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Abstract

Background: Although there are some data on how to manage and treat patients with Eisenmenger syndrome
due to simple cardiac defects, little evidence exists to guide best management of pulmonary vascular disease in
cases with more complex anatomy such as common arterial supply to both the systemic and pulmonary
circulations or univentricular physiology. Beyond the uncertainty on how to best assess and manage such patients,
there are added concerns with regards to the potential effects of treatment on the risk of cardiac arrhythmia, valve
regurgitation and excessive load to the ventricle with increased pulmonary blood flow.

Case presentation: We present a case of a patient with double inlet left ventricle and evidence of pulmonary
hypertension and describe his outcome on the therapies prescribed.

Conclusions: We review the literature and describe our approach to the patient’s management in light of the
available evidence and published literature.
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Background
Pulmonary arterial hypertension (PAH) describes a group
of conditions characterised by a mean pulmonary arterial
pressure ≥ 25mmHg, elevated pulmonary vascular resist-
ance and normal left atrial pressure. Eisenmenger syn-
drome (ES) occurs when any untreated congenital heart
disease (CHD) causes severe pulmonary vascular disease
and reversal of a systemic-to-pulmonary shunt, with re-
sultant cyanosis [1]. ES can be caused by simple (e.g. atrial
or ventricular septal defects) or complex CHD, which in-
cludes pulmonary atresia with aorto-pulmonary collat-
erals, double inlet left ventricle (DILV) and tricuspid
atresia with unprotected pulmonary circulation.
The first randomised controlled trial in patients with ES

demonstrated haemodynamic and functional improvement
following treatment with bosentan in patients with simple
defects [2]. There are also data from randomised trials

demonstrating efficacy of the phosphodiesterase-5 inhibi-
tors (PDE5i) sildenafil and tadalafil. These are all sum-
marised in a previous publication [3]. There are, however,
increasing data regarding the use of these therapies in pa-
tients with PAH associated with complex CHD [4–7].

Case presentation
Mr. Y was a 53-year-old statistician with a double inlet
left ventricle and discordant ventriculo-arterial connec-
tion with no pulmonary stenosis. He has never had any
intervention but was able to attend university despite be-
ing limited in his exercise capacity. Mr. Y was not inter-
ested in therapies until after becoming a father of two
daughters and realised the importance of being there for
them as they grew up.
Mr. Y was limited in his walking, placing him in WHO

functional class III but was otherwise relatively well – he
did not suffer from pre-syncopal episodes and only occa-
sionally experienced mild haemoptysis. He was deeply
cyanosed at rest, and rarely left the house. Before attend-
ing the pulmonary hypertension clinic, his main concern
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was of troubling ventricular tachycardia. His medication
included amiodarone and warfarin only.
The foremost priority, in terms of his management,

was control of the cardiac arrhythmia in order to im-
prove his quality of life. Unfortunately, he suffered from
the commonly encountered side-effect of thyrotoxicosis
from amiodarone therapy, which was refractory to con-
trol by medications and ultimately required ablation
with radio-crystal therapy. He was also fitted with a sub-
cutaneous implantable cardioverter defibrillator (ICD)
but continued to experience syncopal episodes, waking
up occasionally on the floor after ICD cardioversion. He
had no warning of the episodes and hence no pre-
syncope, suggesting that they were always due to
arrhythmia and not to limitation of cardiac output due
to high pulmonary vascular resistance.

Examination
Mr. Y was of slim build, with a BMI of 18.8. He was not
visibly short of breath at rest but was cyanosed and ex-
hibited finger clubbing. He had a right ventricular heave
and a single loud second heart sound on auscultation.
His peripheral oxygen saturations were low, desaturating
from 78 to 68% on exercise and he only managed a 6-
min walk distance (6MWD) of 180 m.

Investigations
His electrocardiogram revealed sinus rhythm but with
right bundle branch block and periods of ventricular

tachycardia (Fig. 1). As expected for a patient with DILV
and unprotected pulmonary circulation, Mr. Y had a di-
lated left ventricle though he maintained moderate dys-
function with a lateral mitral annular plane systolic
excursion (MAPSE) of 1.4 cm and systemic-level pul-
monary artery pressures, as expected. Mr. Y was not
agreeable to undergoing cardiac catheterisation, but he
did undergo cardiac magnetic resonance imaging (Fig. 2).
This demonstrated that when in sinus rhythm his ven-
tricular function was moderate (ejection fraction was
42%), but this became impaired if there was significant
arrhythmia. He had no significant valve disease, with a
dilated main pulmonary artery.

Management
As he had been managing relatively well thus far, a key
consideration was whether Mr. Y would benefit from
PAH therapy and if so, how this would impact on his
cardiac arrhythmia. Might it worsen his left ventricular
function by increasing the volume loading to his sys-
temic ventricle and, in turn, his arrhythmias and hence
quality of life?
Another consideration was how to monitor his re-

sponse to therapy, in the presence of a hypoplastic RV
and single ventricle physiology? Oxygen saturations were
low to begin with (78%) and may or may not improve
with therapy, as cyanosis within the single ventricle is
obligatory. Moreover, his degree of cardiac sarcopenia

Fig. 1 Electrocardiogram demonstrating right bundle branch block and broad complex tachycardia
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would make it difficult to assess improvement in exer-
cise function.
After discussion with Mr. Y, as well as with other

PAH-CHD professionals in the UK and USA, and ex-
trapolating from the BREATHE-5 study [2], Mr. Y was
started on the dual endothelin receptor antagonist
(ERA) bosentan in 2009. This increased his 6MWD to
250 m although there was no change in his peripheral
oxygen saturation at rest.
He has since moved to a combination of macitentan

(ERA) and tadalafil (PDE5i) both of which require once
daily administration, in an attempt to further improve
his quality of life [8]. Baseline oxygen saturations did not
change but the dual therapy resulted in further improve-
ment in his quality of life and he is now able to walk
350 m in the 6-min walk test. Reassessment of this
WHO status was now in class II. His left ventricle func-
tion did not deteriorate as assessed visually from echo-
cardiography, nor was there an increase in inflow or
outflow valve regurgitation. He suffered from no side ef-
fects of therapy, with no increase in gastro-oesophageal
reflux, nose bleeds or any further episodes of haemopty-
sis. He did not have increased arrhythmia, which had
been a previous concern.

Discussion and conclusions
Numerous challenges arise in managing patients with
complex CHD, such as paucity of evidence supporting
the use of a particular first-line therapy and difficulties
monitoring response to therapy due to complex cardiac
anatomy. In ES, there is good evidence for the use of
bosentan, predominantly from the first trial, published

in 2006 [2]. Since then there have been many case series
and evidence of improved life expectancy with bosentan.
The recent publication on the use of macitentan showed
a reduction in pulmonary vascular resistance in the
haemodynamic sub-study of patients with ES [9]. In
addition, tadalafil has been reported to be effective in ES
[10]. However, there remains limited information for the
more complex cases, as would be expected with such a
diverse range of anatomical substrates. It is likely that
optimal therapy will differ case to case in this heteroge-
neous patient group. However, ERAs show particular
promise, both alone and in combination with PDE5is.
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