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Abstract

Background: An increasing number of patients with previously repaired congenital heart disease (CHD) present
with pulmonary arterial hypertension (PAH). This can occur immediately after repair (residual PAH) or years later.

Case presentation: We present the case of a young woman who underwent repair of a ventricular septal defect in
later childhood. Three years after repair, she was found to have significant residual PAH. She remained stable on
PAH therapies, but a decade later decided to become pregnant against medical advice. She deteriorated during
pregnancy and required escalation of PAH therapies and eventual admission to the intensive care unit, with an
uneventful delivery at 32 weeks. Despite successful delivery, she remained symptomatic post-partum, with evidence
of disease progression at right heart catheterisation.

Conclusions: All patients with repaired CHD should undergo routine screening for PAH. Early diagnosis and expert
management, including the use of PAH therapies, is recommended to optimise outcome. Pregnancy is
contraindicated in PAH patients, including patients with CHD, and requires an expert multidisciplinary approach to
reduce morbidity and mortality when patients opt to proceed.
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Background
Pulmonary arterial hypertension (PAH) related to con-
genital heart disease (CHD) belongs to group 1 of the
international classification of pulmonary hypertension
(PH), as it shares a similar pathophysiology, clinical pres-
entation and response to therapy to other types of PAH,
such as idiopathic PAH or PAH related to connective
tissue disease (PAH-CHD) [1]. PAH-CHD encompasses
a wide spectrum of conditions and is classified into 4
groups (see article by R Condliffe entitled “Pulmonary
Arterial Hypertension associated with Congenital Heart
Disease: Classification and Pathophysiology” in this

issue). Group D PAH-CHD includes patients with PAH
after congenital heart defect correction. In some pa-
tients, PAH may persist after surgery or intervention,
typically when this is performed “late”. In other patients,
PAH develops months or years after repair. In the ab-
sence of a significant residual defect, patients with
repaired PAH-CHD are thought to behave more like pa-
tients with idiopathic PAH than those with Eisenmenger
syndrome in terms of cardiac pathophysiology and prog-
nosis [2]. Indeed, patients with repaired PAH-CHD have
been included in many studies of PAH therapy, together
with idiopathic and connective tissue disease-related
PAH [3–5]. In PAH-CHD, like in other types of PAH,
pregnancy is generally associated with significant, pro-
hibitive risks (depending on the severity of the PAH),
and is contraindicated [6, 7].
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We present the case of a young woman with persistent
PAH after repair of CHD, in whom significant progres-
sion of the disease was observed during pregnancy, re-
quiring escalation of PAH therapies.

Case presentation
This 12-year-old female presented to our tertiary cardiac
centre with a diagnosis of a peri-membranous ventricu-
lar septal defect (VSD) and patent foramen ovale (PFO).
As part of her initial assessment, she underwent diag-
nostic cardiac catheterisation. This showed a step-up in
oxygen saturations from mixed venous to pulmonary ar-
tery from 74 to 85%. Her mean pulmonary arterial pres-
sure (mPAP) was 44mmHg, with a pulmonary to
systemic blood flow ratio (Qp/Qs) of 2 and pulmonary
vascular resistance indexed (PVRI) of 6.5 WU.m2. Vasor-
eactivity testing with inhaled oxygen and nitric oxide
was performed, showing an increase in Qp/Qs to 3 and
decrease in PVRI to 4.8 WU.m2.
She underwent percutaneous VSD closure with a 14

mm Amplatzer occluder device following discussion in
the adult CHD multidisciplinary team meeting. Immedi-
ately post-deployment of the device, right ventricular
systolic pressure was 48mmHg. Three years after inter-
vention she became progressively short of breath on ex-
ertion and cardiac catheterisation was repeated. There
was severe pulmonary arterial hypertension with a PVRI
of 13.4 WU.m2 and a relatively small drop in PVRI with
nitric oxide, to 8 WU.m2 (Fig. 1). She was commenced
on PAH therapy with an endothelin receptor antagonist,
resulting in an improvement in functional status (from
functional class III to II).
She remained clinically stable for several years and at

the age of 24 decided to pursue pregnancy, despite re-
peated counselling regarding the risks. The endothelin
receptor antagonist was withdrawn, and she was com-
menced on sildenafil (a phosphodiesterase-5 inhibitor)
and anticoagulation with therapeutic doses of enoxa-
parin sodium as soon as she became pregnant. She
remained stable during the first half of her pregnancy,
however, she presented at 23 weeks’ gestation with in-
creasing shortness of breath and pre-syncopal episodes
on moderate effort. She also developed small-volume
haemoptysis related to a respiratory tract infection.
She was admitted to the intensive care unit for ad-
vanced monitoring and was started on intravenous
epoprostenol at slowly increasing doses up to 20 ng/
kg/min (Figs. 2 and 3). She also required respiratory
support with continuous positive airway pressure
(CPAP) and high-flow oxygen, as well as antibiotics.
She remained relatively stable and underwent un-
eventful elective Caesarean section at 32 weeks of
pregnancy, having a healthy baby boy.

She remained stable and was discharged from hospital
a week after delivery on triple combination therapy with
a sildenafil, macitentan (an endothelin receptor antagon-
ist) and intravenous epoprostenol.
Three months after delivery she remained in func-

tional class II. However, repeat right heart catheterisa-
tion showed severe PAH with a PVRI of 26 WU.m2

without reversibility (Fig. 1). She was referred for trans-
plant assessment but was deemed to be too well for im-
mediate listing. Eighteen months later she remains in
good condition, managing to take care of her baby and
remains off the active transplant list.

Discussion and conclusions
We present the case of a patient with a peri-
membranous VSD who underwent closure of the defect
with borderline haemodynamics. According to current
recommendations, a PVRI between 4 and 8 WU.m2 falls
within the so-called “grey zone”, i.e. not clearly operable,
but without prohibitive haemodynamics [8]. Patients
with borderline PVRI are a challenging group. Deciding
whether the shunt should be closed is difficult and con-
troversy remains on the merits of closing such defects
[9–11]. Closing the defect has the advantage of abolish-
ing left-right shunting and the associated load on the

Fig. 1 Cardiac catheterisation data: On presentation (left), the
cardiac catheter measured a PVRI of 6.5 WU.m2 on air and 4.8
WU.m2 after nitric oxide (NO). The patient was therefore in the
borderline “grey zone” for defect closure, according to current PH
guidelines. Three years after closure of the VSD, PVRI had risen to
13.4 WU.m2, dropping to 8 WU.m2 with NO. Twelve years later, 3
months after delivery, the PVRI had doubled to 26 WU.m2 with
no reversibility
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heart and pulmonary circulation. However, in cases in
which pulmonary vascular disease is present and
may progress, closing a defect that may act as a re-
lief valve for the right ventricle may prove detrimen-
tal in the long-term. Unfortunately, there is very
little evidence on which to base the decision to re-
pair defects in patients with a mild or moderate in-
crease in PVRI. In this patient, the PVRI not only
did not drop 3 years after defect closure, but in-
creased significantly despite abolishing the

ventricular shunt, an outcome that could not have
been predicted based on pre-intervention
haemodynamics.
Our patient decided to become pregnant despite ex-

tensive counselling with regards to the risks of preg-
nancy and delivery. Current evidence from systematic
reviews and registries suggests that mortality and mor-
bidity are high in PAH, despite an apparent improve-
ment in outcome in recent years [6, 7]. This
improvement may be related to several factors including

Fig. 2 Echocardiogram during the late stages of pregnancy: In a and b, the right ventricle is severely dilated and forms the apex, with
hypertrophy and preserved overall systolic function. The VSD closure device appears well seated in the peri-membranous region (arrow) with no
obvious residual shunt. The right atrium is severely dilated. In c and d, there is moderate tricuspid regurgitation (multiple jets) with an estimated
right ventricular systolic pressure of 89 mmHg plus right atrial pressure

Fig. 3 Echocardiogram: There is flattening of the septum in diastole (a) and systole (b) suggestive of RV pressure overload
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aggressive use of PAH therapies and the development of
multidisciplinary pregnancy and heart disease teams.
However, even when PAH patients survive pregnancy,
disease progression may be observed in patients who
may otherwise have remained stable for many years [8].
Further studies are needed to understand how to de-

cide on the operability of CHD patients with abnormal
pulmonary haemodynamics. When such patients do
undergo defect closure, close monitoring over the
months and years after the operation is required, to
identify those in whom pulmonary vascular disease per-
sists or progresses. Patients with repaired PAH-CHD
should be considered for PAH therapies early after diag-
nosis, with the aim to improve haemodynamics and
outcome.
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