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pulmonary arterial hypertension related to
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Abstract

Background: Eisenmenger syndrome is a multisystem disorder, characterised by a significant cardiac defect, severe
pulmonary hypertension and long-standing cyanosis. Despite the availability of pulmonary hypertension therapies and
improved supportive care in specialist centres, Eisenmenger patients are still faced with significant morbidity and mortality.

Case presentation: We describe the case of a 44-year-old woman with Eisenmenger syndrome secondary to a large
secundum atrial septal defect. Her pulmonary vascular disease was treated with pulmonary vasodilators, but she
experienced a progressive decline in exercise tolerance, increasing atrial arrhythmias, resulting in referral for transplantation.
Her condition was complicated by significant recurrent haemoptysis in the context of extremely dilated pulmonary arteries
and in-situ thrombosis, which prompted successful heart and lung transplantation. She made a slow recovery but remains
well 3 years post-transplant.

Conclusions: Patients with Eisenmenger syndrome secondary to a pre-tricuspid lesion, such as an atrial septal defect
have a natural history that differs to patients with post-tricuspid shunts; the disease tends to present later in life but is
more aggressive, prompting early and aggressive medical intervention with pulmonary arterial hypertension therapies.
This case illustrates that severe recurrent haemoptysis can be an indication for expediting transplantation in
Eisenmenger syndrome patients.

Keywords: Eisenmenger syndrome, Congenital heart disease, Heart and lung transplantation

Background
Pulmonary arterial hypertension (PAH) is a common com-
plication among patients with congenital heart disease
(CHD) [1, 2]. In the presence of an unrepaired left-to-right
shunt, pressure and/or volume overload of the pulmonary
circulation leads to vascular remodelling and dysfunction,
resulting in a progressive rise in pulmonary vascular resist-

ance and right ventricular overload [3]. There is growing
evidence to support the use of PAH therapies in PAH asso-
ciated with CHD (PAH-CHD) population, but despite re-
cent advances, mortality remains high. Patients with severe
PAH with an inadequate response to PAH therapy should
be considered for transplantation [4]. We present the case
of a patient with severe PAH and a large secundum atrial
septal defect (ASD), who was referred to transplantation
due to inadequate response to PAH therapy. Transplant-
ation was expedited after she presented with recurrent
haemoptysis in the presence of progressive, massive pul-
monary artery (PA) dilatation.
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Case presentation
A 44-year-old woman was referred to our service in 2002,
with an established diagnosis of a large secundum ASD. At
baseline, she had resting oxygen saturations of 97% on air.
At right heart catheterisation (RHC), there was no step-up
in saturations at the atrial or ventricular level. A mean
pulmonary artery pressure (mPAP) of 53mmHg was mea-
sured, with a pulmonary vascular resistance (PVR) of 12.7
WU, and PVR index (PVRI) of 22 WU.m2. Following
multi-disciplinary team discussion, ASD closure was
contra-indicated due to the presence of severe pulmonary
vascular disease. She was commenced on bosentan, an
endothelin receptor antagonist. Computed tomography
(CT) at the time of presentation also revealed dilated cen-
tral pulmonary arteries (main PA diameter 41mm, right
PA diameter 38mm), with no evidence of thrombosis.
The patient remained stable and active for several years,

even periodically attending gym classes, until 2010 when
she reported decreasing exercise tolerance and was noted
to be newly cyanosed at rest. Resting oxygen saturations
were 84% on air. She was commenced on combination
PAH therapy with the addition of sildenafil and remained
relatively stable until 2012, when she was urgently admit-
ted to hospital due to haemoptysis. CT pulmonary angiog-
raphy (CTPA) revealed massive progressive dilatation of
the proximal pulmonary arteries with an aneurysmal right
pulmonary artery measuring 57mm with in-situ throm-
bosis (Fig. 1). There were no obvious targets for bronchial
artery embolisation. The thrombi appeared chronic in na-
ture. There were also changes consistent with haemor-
rhage in the right upper lobe. The haemoptysis was self-
limiting, and she did not require blood transfusions, venti-
latory or inotropic support.

In the subsequent months she experienced progressive
deterioration in exercise capacity and dizziness on effort,
with echocardiographic evidence of deteriorating right
ventricular function (Fig. 2). A 6-min walk test was per-
formed, during which she achieved a distance of 220m.
Saturations dropped to 71% on exercise and the Borg
score at peak exertion was 9 out of 10 (almost maximal
perceived exertion). Sildenafil was uptitrated, but she de-
clined introduction of prostanoid therapy at this stage.
The patient was referred for transplantation assessment.
The outcome of this assessment was that she was a poten-
tial candidate for heart and lung transplantation (HLT)
but was deemed to be “too well” for active listing. Over
the following 9 months, she experienced multiple episodes
of decompensated heart failure triggered by arrhythmias
and underwent successful atrial flutter ablation. Six
months later she presented with atrial fibrillation with a
fast ventricular response. She underwent successful
pharmacological cardioversion with amiodarone. This
medication was continued long-term to maintain sinus
rhythm.
Over the next several months she presented with recur-

rent haemoptysis with three further episodes. Repeat RHC
revealed a mPAP of 52mmHg, a PVR of 11.3 WU (PVRI
20.3 WU.m2) without a significant left-to-right shunt.
There was a drop in the 6-min walk test distance from
300m to 220m, and the b-type natriuretic peptide level
rose from 149 to 568 ng/L (normal< 20 ng/L). During
these episodes, she was observed in hospital and was
treated with cough suppressants, antibiotics when there
were features of precipitation respiratory tract infection,
and blood products to keep her haematocrit at a level ap-
propriate for her resting oxygen saturation. She was
switched from bosentan to macitentan 10mg and she was
discharged from hospital, but her condition was further
complicated by amiodarone-induced thyrotoxicosis. Ami-
odarone was substituted with a low-dose beta blocker.
A further CTPA showed progressive massive dilatation

of the pulmonary arteries, resulting in marked right middle
lobe atelectasis secondary to compression and deviation of
the middle lobe bronchus by the inferior aspect of the
massively dilated right PA (right PA diameter 70mm;
Fig. 3). Similar to the CT after the first episode of haemop-
tysis, there were no clear targets for intervention and
embolization. The risk of thrombectomy and aneurysm re-
pair on cardiopulmonary bypass was felt to be preclusive
and not necessarily helpful in preventing further haemop-
tysis. Lobectomy was not considered as a viable option in
the absence of a target vessel and a single affected lung
lobe. In view of the recurrent episodes of haemoptysis, the
extreme aneurysmal dilatation of the pulmonary arteries
and the inadequate response to PAH therapies despite es-
calation, she was referred back to the transplant centre for
immediate listing. Nebulised iloprost was also commenced,

Fig. 1 Computed tomography of pulmonary arteries, illustrating
pulmonary artery dilatation and in-situ thrombus (arrow)
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albeit with an inadequate response. A few months later,
she underwent HLT. The operation was complicated by
prolonged stay in the intensive care unit necessitating a
slow respiratory wean, acute kidney injury requiring
haemodialysis, sternal dehiscence and a candida infection.
After a 5-month hospital stay, she was discharged home.
At 3 years follow-up from the time of the transplant, she
remained well with a good exercise capacity, swimming
three times a week and regularly attending a gym.

Discussion and conclusions
The European Society of Cardiology/European Respiratory
Society (ESC/ERS) guidelines provide recommendations for
the management of all types of PAH, including PAH-CHD
[5]. However, there is still limited evidence on the manage-
ment of PAH-CHD patients, both in relation to the use of
PAH therapies, and also with regards to risk assessment
and timing of transplantation. Patients with PAH-CHD are

a heterogeneous population that spans from ES to patients
with left-to-right shunts, small defects or previously
repaired defects. The clinical phenotype depends on the
size and position of the defect and the degree of pulmonary
vascular disease. In the absence of PAH, defect repair is rec-
ommended and can prevent future development of arrhyth-
mias or PAH. The presence of significant pre-operative
PAH, however, is associated with adverse events following
defect closure, including heart failure and death and so re-
pair is avoided [6]. For patients with a mild-moderate de-
gree of pulmonary hypertension in the presence of a left-
to-right shunt, management decisions can be complex and
require multi-disciplinary discussion in a specialist centre.
Initiation of pulmonary vasodilator therapy should be care-
fully considered as it may increase left-to-right shunting.
Furthermore, incomplete (fenestrated) defect repair may
have a role in selected cases.
Little is known why patients with pre-tricuspid shunts,

such as in the case described, develop severe pulmonary
vascular disease. Indeed, while large ventricular septal
defects (VSDs), large patent ducts or aortopulmonary win-
dows result in significant pressure overload and shear
stress to pulmonary arterioles, isolated ASDs would not
normally be expected to trigger pulmonary vascular dis-
ease. Despite this, a proportion of patients with large
ASDs may develop near systemic vascular resistance of
the pulmonary vasculature, with reversal of the shunt and
a clinical picture in keeping with ES. It has been hypothe-
sised that such patients may have an underlying genetic
disposition to developing pulmonary vascular disease [3].
In adult patients with ES associated with an ASD, the

cardiac phenotype differs from those with a VSD. In the
latter, the right ventricle (RV) is typically hypertrophied,
but is not significantly dilated, and systolic function is
often preserved for several years or decades after initial
presentation. In the former, the RV is typically severely
dilated and significantly impaired, with eccentric hyper-
trophy and severe right and left atrial dilatation, often

Fig. 2 a Transthoracic echocardiographic apical 4-chamber view illustrating a severely dilated right ventricle (RV) and right atrium (RA), a small
under-filled left ventricle (LV) and severe tricuspid regurgitation. b, c: Cardiovascular magnetic resonance images of the same patient,
demonstrating severe RV and RA dilatation, a dilated inferior vena cava (IVC) suggestive of raised central venous pressure, and a severely dilated
pulmonary artery (PA) with sluggish flow and in-situ thrombosis

Fig. 3 Computed tomography image illustrating dilatation of the
right pulmonary artery, with in-situ thrombus and right middle lobe
atelectasis (arrow)
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associated with significant tricuspid regurgitation. More-
over, clinical presentation is often late, after the second
decade of life, unlike patients with large post-tricuspid
shunts in whom PVD typically develops early in life (even
though the Eisenmenger phenotype may not develop until
the second decade of life). The presence of an atrial com-
munication in patients e.g. with idiopathic PAH is believed
to benefit the patient by providing some relief to the over-
loaded RV and boosting systemic cardiac output at the ex-
pense of cyanosis. However, it is not as efficient a “relief
valve” as a VSD or patent ductus arteriosus.
Patients with “Eisenmenger ASD” were included in the

BREATHE-5 study, the first randomised trial of PAH ther-
apy in ES. Subsequent subgroup analysis confirmed the effi-
cacy of bosentan in improving 6-min walk distance in this
cohort [7]. Current guidelines recommend lung transplant-
ation (LT) or HLT for patients with severe PAH who fail
pharmacological treatment [8] and remain in functional
class III or IV [9]. The only definitive treatment for ES is LT
with shunt closure or HLT [10, 11]. Nevertheless, the gen-
eral lack of organs and suboptimal survival after LT or HLT
underline the need for alternative therapeutic options [12].
While progressive, refractory heart failure is the most

common indication for transplantation assessment of
PAH patients, other signs of disease progression, such as
haemoptysis and progressive PA dilatation, need to be
considered. Although mild haemoptysis is common in
this cohort, recurrent, progressive and large-volume
haemoptysis is rarer and should be an immediate trigger
for clinical re-assessment and expedited referral for
transplant assessment.
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