with heart failure occurring
in 2.7-7.8% of cases [14, 25]. Another study found that
the cumulative survival rate exceeded 90% for women
with moderate PH after long-term follow-up [30]. In this
study, 41 patients (78.8%) were followed for a median of
2.4 years, during which two patients (4.9%) died from
cardiac complications at one and four years postpartum.
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Compared to reports from low-altitude regions, this
cohort exhibited a lower long-term survival rate, possi-
bly due to delayed access to specialized PH care or unde-
tected cardiovascular deterioration after delivery. These
findings highlight the importance of extended postpar-
tum monitoring and continued PH-targeted therapy to
optimize long-term maternal outcomes. Neonatal out-
comes were generally favorable in this cohort, with no
cases of neonatal death or familial PH reported during
follow-up. Mild growth restriction was observed in 7.3%
of infants, but these children exhibited normal develop-
ment comparable to those born to healthy women. Addi-
tionally, three women (7.3%) became pregnant again
during follow-up, two of whom opted for pregnancy
termination, reflecting the ongoing challenges and clini-
cal concerns associated with future pregnancies in PH
survivors.

Pregnancy imposes a significant physiological burden
on PH patients due to increased blood volume and car-
diac output [10, 36, 37]. However, only 17.1% of women
in this cohort exhibited persistently elevated pulmonary
arterial systolic pressure (PASP) after delivery, and 7.3%
developed chronic heart failure during follow-up. This
suggests that a subset of PH cases may involve preg-
nancy-related hemodynamic changes that are at least
partially reversible postpartum, potentially due to volume
overload rather than permanent vascular remodeling.
However, these patients remain at high cardiovascular
risk, warranting long-term follow-up to assess the per-
sistence or recurrence of PH symptoms. The European
Society of Cardiology (ESC) guidelines recommend
genetic counseling and a multidisciplinary evaluation for
women with well-controlled PH before considering preg-
nancy, emphasizing the need for careful risk assessment
in future pregnancies [38].

Due to a lack of medical resources and specialists,
echocardiography was not a common examination dur-
ing pregnancy. Patients who suffered from PH could
not be diagnosed and treated in time in the present
study. Many patients were transferred to specialized
hospitals only in the middle or late stages of pregnancy,
when symptoms became severe. Furthermore, most PH
patients did not MDT management or standard sup-
portive treatments such as oxygen therapy or heart fail-
ure management. Given the complex hemodynamic
changes during pregnancy, timely risk assessment and
close monitoring by an MDT are essential to optimize
maternal and fetal outcomes [9]. The use of PH-tar-
geted therapies in pregnancy remains controversial due
to safety concerns and limited clinical evidence [31].
While previous studies suggest that PH therapies may
improve maternal outcomes [1, 6, 20, 35, 39, 40], there
is no consensus on the optimal drug regimen or dosing
for pregnant women. Endothelin receptor antagonists
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and riociguat have potential teratogenic effects and are
not recommended during pregnancy [38, 41] whereas
calcium channel blockers (CCBs), phosphodiesterase
type 5 inhibitors (PDE5is), and prostacyclin analogs are
considered safer options, despite limited safety data [38,
42, 43]. In our cohort, only 13.5% of patients received
PH-targeted therapy, and treatment duration was short,
limited to the perinatal period. Given the lack of large-
scale trials in pregnant PH patients, future studies should
focus on establishing evidence-based treatment protocols
to improve maternal and fetal outcomes.

Additionally, hospitalization costs were assessed to
explore the economic burden associated with PH in preg-
nancy. Although the difference in cost among the alti-
tude groups was not statistically significant, the highest
cost was observed in a patient with severe complications
including peripartum cardiomyopathy and hemorrhagic
shock. These findings highlight the substantial resource
utilization involved in managing high-risk PH pregnan-
cies, especially in settings with delayed diagnosis or
limited access to specialized care. Consideration of eco-
nomic burden is essential when developing multidisci-
plinary management strategies and allocating healthcare
resources for PH in pregnancy, particularly in under-
resourced or geographically remote areas.

This study has a few limitations. First, this was a ret-
rospective study, and additional bias compared to pro-
spective cohort studies cannot be ignored. All data were
collected from medical electronic records, and some of
the data were unavailable and incomplete. Second, all
involved patients were hospitalized; thus, we were unable
to obtain information from patients in outpatient depart-
ments or other hospitals. Third, no patient was diagnosed
by right heart catheterization. Invasive tests that involve
radiation are not feasible in pregnant women. The inter-
pretation of our results must account for the limitations
of diagnosing and treating PH by echocardiography.
Additionally, while we conducted a subgroup analysis
comparing CHD-PH and non-CHD-PH patients, a sig-
nificant proportion of our cohort had PH of unknown
etiology, which may introduce heterogeneity in the study
population. Further research with more refined etiologi-
cal classifications and larger sample sizes is needed to
confirm whether different PH subtypes exhibit distinct
maternal and fetal outcomes. Finally, the study was con-
ducted at a single medical center, and the findings may
not be fully generalizable to other regions with different
demographic characteristics, healthcare systems, and
clinical management protocols. Future prospective, mul-
ticenter studies are needed to further validate our results
and provide a broader perspective on maternal and fetal
outcomes in pregnant women with PH.
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Conclusion

In conclusion, the present study revealed that PH
increased the risks for adverse maternal and neonatal
outcomes. Mortality in the present study cohort was sim-
ilar to that previously reported in the low-altitude region.
Our study indicates that pregnant women with PH resid-
ing in plateau areas experience in-hospital mortality rates
similar to those in low-altitude regions; however, their
long-term survival is reduced, and therapeutic abortion
rates are higher, especially among those at higher alti-
tudes. These findings suggest that altitude may influence
the progression of PH and modify pregnancy outcomes—
likely through mechanisms related to hypoxic stress and
cardiovascular adaptation. Although our data imply that
pregnancy may not be absolutely contraindicated in these
women, they underscore the need for rigorous, multidis-
ciplinary management and further prospective studies
to elucidate the underlying physiological mechanisms.
When patients decide to continue pregnancy, close and
regular monitoring by a MDT is essential, particularly in
the postpartum period when the risk of cardiac compli-
cations remains high. In contrast, the incidence of LBW
and CHD in the plateau population was similar to that
reported in low-altitude regions, suggesting that these
outcomes may be less influenced by altitude-related
hypoxia than previously assumed. Pregnancies in women
with PH remain clinically challenging, and large-scale
prospective multicenter studies are warranted to confirm
these findings and inform future care strategies.
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