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ABSTRACT This is the case of a young female who was seen at our adult congenital heart disease and

pulmonary hypertension service (Royal Brompton Hospital, London, UK) at the age of 17 years. She

initially presented at the age of 4 years with increasing shortness of breath. At that time, there was

differential cyanosis with clubbing and lower oxygen saturations in the toes (82%) compared with her

fingers (95%). On echocardiography there was evidence of severe pulmonary hypertension and a large

patent ductus arteriosus (PDA) with low velocity bidirectional shunting. She underwent cardiac

catheterisation at the time which showed a pulmonary arterial pressure equal to that of the aorta.
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PH is not rare in CHD patients and is best treated in centres combining CHD/PH expertise
http://ow.ly/psfQz

Question 1
What is the diagnosis and would you close this PDA?
The patient had a bidirectional shunt (thus also shunted right-to-left) at PDA level and had severe

pulmonary arterial hypertension (PAH) and had, therefore, developed Eisenmenger syndrome (fig. 1) [1].

PAH related to congenital heart disease (CHD) can be classified into four groups (table 1) according to the

severity of the disease and the presence/size of the defect. Eisenmenger syndrome is at the extreme end with

regards to the severity of PAH and the degree of cyanosis [2]. While Eisenmenger patients have severe

pulmonary vascular disease, with some following an aggressive course in childhood, patients reaching

adulthood may remain fairly stable for years or decades and have a prognosis that is better compared to

those with PAH after repair of CHD and those with severe PAH in the presence of a small defect [3–5].

It is clear that this defect should be left open once significant pulmonary vascular disease with reversal of the

shunt through the PDA has developed. Even though the PDA is responsible for the onset of PAH it is now

acts as a ‘‘relief valve’’, offloading the pressure overloaded right ventricle. While closure of the PDA can

easily be achieved percutaneously, this can lead to right ventricle failure hours, weeks, months or years after

the procedure, adversely affecting outcome. The same applies for patients with Eisenmenger syndrome in

the presence of an atrial or ventricular septal defect.

Our patient presented with a typical Eisenmenger phenotype early in life. The full Eisenmenger phenotype

with right-to-left shunting and overt cyanosis typically becomes manifest later in childhood or in
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FIGURE 1 a) Pressure tracings from the aorta (AO) and pulmonary artery (PA), demonstrating systemic levels of
pulmonary arterial pressures. Mean pulmonary arterial pressure is 54 mmHg. b) Cardiac magnetic resonance showing the
large patent ductus arteriosus (PDA), with bidirectional shunting between the PA to the descending AO. c) Computed
tomography of the thorax demonstrating an area of intrapulmonary haemorrhage in the left upper lung (white arrow).
The PDA is also seen between the AO and PA (black arrow).

TABLE 1 Types of pulmonary arterial hypertension (PAH) in congenital heart disease

A. Eisenmenger syndrome
Includes all systemic-to-pulmonary shunts due to large defects leading to a severe increase in PVR and a reversed (pulmonary-to-systemic) or
bidirectional shunt. Cyanosis, erythrocytosis, and multiple organ involvement are present

B. PAH associated with systemic-to-pulmonary shunts
Patients with moderate-to-large defects, in which the increase in PVR is mild-to-moderate, left-to-right shunt is still largely present and no
cyanosis is present at rest

C. PAH with small defects
Patients with a clinical picture very similar to idiopathic PAH, who have (coincidental?) small cardiac defects: a ventricular septal defect ,1 cm
and an atrial septal defect ,2 cm

D. PAH after corrective cardiac surgery
Congenital heart disease has been corrected but PAH is still present immediately after surgery, or has recurred several months or years after
surgery in the absence of significant post-operative residual congenital lesions or defects that originate as sequelae of previous surgery

PVR: pulmonary vascular resistance. Reproduced with modification from [2].
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adolescence/early adult life. The reason for this heterogeneity in presentation in patients with similar cardiac

anatomy remains unknown and has been attributed to different susceptibility of the pulmonary vasculature

and different response to the haemodynamic insult.

At the time of diagnosis of PAH (in childhood), no oral PAH therapies were available. Thus, the patient was

started on nifedipine, a calcium channel blocker.

Question 2
Are calcium channel blockers indicated in Eisenmenger syndrome?
According to available evidence and current guidelines, patients with idiopathic PAH should be assessed for

reversibility at the time of initial cardiac catheterisation and put on high dose of calcium channel blockers

when an adequate response to acute pulmonary vasodilator administration is seen [2]. The criteria for

defining vasoreactivity in idiopathic PAH (decrease in mean pulmonary arterial pressure o10 mmHg to an

absolute value f40 mmHg) do not apply here. No data are available on the usefulness of long-term

calcium channel blocker therapy in Eisenmenger patients. Minor vasoreactivity can even be observed in

Eisenmenger patients and has been reported to predict outcome [6]. While there is little value in performing

vasoreactivity testing in a CHD-PAH patient for the purpose of assessing eligibility for calcium channel

blocker therapy, reversibility studies are often performed in patients with CHD and borderline pulmonary

vascular resistance to assess operability [7–9]. The two indications should not be confused and the criteria

for defining vasoreactivity differ. Evidence-based criteria for assessing operability are still lacking and the

decision to operate is best taken in experienced centres, based on the available clinical information

(including catheterisation data).

The patient was first seen in the adult congenital heart disease service at the age of 17 years. On

examination, blood pressure and heart rate were normal. She did not appear to have cyanosis in her upper

body. She had no finger clubbing, but significant toe clubbing. Oxygen saturations in her fingers were

normal, but low in the toes (83%). There were no signs of congestive heart failure. On auscultation, there

was a normal first, but prominent second heart sound and a mild holosystolic murmur over the left lower

sternal border. There was no murmur over the PDA.

Question 3
Why is there no murmur generated by the PDA?
A large PDA generates an audible murmur as long as there is a sufficient pressure gradient between the aorta

and the pulmonary artery to sustain a high velocity shunt. As pulmonary vascular disease progresses, the

pressure difference between the great vessels falls progressively, and so does the intensity of the murmur. In

patients with Eisenmenger syndrome, the shunt is bidirectional, mainly from right-to-left, low-velocity and

with no associated murmur. A soft holosystolic murmur in the tricuspid area and a long diastolic murmur in

the pulmonary areas may be heard if tricuspid and pulmonary regurgitation, respectively, develop. The same

applies for patients with Eisenmenger syndrome in the presence of an atrial or ventricular septal defect.

In the absence of a high velocity shunt at PDA level in Eisenmenger patients it may be difficult to diagnose a

PDA on echocardiography. In fact, Eisenmenger patients with a PDA can, at times, be mislabelled as

idiopathic PAH. All patients with a new diagnosis of PAH should be investigated for differential cyanosis

and peripheral clubbing, especially when erythrocytosis is present (see below), and the presence of the PDA

confirmed on computed tomography of the pulmonary arteries or CMRI (fig. 1b).

When the patient was seen in the adult service, blood testing was performed demonstrating an increase in

haemoglobin concentration (18.4 g?dL-1) and haematocrit (56%), with evidence of iron deficiency (ferritin

10 mg?L-1 and transferrin saturation 13%). Mean cellular volume was normal. Brain natriuretic peptide

(BNP) was raised at 40 pmol?L-1 (normal range ,4 pmol?L-1).

Question 4
Why is haemoglobin concentration raised, does the patient require venesection and what is the significance of
a raised BNP in Eisenmenger patients?
An increase in haemoglobin levels in patients with cyanotic heart disease is a welcome compensatory

mechanism, aimed at increasing the blood’s oxygen carrying capacity. It is best referred to as

‘‘erythrocytosis’’ to distinguish it from polycythaemia rubra vera, with which it does not share the same

propensity to thrombotic and embolic events [10]. Erythrocytosis in cyanotic patients is often associated

with a decrease in platelet count and, at times, white cell count. Even though no validated algorithms exist

to establish the appropriate haemoglobin concentration for individual patients, in the presence of systemic

oxygen saturations of 80–85%, haemoglobin of 19–24 g?dL-1 is usually observed [5, 11, 12].

EISENMENGER SYNDROME | K. DIMOPOULOS

DOI: 10.1183/09059180.00007013560



Iron deficiency is common in cyanotic heart disease, and is encountered in up to one-third of patients [5,

13–15]. It is multifactorial, probably due to increased iron requirement, decreased absorption, bleeding, etc.

Iron deficiency is an adverse prognostic marker in this population [14]. All cyanotic patients should be

regularly screened for iron deficiency using transferrin receptor levels or, when not available, ferritin and

transferrin saturations. A low mean cellular volume is not commonly encountered in iron deficient cyanotic

patients and should not be used to exclude iron deficiency [16].

Venesections are best avoided in cyanotic CHD patients as they promote iron deficiency and can lead to

cerebrovascular events, probably due to a reduction in oxygen delivery to the brain [10, 17]. Venesections

should only be performed in patients with severe hyperviscosity symptoms in the presence of very high

haematocrit (.65%) and in the absence of dehydration and iron deficiency. In fact, severe iron deficiency

shares symptomatology with hyperviscosity. Adequate fluid replacement is essential, using filters to avoid

air emboli.

Iron supplementation is essential in patients who are found to be iron deficient. A single centre, non-

randomised cohort study on cyanotic patients with CHD showed that iron supplementation alone can

improve exercise capacity and quality of life. No cases of excessive erythropoiesis or new-onset severe

hyperviscosity symptoms were seen and no cases required venesection [18].

Elevated BNP concentrations are common in patients with Eisenmenger syndrome and relate to a higher

risk of death. A cut-off BNP value of 100 pg?mL-1 (,30 pmol?L-1) has been suggested as a marker of

adverse prognosis. Increases in BNP concentration over time have also been found to be of prognostic

significance. Thus, BNP can be a useful adjunct in guiding therapy in Eisenmenger syndrome [19].

When questioned about exercise limitation, the patient insisted that she was not significantly limited in her

ordinary activities. However, when looking into specific activities, it became evident that she could only

manage ,20 min walking on the flat or one flight of stairs before becoming very short of breath. She found

activities such as gardening and vacuuming difficult and, hence, avoided them. She achieved a distance of

only 340 m on the 6-min walk test (6MWT), with a significant drop in oxygen saturation to 70% in the toe.

Question 5
What is the patient’s current functional class?
The pulmonary hypertension guidelines suggest that only Eisenmenger patients in functional class 3 should

be considered for treatment with advanced therapies for PAH [2]. However, assessing the functional class in

PAH patients with CHD can be difficult using the New York Heart Association or World Health

Organization classification. Onset of symptoms early in life can modify symptom perception and lead to

chronic adaptation of everyday ‘‘ordinary’’ activities, as opposed to patients who develop exercise limitation

later in life and over a shorter period of time (e.g. those with idiopathic PAH) [15, 20, 21]. In order to avoid

underestimating their degree of limitation, patients should be asked specific questions on typical ordinary

activities (walking, climbing stairs, showering, cleaning, vacuuming, gardening, dancing, etc.) and specific

landmarks should be explored (e.g. distance from local train/metro station, distance from hospital entrance

or cardiology department) on a regular basis [22]. Addition of the above information to indices of objective

exercise capacity (exercise testing), imaging and BNP should influence the decision as to whether to initiate

therapies [23, 24].

The 6MWT is commonly used for assessing exercise capacity and response to therapies in Eisenmenger

patients. In a recent, single centre study on Eisenmenger patients, 6MWT distance (but not the rate of change

of 6MWT distance) was a strong predictor of outcome, while functional class seemed to lack the

reproducibility and discriminative power to follow subtle changes over time [23]. It is noteworthy that a lack

of predictive power of 6-min walk distance change on long-term outcomes is also seen in other forms of PAH.

Nifedipine was stopped and the patient underwent iron supplementation. Thereafter she was initiated on

the endothelin receptor antagonist (ERA) bosentan [18]. 4 months after the introduction of bosentan, an

increase of 60 m in 6-min walk distance was observed.

Question 6
What is the evidence for the use of advanced therapies for PAH in Eisenmenger patients?
The safety and efficacy of the ERA bosentan was established by the BREATHE-5 trial [25]. This was a

16-week randomised controlled trial on Eisenmenger patients in functional class 3 with a ventricular septal

defect or large atrial septal defect, which reported a statistically significant beneficial effect on 6MWT

distance and pulmonary vascular resistance [25]. It also reported an improvement in functional class but no

deterioration in systemic oxygen saturations [25]. It is also noteworthy that, on average, the 6MWT distance

and pulmonary vascular resistance worsened in the placebo group, suggesting progression of the disease
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over the relatively short duration of the study. The effect on 6MWT distance was maintained at 12 months

on the open-label extension and this improvement was confirmed in both patients with a ventricular septal

defect and an atrial septal defect [26, 27]. Further small trials have demonstrated the efficacy and safety of

sildenafil and tadalafil in this setting [28–30]. The long-term efficacy of advanced therapies in Eisenmenger

patients has now been confirmed in large registries [31]. There is also evidence of a beneficial effect of

advanced therapies on survival from a single centre retrospective study [32].

Data are still lacking on the optimal mode of following Eisenmenger patients in terms of assessing the need

for starting therapies, their efficacy and the need to up-titrate or escalate (combination therapy). In clinical

practice, functional status, 6MWT distance, echocardiographic parameters and BNP are commonly used,

but specific achievement targets have not yet been established in this population [5, 23, 32]. Moreover, the

value of repeat cardiac catheterisation as a follow-up tool remains controversial. Cardiac output in

Eisenmenger patients is maintained through right-to-left shunting and is unlikely to carry the same

prognostic power as in idiopathic PAH. Moreover, calculation of pulmonary vascular resistance is difficult

in patients with a PDA and those with complex cardiac anatomy.

A large proportion of Eisenmenger patients have Down syndrome. In these patients, neither subjective

measures of effort tolerance nor formal exercise testing are possible and can be inaccurate [33, 34]. An

improvement in quality of life is probably the most important target for therapy in all Eisenmenger patients,

especially those with Down syndrome.

Question 7
What other supportive measures should be taken in Eisenmenger patients?
Supportive measures are as important in Eisenmenger syndrome as advanced therapies [15]. These mainly

consist of avoiding pitfalls, such as submitting patients to non-essential general anaesthesia or sedation,

which carry significant risks. Venesection should be avoided and iron deficiency treated [10]. Dehydration

should be avoided. Patients should remain physically active while avoiding strenuous efforts, competitive

sports and extreme isometric efforts. There is little evidence to support long-term supplemental oxygen use.

Endocarditis prophylaxis is still advocated by international guidelines, in view of the increased risk of

embolic events, especially cerebral abscess [35]. Regular dental review is essential.

Acute arrhythmias, both ventricular and supraventricular, can lead to rapid deterioration and should be

managed promptly. Electrical cardioversion is often required and is best performed under the care of senior

anaesthetists experienced in PAH and Eisenmenger syndrome.

Haemoptysis is common in Eisenmenger patients and, in most cases, is self-limiting; however, massive

haemoptysis can lead to death (fig. 1c) [36]. When assessing a patient with haemoptysis, evaluation of the

airway, breathing and circulation is the first step. Bleeding cessation can be achieved through interruption

and/or reversal of anticoagulation. In massive haemoptysis, protection of airways, fluid resuscitation and

anti-fibrinolytic drugs (e.g. tranexamic acid) may be used with caution. Underlying lung infection should be

treated promptly. Haemoglobin levels should be corrected to levels appropriate for the oxygen saturations

and iron should be supplemented. Strict in-hospital observation is recommended. Escalation of advanced

therapies should be considered.

There is still controversy on the use of anticoagulants in Eisenmenger syndrome, with no convincing

evidence for or against their use [37]. Patients with arrhythmias, in situ thrombosis of the pulmonary

arteries, embolic phenomena or congestive heart failure should receive anticoagulation, in the absence

of contraindications.

Question 8
Is it safe for patients with Eisenmenger syndrome to become pregnant?
The issue of pregnancy should be discussed as early as possible in all patients with pulmonary hypertension

in view of the very high associated mortality (prohibitive) [38]. In a systematic review of the literature, the

risk of death due to pregnancy in patients with PAH-CHD was ,30% [5]. There are also significant risks to

the baby as there is an increased likelihood of prematurity and growth retardation (,80%), with an

increased associated risk of long-term neurological damage. Spontaneous abortion is not uncommon, and

relates to the degree of peripheral desaturation.

Even interruption of pregnancy carries risks in Eisenmenger patients, with risks of bleeding and the risk of

general anaesthesia when surgical interruption is required. Appropriate contraception with progesterone

only compounds, combined with barrier methods (dual contraception, especially in patients on bosentan

due to possible pharmacological interaction with oral contraceptives), is therefore paramount.
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Question 9
The patient has improved significantly on advanced therapy; can I now close the defect?
Defects should never be closed in Eisenmenger patients, regardless of the magnitude of response to medical

therapy. Closure of the defect risks transforming Eisenmenger physiology into an idiopathic PAH-like

condition, with more rapid right ventricular dilatation and progressive dysfunction, negatively affecting

long-term prognosis [3, 7]. Even for CHD-PAH patients with milder forms of pulmonary vascular disease,

the long-term outcome of a ‘‘treat and repair’’ approach (repairing the defect after optimal response to

medical therapy) has not been established and, thus, should be avoided until proven safe and effective [7].

Question 10
Can Eisenmenger patients fly?
Concerns about cyanotic CHD patients becoming unwell when flying, due to the ambient oxygen

concentration being lower than at sea level, are not supported by evidence. One retrospective study

questioning Eisenmenger patients on previous air travel demonstrated that most patients do not encounter

significant problems and supplemental oxygen is not generally required, especially for shorter flights [39].

However, definitive evidence is lacking.

Conclusions
PAH is common in patients with CHD and a congenital defect should always be sought and excluded in all

patients presenting with PAH. Echocardiography (with or without contrast injection) is pivotal in excluding

intracardiac defects, but even simple measures, such as careful measurement of oxygen saturations in the

fingers and toes at rest and after exercise, as well as serial sampling of oxygen saturation from the high

superior vena cava to the pulmonary artery during cardiac catheterisation, can aid in the diagnosis of

‘‘occult’’ CHD. Such patients are best treated in specialist centres combining CHD and PAH expertise, as

their physiology and natural history differs significantly to other types of PAH.
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