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ABSTRACT

Objective This study aimed to investigate the clinical
characteristics and outcomes of pregnancy complicated by
SLE-associated pulmonary arterial hypertension (SLE-PAH)
in a case series and literature review.

Methods This single-centre retrospective study included
10 consecutive pregnancies complicated by SLE-PAH
confirmed by right heart catheterisation (RHC) at Peking
Union Medical College Hospital between 2009 and 2020. A
literature search was conducted and 14 pregnancy cases
complicated by SLE-PAH were reviewed.

Results At the time of 10 patients’ initial visits, the average
age was 30.00+5.72 years and the median disease duration
of SLE and PAH was 34.5 (range 1-164) months and 2 (1-51)
months. Two patients carried planned pregnancy, seven
patients developed PAH during pregnancy and one pregnancy
was unplanned. Further, nine patients had low disease activity,
with Systemic Lupus Erythematosus Disease Activity Index
between 0 and 4, and 30%, 30% and 40% of patients were

of WHO functional class Il, lll and IV, respectively. All patients
were evaluated by RHC and echocardiography. N-terminal
pro-brain natriuretic peptide (NT-proBNP) levels were elevated
in 70% of patients, with a median level of 776 (56—18 023) pg/
mL. The median time of completed pregnancies in all patients
was 31 (15-38) weeks and six patients delivered live infants.
SLE activity and PAH severity improved in 70% of patients
within 6 months after delivery. One patient died on the 15th
day after induction of labour. In the remaining patients, all
achieved a lupus low disease activity state; according to the
European Society of Cardiology/European Respiratory Society
risk stratification, seven were categorised at a lower risk state
compared with their risk stratification during pregnancy, and
two remained at intermediate risk. Additionally, 80% of patients
exhibited mild impairments with WHO functional class | or Il.
The median NT-proBNP level was 184 (32—4003) pg/mL within
6 months after delivery. In the reviewed literature, the average
age of patients was 30.09+5.37 years. The median time of
completed pregnancies was 36 (28—40) weeks. More cases
were planned and successful, and the survival rates of mothers
and neonates were 85.71% and 92.86%, respectively.
Conclusions Successful pregnancy could be possible

in women with SLE-PAH if SLE-PAH treatment goals are
achieved under proper therapies, careful monitoring and
thorough evaluations.

Key messages

What is already known about this subject?

» Pregnancy is a serious condition in women of child-
bearing age with SLE-associated pulmonary arterial
hypertension (SLE-PAH).

» Several successful pregnancies have been reported
in patients with SLE-PAH; however, there is a lack of
publications and guidelines on decision-making and
management of pregnancy in SLE-PAH.

What does this study add?

» This study included 10 consecutive pregnant pa-
tients with SLE-PAH confirmed by right heart cath-
eterisation and reviewed 14 cases from previous
studies.

» The overall survival rates of mothers and neonates
were 87.5% and 79.17%, respectively.

» Successful pregnancy may be possible in
reproductive-age women with SLE-PAH when SLE-
PAH is well controlled and treatment goals are
achieved through careful planning and appropriate
PAH-specific therapies.

How might this impact on clinical practice or future

developments?

» Pregnancy in this population is still a major challenge
for both patients and physicians; however, a combi-
nation of proper therapy, monitoring and evaluation
may contribute to lowering the risk of adverse events
in pregnancy cases complicated by SLE-PAH.

INTRODUCTION

SLE is a multisystem autoimmune disease
that mainly occurs in women of childbearing
age. Advances in therapy and management
over the past several decades have facilitated
satisfaction of fertility needs of most women
with SLE." Pulmonary arterial hypertension
(PAH) is a rare but severe complication of
SLE, with incidence varying from 2.06% to
3.83% in affected patients.”™ Due to rapid
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disease progression and lack of effective treatments, the
prognosis for patients with SLE-PAH is worse than for
those with SLE alone, with a 3-year survival rate of 45.0%-—
89.4%."

Pregnancy in patients with SLE-PAH is recognised as
a serious and complicated scenario as it can result in
negative consequences for both mothers and neonates,
especially maternal death.”* Additionally, few publica-
tions and guidelines have focused on decision-making
and management of pregnancy in women with SLE-PAH.
Several recent case reports have shown that pregnancy
is feasible in patients with SLE-PAH."*™ These investi-
gations suggested the possibility of successful pregnancy
complicated by SLE-PAH and served as the foundation
for future management and treatment guidelines.

This is the first study of pregnant women with SLE-
PAH confirmed by right heart catheterisation (RHC) and
the first systematic review of all eligible pregnancy cases
complicated by SLE-PAH reported in previous studies.
Our study provides an overview of the clinical characteris-
tics, management and outcomes of pregnant women with
SLE-PAH.

METHODS

Subjects

This single-centre retrospective study was conducted at
Peking Union Medical College Hospital. Consecutive
pregnancy cases complicated by SLE-PAH were collected
from May 2009 to September 2020. A search for inpatient
and outpatient data in the hospital information system of
Peking Union Medical College Hospital and the Chinese
Lupus Treatment and Research Group registry was
performed. All applicable medical records for patients
were reviewed. Cases were included if (1) the patient
fulfilled the Systemic Lupus International Collaborating
Clinics (SLICC) 2012 classification criteria for SLE; (2)
the patient had a diagnosis of PAH with mean pulmo-
nary artery pressure (mPAP) >25 mm Hg confirmed by
RHGC; and (3) PAH was diagnosed before or during preg-
nancy. A completed pregnancy included pregnancy with
induced labour or uninduced labour (including liveborn
infants by vaginal or caesarean and stillbirth). Planned
pregnancy was defined as planning of the pregnancy by
the patient with awareness of potential risks in coordi-
nation with family members and physicians. Extracted
patient demographics included age, disease duration,
whether the pregnancy was planned and autoantibody
levels. Obstetric characteristics were collected including
pregnancy history, time of pregnancies completed, mode
of delivery and anaesthesia, and maternal and neonatal
outcomes. Clinical evaluation of SLE was based on the
Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI), organ involvement, the American College
of Rheumatology/SLICC Damage Index and Physician
Global Assessment. Assessment of PAH was according to
the European Society of Cardiology/European Respira-
tory Society (ECS/ERS) risk stratification, including

related symptoms and their progression, WHO functional
class, echocardiography results, and N-terminal pro-brain
natriuretic peptide (NT-proBNP) levels at baseline and
within 6 months after delivery.*'™*

Literature review of pregnancy cases complicated by SLE-PAH
We conducted a literature search in PubMed before
7 August 2021, with combined terms of PAH and preg-
nancy (online supplemental figure 1). Studies were
eligible if (1) the patient was diagnosed with SLE using
a validated standard diagnosis; (2) the patient had a
diagnosis of PAH confirmed by either RHC or echocar-
diography (mPAP >25 mm Hg); (3) PAH was diagnosed
before or during pregnancy; (4) the study was an original
study published in English, including a case report, case
series, case—control or retrospective cohort study; and
(b) detailed medical information could be obtained. The
exclusion criteria were as follows: (1) pulmonary hyper-
tension was due to other causes, such as idiopathic PAH,
heritable PAH, and pulmonary hypertension secondary
to cardiac and interstitial lung diseases; and (2) there is a
lack of detailed clinical records of the patient, including
WHO functional class or mPAP level, and maternal
outcomes. Eleven studies were finally included in the
literature review, seven of which were case reports and
four were retrospective studies; relevant medical informa-
tion was then extracted.

Statistical methods

Descriptive and continuous data are shown in the tables.
Descriptive data were presented as percentages. Contin-
uous data were expressed as mean+SD or median (range)
if they do not conform to a normal distribution. Data were
analysed using SPSS V.23.0 and Prism V.9 (GraphPad Soft-
ware, La Jolla, California, USA).

RESULTS

Baseline characteristics

Ten pregnant women who were diagnosed with SLE-PAH
between April 2012 and August 2019 were identified at
our hospital. Patient baseline characteristics and disease
evaluation results are shown in table 1. The average age
at the patients’ first visits during pregnancy was 30.0+5.7
years. The median disease duration of SLE and PAH at
baseline was 34.5 (range 1-164) months and 2 (1-51)
months, respectively. Among these 10 patients, 2 planned
their pregnancy with a full understanding of the risks and
possible harm, 7 patients developed PAH during their
pregnancy, and 1 pregnancy was unplanned (case 5).
Nine cases were multigravida, and five primiparas were
enrolled in this study. None of these women experienced
previous pregnancy-related complications, such as pre-
eclampsia or intrauterine growth restriction. Detailed
pregnancy histories are reported in table 1.

All cases were positive for ANA, seven were positive for
anti-Sjogren's syndrome antigen A (anti-SSA), two were
positive for anti-Sjogren's syndrome antigen B (anti-SSB)
and two were positive for anti-double strand DNA
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(anti-dsDNA). Nine patients with reported laboratory
results were all negative for antiphospholipid antibodies,
including anticardiolipin, anti-beta(2)-glycoprotein I
and lupus anticoagulant. Nine patients had low disease
activity, with SLEDAI between 0 and 4. The SLEDAI score
of case 1 was 14, indicating moderately active SLE.

Right heart function was assessed using clinical features
and laboratory data. The percentages of patients with
WHO functional class I, II, III and IV were 0%, 30%,
30% and 40%, respectively. RHC is the gold standard
for the diagnosis of PAH and was used to evaluate PAH
at all of the patients’ first visits. As listed in table 1, all
patients had an elevated mPAP (=25 mm Hg) and pulmo-
nary vascular resistance (PVR >3 Woods unit, WU). The
median mPAP, pulmonary artery wedge pressure, cardiac
output and PVR were 35 (25-66) mm Hg, 7.5 (2-16) mm
Hg, 5.3 (1-6.5) L/min and 5.67 (3.08-31.00) WU, respec-
tively. Echocardiography was used to evaluate PAH and
monitor patients’ cardiac function during pregnancy as
itis a non-invasive measurement. The median pulmonary
arterial systolic pressure (PASP) was 75 (39-102) mm Hg.
The median tricuspid annular plane systolic excursion
(TAPSE) was 16 (10-23) mm, indicating impaired right
ventricular function in most patients. However, dilation
of right ventricle was not observed in any of the patients
and no reduction in ejection fraction (EF) was found in
nine patients with recorded EF. Only one patient (case
2) was confirmed to have a moderate pericardial effusion
via echocardiography. NT-proBNP levels were elevated
in 70% of patients, with a median of 776 (56-18 023)
pg/mL in all cases. Detailed baseline characteristics are
presented in table 1.

Maternal and neonatal outcomes

Nine of 10 patients were administered corticosteroid
therapy during pregnancy. Immunosuppressive agents,
PAH-targeted medications and supportive treatments
were adjusted according to patients’ manifestations and
drug teratogenicity around pregnancy (online supple-
mental table 1).

Four out of 10 patients underwent induced labour.
Among the other six pregnancies without induced labour
(including both planned pregnancies, cases 3 and 9), five
patients delivered their neonates via caesarean section
and one delivered vaginally. The median time of preg-
nancies completed in all patients, patients with induced
labour and patients without induced labour was 31
(15-38) weeks, 22 (15-25) weeks and 33 (31-38) weeks,
respectively. Of the 10 patients, 40% were administered
general anaesthesia and 60% were administered contin-
uous epidural anaesthesia.

Table 2 shows that most patients in our study benefited
from completed pregnancies regardless of its form. In
general, SLE activity and PAH severity improved in 70% of
patients and remained stable in 20% of patients within 6
months after delivery. One patient (case 6) died of shock
caused by deterioration of cardiac function and infec-
tion 15 days after induced labour. In the other patients,

SLEDAI remained 0-4, no disease flared and no new
organ was involved within 6 months after delivery, indi-
cating a lupus low disease activity state. According to ECS/
ERS risk stratification, all alive patients were categorised
at a lower risk state compared with their risk stratification
during pregnancy, except for cases 3 and 5 who remained
at intermediate risk. Regarding cardiac function evalu-
ated using WHO functional class within 6 months after
delivery, 80% of patients exhibited mild impairments
(WHO functional class I or IT). The median PASP of all
surviving patients was 59 (23-83) mm Hg, indicating the
improvement of PAH in this group. The median TAPSE
was 15 (14-21) mm, which was similar to the level at
baseline. Pericardial effusion could not be detected after
delivery in case 2. In all surviving patients, the median
of NT-proBNP level decreased from 293 (56-9098) pg/
mL at baseline to 184 (32—-4003) pg/mL within 6 months
after delivery. Decreases in NT-proBNP levels were espe-
cially remarkable in patients with NT-proBNP levels
higher than 10-fold upper limit of normal (ULN, 125 pg/
mL) at baseline. It was also observed that the levels of
NT-proBNP were lower than threefold ULN in eight out
of nine surviving patients (figure 1A). However, several
results of echocardiography indicated deterioration of
cardiac function within 6 months after delivery. Right
ventricular dilation was not detected in most patients,
except for case 4, whose right ventricular transverse diam-
eter was 50 mm. It was notable that reduction in EF was
found in two out of eight patients with recorded EF.
Despite prematurity and low birth weight in most of six
neonates, the 5 min Apgar scores of all infants were in the
normal range (7-10). Five of six infants were admitted
to the neonatal intensive care unit for 4-30 days due to
preterm birth and/or low birth weight. There was no
neonatal mortality, and no severe diseases were reported
in these children until the last follow-up in January 2022.

Literature review

A review of the literature included 14 pregnancy cases
complicated by SLE-PAH in 11 studies from 2002 to
2021."%718 2528 Most patients (except for the case in Zhou
et al) delivered via caesarean section (76.92%); the
others delivered vaginally (23.08%). The low proportion
of induced labour was the most distinct characteristic
of the cases in the literature compared with cases at our
hospital. However, these patients shared some similar clin-
ical features with the patients at our hospital. The average
age of patients from our literature review was 30.09+5.37
years. The median time of their completed pregnancies
was 36 (28-40) weeks, which was similar to the data for
patients with uninduced labour at our hospital. Further,
more pregnancies were planned in the 14 reviewed
cases. Regarding obstetric outcomes, the survival rates of
mothers and neonates were 85.71% and 92.86% respec-
tively. Assessment of cardiac function at baseline and/or
after delivery, including WHO functional class and levels
of mPAP and NT-proBNP, was reported in some of the
cases from the reviewed literature. WHO functional class
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Figure 1 NT-proBNP and WHO functional class of pregnant patients with SLE-PAH at our hospital and previous studies at

baseline and within 6 months after delivery. (A) NT-proBNP of 10 pregnant patients with SLE-PAH at our hospital at baseline
and within 6 months after delivery. (B) WHO functional class of 17 pregnant patients with SLE-PAH at our hospital and previous
studies at baseline and within 6 months after delivery. NT-proBNP, N-terminal pro-brain natriuretic peptide; PAH, pulmonary

arterial hypertension.

atbaseline and after delivery was available in seven cases in
the literature and ten cases at our hospital. Figure 1B illus-
trates that in these 17 patients, the percentage of patients
with WHO functional class I and II rose from 41.18% to
76.47%. Further clinical characteristics, outcomes and
assessment of cardiac function are displayed in table 3.

DISCUSSION
This is the first retrospective study of consecutive preg-
nancy cases complicated by SLE-PAH confirmed by RHC.
In our case series and literature review, we explored the
possibility of pregnancy in patients with SLE-PAH by
comprehensively analysing obstetric outcomes and criti-
cally evaluating primary disease and cardiac function.
The mortality of pregnant patients with PAH ranges from
12% to 56%,* ** which is much higher than that of healthy
population. Previous evidence has suggested that connec-
tive tissue disease-associated PAH may be related to lower
survival rates and worse prognosis compared with other
types of PAH.”" A majority of pregnant women with other
types of PAH had better cardiac function than our patients.”
Therefore, more attention and more intensive interventions
are needed in PAH secondary to connective tissue diseases.
Recently, outcomes of patients with connective tissue disease-
associated PAH have significantly improved with advances in
treatment-to-target therapies and novel target drugs. Some
prior studies have even reported successful pregnancies in
women with SLE-PAH, similar to the cases in our study. The
improved survival can be attributed to proper management
based on treatment-to-target therapy during the entire preg-
nancy. Our study demonstrated that maternal death did not
occur in planned cases; however, it happened in two of ten
unplanned cases, suggesting that planning prior to preg-
nancy may be associated with improved maternal survival.
Moreover, in all successful delivered cases at our hospital,
patients had SLEDAI scores ranging from 0 to 4 at baseline.
Therefore, low disease activity may contribute to successful
pregnancies in patients with SLE-PAH. Advanced and thor-
ough evaluation by rheumatologists, PAH specialists, obste-
tricians, intensive care specialists and obstetric anaesthetists
is suggested to minimise disease activity and organ damage

and to optimise health-related quality-oflife in pregnant
women with SLE-PAH.* Taken together, a comprehensive
management can considerably decrease the risks of preg-
nancy and improve prognoses in patients with SLE-PAH. It is
recommended that shared decision on pregnancy should be
made between informed patients, her family members and
her physicians.

Most studies of pregnant women with pulmonary hyper-
tension have only focused on congenital heart disease-
associated pulmonary hypertension, which has exhibited
good response to target therapy and tends to improve
significantly through treatment. Unlike congenital heart
disease-associated pulmonary hypertension, SLE-PAH
is considered a potentially reversible condition because
its severity is positively correlated with level of inflamma-
tion®™ and disease activity of SLE.”” Therefore, earlier
and intensive immunosuppressive treatment for SLE is
one of the most important components of a successful
pregnancy outcome in a patient with SLE-PAH.

PAH-specific treatment is another important pillar of
a treatment-to-target therapy in pregnant patients with
SLE-PAH. Advances in target therapies have allowed
successful pregnancies in patients with congenital heart
disease-associated PAH.'" ** % Target therapies have also
been used in pregnant patients with SLE-PAH in several
case reports.”” % *” A combination therapy may further
improve exercise tolerance, quality of life and patient
survival.**** Phosphodiesterase-5 inhibitors and prosta-
cyclin receptor agonists are relatively safe with the Food
and Drug Administration (FDA) pregnancy category B
(tadalafil, vardenafil, treprostinil) and C (iloprost), and
can be used when necessary during pregnancy compli-
cated by SLE-PAH. However, special attention must be
paid to certain endothelin receptor antagonists and
guanylate cyclase agonists (such as riociguat), which
have teratogenic effects and must be avoided during
pregnancy.” ** Additionally, the comprehensive applica-
tion of inotropic, diuretics, anti-infection, antiplatelets
and anticoagulants, and oxygen therapies also has a posi-
tive effect on haemodynamic parameters and maternal

45 46
outcomes.™
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This case series is limited by its small size and broad
time range of pregnancy cases complicated by SLE-PAH.
Moreover, most of the reviewed literature set out to intro-
duce successful managements of SLE-PAH pregnancy.
Therefore, potential bias, such as an overestimation of
the survival rate, in prior studies needs to be considered.

CONCLUSION

In conclusion, the results of this case series and literature
review confirm that pregnancy is still a significant chal-
lenge for both patients and physicians; however, through
careful planning and appropriate PAH-specific therapies,
a successful pregnancy could be possible in women of
reproductive age with SLE-PAH, especially when SLE-PAH
is controlled quite well and treatment goals are achieved.
Collaboration between patients, family members and
physicians contributed to achieving a successful pregnancy
outcome with awareness of potential risks. Therefore, a
combination of proper therapy, monitoring and evaluation
may contribute to lowering the risk of adverse events in preg-
nancy cases complicated by SLE-PAH. More attention should
be given to establishing consensus on the management of
SLE-PAH-associated pregnancies in future studies.
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