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Learning objectives 
· Review the diagnostic pathway for pulmonary arterial hypertension (PAH) in congenital heart disease (CHD).
· Understand and interpret right heart catheterisation data in pulmonary hypertension related to CHD.
· Recognise the typical presentation of PAH in patients with CHD.
· Explore the treatment options for PAH-CHD.
· Review and understand the management of common emergencies in PAH-CHD.
Abbreviations
6MWD – 6-minute walk distance
6MWT – 6-minute walk test
ASD – atrial septal defect
BNP – brain natriuretic peptide
cGMP – cyclic guanosine monophosphate
CHD – congenital heart disease
CPET – cardiopulmonary exercise test
CTCA – computed tomography coronary angiogram
ECMO – extracorporeal membrane oxygenation 
LV – left ventricle/left ventricular
NO – nitric oxide
PAH – pulmonary arterial hypertension
PAH-CHD – pulmonary arterial hypertension related to congenital heart disease
PAP – pulmonary artery pressure
PCWP – pulmonary capillary wedge pressure
PDA – patent ductus arteriosus
PH – pulmonary hypertension
PVD – pulmonary vascular disease
PVR – pulmonary vascular resistance
QoL – quality of life
Qp – pulmonary blood flow 
Qs – systemic blood flow
RV – right ventricle/right ventricular
TAPSE – tricuspid annular plane systolic excursion
TPG – transpulmonary gradient
VSD – ventricular septal defect
WHO – World Health Organisation
WU – Wood units


Introduction
Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure (PAP) above 20mmHg, determined by right heart catheterisation. PH is classified into 5 distinct groups based on underlying pathophysiology and haemodynamics (Figure 1) [1,2]. Patients with pulmonary arterial hypertension (PAH) have pre-capillary PH haemodynamics, defined as a mean PAP above 20mmHg, a pulmonary vascular resistance (PVR) greater than 2 Wood units (WU) and a pulmonary capillary wedge pressure (PCWP) less than or equal to 15mmHg [2]. PAH encompasses conditions with similar pathophysiological characteristics of the pulmonary circulation, and includes PAH associated with congenital heart disease (PAH-CHD), which is the focus of this article (Figure 2). PAH affects approximately 10% of patients with CHD, and PAH-CHD accounts for almost a third of the adult PAH population [3]. Delays in the diagnosis of PAH can be avoided if patients with CHD are regularly monitored in specialist tertiary centres, where clinicians are vigilant to all complications of CHD [2,4,5]. 
This article presents a review of the diagnosis and management of PAH-CHD, with emphasis on medical emergencies, which are commonly implicated in non-CHD cardiologists or PH physicians having to manage patients with PAH-CHD.
Clinical classification of PAH-CHD
PAH-CHD is subdivided into 4  categories, based on the underlying anatomy and physiology [2], these are described in detail in Table 1.  This article focuses primarily on groups B, C and D. 
· Group A: Eisenmenger syndrome 
· Group B: PAH in the presence of a moderate to large left-right shunt 
· Group C: PAH with small CHD defects 
· Group D: PAH following defect repair 
The incidence and prevalence of Eisenmenger syndrome is declining in developed countries as a result of timely diagnostic and therapeutic measures.[6] There is evidence that PAH after defect correction is becoming more common, as the number of patients with repaired CHD rises.[7,8] In the UK, children with repaired PAH-CHD now outnumber those with Eisenmenger syndrome.[9]


Table 1

Subgroups of Pulmonary arterial hypertension associated with congenital heart disease. 
	Subgroup
	
	Description

	Group A
	Eisenmenger syndrome
	The most extreme form of the PAH-CHD. Patients have a large shunt, typically post-tricuspid  (VSD, PDA or aorto-pulmonary window). Occasionally, patients with large pre-tricuspid shunts (ASD) may present with a similar clinical picture.. The shunt is initially left-to-right, and becomes bidirectional over time as PVD of increasing severity develops, causing cyanosis. At this point, the congenital heart defect is not amenable to correction. Complications are related to a combination of CHD, severe PAH, and chronic cyanosis. 

	Group B
	PAH in the presence of a moderate to large left-right shunt
	 These patients have  a mild to moderate increase in PVR. These patients can be further subdivided according to whether the CHD is amenable to correction, depending on the severity of the PVD. 

	Group C
	PAH with small CHD defects
	 (e.g., ASD < 2 cm in diameter or VSD < 1 cm diameter in adults), in which CHD can be deemed “coincidental” to the PAH; this is sometimes described as idiopathic PAH with a “small” congenital heart defect that would not be expected to cause PVD.

	Group D
	PAH following defect repair
	 PVR either remains elevated after defect repair, or PVD recurs or develops de novo, either early or late following defect repair. This requires the absence of a significant, post-operative shunt. 





PAH-CHD; pulmonary arterial hypertension, VSD; ventricular septal defect, PDA; patent ductus arteriosus, ASD; atrial septal defect, PVD; pulmonary vascular disease, CHD; congenital heart disease, PAH; pulmonary arterial hypertension, PVR; pulmonary vascular resistance. [2,11]

Clinical presentation and diagnosis of PAH-CHD
The timing of the development of PAH and the onset of symptoms varies between types of PAH-CHD. Patients born with large post-tricuspid shunts, e.g. a large ventricular septal defect (VSD), typically develop PVD early in life, becoming “inoperable” within the 1st year of life, yet may still have a left-right shunt and not become cyanotic for many years; i.e. they often stay in group B (prevalent left-to-right shunt) for years before transitioning to group A (Eisenmenger syndrome), often in late childhood or adolescence. Patients in group D (post-repair PAH-CHD) may have persistently high PVR after repair in childhood or adult life, or may (re)develop PVD months or years after repair [2,9].
The diagnosis of PAH-CHD is typically established within the routine care setting for patients receiving life-long care and monitoring in specialist CHD centres.[10] The diagnosis of PAH relies on a combination of symptoms, imaging, and requires cardiac catheterisation (with rare exceptions in adults with Eisenmenger syndrome and a large post-tricuspid shunt without RV outflow tract obstruction)[2]. Unfortunately, many CHD patients are lost to follow-up or followed in non-specialist services, highlighting the need for education of the general cardiologist in raising the clinical suspicion of PAH, as symptoms may be overlooked or are often attributed to the underlying CHD.
Early symptoms of PAH tend to occur during exertion, typically presenting with breathlessness and increasing exercise intolerance, though patients with CHD often adapt their ordinary activities to their ability from early life, and may under-report symptoms.  As the disease progresses, patients often develop congestive heart failure and may develop other signs and symptoms, e.g. dysphonia relating to compression by the dilated pulmonary arteries of the laryngeal nerve compression, angina-like symptoms as a result of compression of the left main stem, or syncope on effort [2]. Echocardiography remains instrumental in establishing the suspicion of PH and referring patients for cardiac catheterisation, which is the gold standard for diagnosing PAH [2,11] (Figure 2). 
Echocardiography
International PH guidelines provide clear criteria for the identification of PH on echocardiography in patients without CHD [2]. These are based on a combination of indirect estimates of pulmonary arterial pressure derived from Doppler interrogation of tricuspid and pulmonary regurgitation, and indirect signs of PH, e.g. dilatation of the pulmonary arteries or right ventricle (RV) (compared to the left ventricle, LV), eccentricity index of the LV (reflecting septal deviation due to RV pressure overload). While these criteria apply to many patients with CHD, there are complex or even simple congenital heart defects in which these criteria must be interpreted with caution. The simplest example is pulmonary stenosis, where a high tricuspid regurgitation maximum velocity and signs of RV pressure overload reflect the severity of pulmonary stenosis, not PH. Explanation of these concepts, which are fundamental for all cardiologists performing and interpreting echocardiograms in CHD patients, is provided by Dimopoulos et al.[12].  
Cardiac catheterisation
Cardiac catheterisation plays a central role in the diagnosis and risk stratification of PAH-CHD patients. Generally, right heart catheterisation is sufficient to establish the presence and severity of PH, as well as distinguish between pre- and post-capillary PH, and is nowadays associated with low mortality and morbidity in adults [13,14].  Serial oximetry allows the detection and quantification of shunts, while estimates of pulmonary and systemic blood flow (Qp and Qs, ideally using the direct Fick method with measurement of oxygen consumption), allow the calculation of PVR and systemic vascular resistance. All the above parameters are essential, for an accurate diagnosis and risk stratification, but also for  decisions regarding operability (for group B PAH-CHD), and the need for initiation and escalation of therapies as well as referral for transplant assessment [2]. 
The formula for the calculation of PVR (measured in Wood Units, WU) is probably the most important in this context: 





PCWP is used as a surrogate for left atrial pressure, which is not directly measurable during right heart catheterisation unless an atrial septal defect is present. The denominator is Qp, rather that the generic term “cardiac output”, that may lead to confusion and errors in CHD.
The numerator in this formula (mean PAP – mean PCWP) is the transpulmonary gradient (TPG) and can be described as the overall “force” that pushes blood through the lungs (from the pulmonary arteries to the left atrium). A high TPG (and PVR) is typical of pre-capillary PH (e.g. PAH-CHD), while patients with PH and a high PCWP, but low TPG and PVR have post-capillary PH (i.e. PH due to a rise in left atrial pressure, left heart disease). Pre- and post-capillary PH can exist in combination in CHD patients and significantly complicates management. The management of pre-capillary versus post-capillary, versus combined pre- and post-capillary PH differs significantly. In patients with CHD and pre-capillary PH, additional investigations are required to exclude other causes of pre-capillary PH, e.g. lung disease b,efore establishing the diagnosis of PAH-CHD [15].
Risk stratification
Once the diagnosis of PAH-CHD is established, risk stratification is recommended to guide treatment and the frequency of follow-up. While International PH guidelines provide tools for stratifying risk in PAH, most data are derived from idiopathic PAH and other non-CHD cohorts (at times only including small numbers of patients with group D, repaired PAH-CHD). As there are significant differences in the clinical presentation, pathophysiology and natural history between the 4 groups of PAH-CHD, prognostic parameters and cut-offs (e.g. for natriuretic peptide levels or measures of exercise capacity) are unlikely to apply across the board [2]. 
To date, most of the prognosticators reported in PAH-CHD refer to Eisenmenger patients, with little evidence available for the other 3 groups.[16] [17]. The WHO functional class is designed specifically for PAH patients to include (pre)syncope on efforts and evidence of congestive heart failure [2] [18]. The 6-minute walk test (6MWT) is typically used for objective assessment of exercise capacity in PAH as it is a cheap, widely available test designed to be sensitive and reproducible in patients with exercise intolerance of at least moderate severity. Cardiopulmonary exercise testing (CPET) can also be used and provides a more comprehensive assessment of exercise capacity, but is less widely available, may be less reproducible than 6MWT, and requires an exercise protocol that is tailored to the patient’s ability [2,19].  
In patients with PAH following defect repair, prognostic markers have been identified in the paediatric population and include the type of CHD, a higher post-repair indexed PVR, and the presence of RV systolic dysfunction, although robust risk stratification is lacking in the adult cohort.[20]
Quality of life (QoL) is routinely measured in PAH and has been recognised as a valid endpoint for trials in PAH. The emPHasis-10 questionnaire is widely used and is a validated PAH-specific health-related QoL measurement tool. It contains 10 questions providing 0-5 points each (Likert) for a maximum score of 50, covering symptoms of exercise intolerance and other effects of living with PH. It is associated with survival in Eisenmenger patients, other forms of PAH-CHD, and across the spectrum of PAH [21,22].
Non-invasive imaging provides additional prognostic information. Moceri et al. demonstrated that a composite score consisting of 4 echocardiographic parameters was strongly associated with survival in adults with Eisenmenger syndrome: tricuspid annular plane systolic excursion (TAPSE) <15 mm, right atrial area >25 cm2, the ratio or right atrial to left atrial area ≥1.5 and the ratio of RV effective systolic to diastolic duration ≥1.5 (derived from the tricuspid regurgitation Doppler) [23].  Recently, the TAPSE/systolic PAP ratio became part of the risk stratification of patients with PAH, yet little information is available for PAH-CHD patients. The same can be said for cardiac magnetic resonance parameters, including stroke volume index, right ventricle (RV) ejection fraction and right ventricular end-systolic volume index.  
Overall, there is still little evidence on the risk stratification of non-Eisenmenger PAH-CHD patients. While the pathophysiology and RV adaptation in PAH-CHD groups C and D resemble that of patients with idiopathic PAH, one should be cautious in applying risk models developed and validated for other forms of PAH to PAH-CHD [2,24].  
The management of PAH-CHD
The management of PAH-CHD focuses upon:
· Identifying “operable” patients who are eligible for repair of their congenital heart defect: patients in group B with mild PVD and significant left-right shunting (Figure 3).
· Treating eligible patients with PAH therapies: evidence for treatment is available for Groups A and D. There is no evidence for group C, though many experts support managing this as idiopathic PAH with coincidental CHD. Attention is required for group B for whom there is no evidence, and who often have a sizable left-right shunt that can be exacerbated by lowering PVR; yet some of these patients may be eligible for a “treat-and-repair” approach, i.e., using PAH therapies in “inoperable” group B patients with an ASD to lower PVR enough that fenestrated closure may be possible (Figure 3). [11]
· Additional general management principles, including regular follow-up in a specialist centre, keeping physically active whilst avoiding strenuous efforts or heavy weightlifting, meticulous oral and skin hygiene, contraception and iron supplementation.[2]
· Treatment of heart failure with diuretics, inotropes, and escalating PAH therapies, when feasible.
· Palliative care and transplantation in patients with advanced disease. [25].
Shunt closure
As mentioned above, shunt closure is typically considered when there is a significant left-right shunt with a Qp:Qs>1.5. Decisions around shunt closure require expertise, and accurate estimation of PVR is required in patients in whom there is suspicion of PVD. Shunt closure should certainly not be considered in patients with severe PVD who are cyanotic at rest or on exercise, e.g. during a CPET or 6MWT. A shunt can be closed safely if PVR is <3WU, and closure considered in those with a PVR 3-5  (Figure 3). However, even in patients with a PVR≥5WU, shunt closure may be considered: in post-tricuspid shunts, such as a VSD or PDA, the guidelines recommend careful case-by-case decisions in expert centres. In patients with an ASD and a PVR ≥5 WU, a treat-and-repair strategy may be pursued. If the PVR decreases to <5WU following treatment with PAH therapies, fenestrated ASD closure may be considered (Figure 3). Both percutaneous and open surgical options are available, with a preference for the former, when feasible, and careful perioperative management [11]. Closure of small ASDs in the presence of significant left-sided diastolic dysfunction and a raised PCWP should be avoided.
PAH therapies
PAH therapies were introduced in the 1980’s [25] and are targeted towards the major signalling pathways in the pathogenesis of PAH: 
1. Endothelin: Endothelin-1 is the main endothelin peptide, acting via ETA and ETB receptors to cause vasoconstriction and cell proliferation. Bosentan, ambrisentan and macitentan are orally active endothelin receptor antagonists.  
2. Nitric oxide (NO)/cyclic guanosine monophosphate (cGMP): Nitric oxide is an antiproliferative and vasodilator in the pulmonary vasculature. Phosphodiesterase-5 inhibitors that target this pathway include sildenafil and tadalafil. Riociguat is also active within this pathway. 
3. Prostacyclin: prostacyclin also causes vasodilatation and antiproliferation. Drugs acting on this pathway are available in oral, inhaled, intravenous and subcutaneous forms. 
4. Transforming growth factor  (TGF-) ligand: Sotatercept is a novel fusion protein which acts on TGF-. Altered signalling via TGF- appears to play a role in pulmonary vascular remodelling in PAH [26]
Most randomised controlled trial evidence in the Eisenmenger population is on monotherapy. The Bosentan Randomized Trial of Endothelin Antagonist Therapy-5 (BREATHE-5) used bosentan in patients with pre- and post-tricuspid shunts, demonstrating an improvement in functional class and 6-minute walk distance [27]. The subsequent Macitentan in Eisenmenger Syndrome to Restore Exercise Capacity (MAESTRO) failed to achieve its primary point of 6MWD; however, there were clear signs of efficacy in terms of BNP concentration and haemodynamics [28]. Additional smaller randomised controlled and uncontrolled studies have provided evidence on the efficacy of PAH therapies in this population, including prostanoid therapy [29,30].
PAH-CHD group D patients were included in large studies of PAH therapy with idiopathic PAH and other PAH forms [31–33]. The most recent of such studies used PAH therapies in combination (dual and triple), providing evidence of early sequential therapy with macitentan or selexipag, which should ideally be driven by regular assessment and risk stratification. Nowadays, most experts manage this group of patients aggressively, similar to patients with idiopathic PAH, depending on markers of disease severity and the response to treatment [2].
Other special considerations
Iron status is important in patients with PAH-CHD, including Eisenmenger syndrome, and should be routinely monitored and replaced where appropriate. Iron deficiency has been demonstrated to correlate with poor clinical outcomes in this population [2,34]. 
Anticoagulation decisions in patients with PAH-CHD are made on a case-by-case basis. Patients with a reversed shunt and Eisenmenger syndrome are deemed at increased risk of thromboembolic events, yet anticoagulants are not routinely initiated because of the increased risk of bleeding (such as haemoptysis, which can be fatal). There is no evidence for routine anticoagulation in any of the PAH-CHD groups, unless additional indications are present including recurrent arrhythmia, thromboembolic events, in situ thrombosis of the pulmonary arteries or severe congestive heart failure.  Limited data are available regarding the use of direct oral anticoagulants in this population, though these compounds are increasingly used in specialist centres. [2,35]. 
Finally, PAH-CHD is a progressive disease and, despite modern therapies and specialist care, most patients eventually develop right heart failure, requiring recurrent hospitalisations and suffering a reduction in QoL. Palliative care can play an important role in managing symptoms and preserving the patient's QoL and dignity, and should be introduced in parallel to escalating therapies and transplant assessment.[36]  
Emergencies in PAH-CHD
Clinicians working in non-specialist centres are most likely to come across patients with PAH-CHD in the context of an emergency presentation. A detailed description of possible emergencies in the PAH population is provided by Price et al., who introduced the acronym CRASH to describe the most common acute clinical scenarios [37]:
· Chest pain
· Right ventricular failure 
· Arrhythmia 
· Sepsis/Infection 
· Haemoptysis 
Where possible, the specialist PH centre should be contacted and early transfer facilitated, if safe.
Right ventricular failure 
The clinical presentation of PAH depends heavily upon the ability of the RV to adapt to the increased afterload caused by the high PVR. In the context of a chronically pressure loaded RV, acute RV failure is often triggered by a precipitating event, such as an arrhythmia, sepsis, or pulmonary embolism. In such cases, the underlying precipitant should be addressed, though clinical signs may be vague or non-specific. Patients presenting with cardiogenic shock should be transferred to the intensive care unit  for close monitoring of clinical and hemodynamic parameters [2,37]. Intubation and ventilation may be necessary but carry significant risks, and are best performed in the specialist centre. [2,37]. 
The management of heart failure in PAH patients consists of a combination of RV afterload reduction (PAH therapies or nitric oxide in the intensive care environment), support of RV contractility with inotropes, when necessary, and optimisation of RV preload with diuretics and close monitoring of central venous pressure [2,37]. In refractory/advanced heart failure, the next step is mechanical circulatory support with extracorporeal membrane oxygenation (ECMO) in a specialist centre, especially if a bridge to transplantation [2]. However, all the above must be weighed against the expected long-term survival, presence of multiorgan failure, the probability of transplantation or recovery, and previously agreed advance directives.
Chest pain in PAH-CHD
There are several causes of chest pain in PAH-CHD. This may be caused by a relative lack of perfusion of the significantly hypertrophied RV myocardium. It may also be caused by a dilated pulmonary artery and extrinsic compression of the left mainstem, which may be identified on a computed tomography coronary angiogram (CTCA). There have been several reports of successful percutaneous coronary intervention with stenting of the left main coronary artery, though any invasive intervention in patients with advanced PAH carries significant risks. 
Pulmonary artery rupture or dissection is rare in PAH-CHD, even in patients with very dilated pulmonary arteries, but can present with chest pain and massive haemoptysis or haemothorax [2,37]. Finally, as patients with PAH-CHD survive longer with modern therapies, the risk of developing atherosclerotic coronary artery disease or pulmonary emboli should not be forgotten [38]. 
Arrhythmias 
The most common arrhythmias in PAH are supraventricular tachyarrhythmias, including atrial flutter and atrial fibrillation.[39] Patients with PAH-CHD may have undergone previous surgery, which can also predispose to fibrosis and arrhythmias. Ventricular arrhythmias are less common in PAH, though more so in PAH-CHD. Any arrhythmia in a patient with significant PVD can lead to rapid haemodynamic compromise and death, even if the ventricular rate is not very high. Therefore, prompt cardioversion is vital, weighing this against the risk of anaesthesia, that should be administered by a senior anaesthetist with expertise in this field. In selected patients without adverse features (shock, myocardial ischaemia, heart failure or syncope), amiodarone may be utilised to restore sinus rhythm under close monitoring, while cardioversion is being organised. [2,37]. Beta-blockers are used in PAH-CHD with great caution in view of the potential for a negative inotropic effect on the RV [2]. 
Sepsis/Infections
Sepsis is likely to result in acute haemodynamic compromise in patients with established PAH. Standard sepsis management is recommended, and blood cultures should be sent. PAH-CHD patients have an increased likelihood of developing infective endocarditis, with potentially devastating effects, especially in those with cyanosis (cerebral abscess, paradoxical embolization of right-sided vegetations). Confusion or neurological signs should prompt urgent brain imaging[40]. Individuals receiving intravenous prostacyclin are at risk of line/tunnel sepsis, which should be excluded with blood cultures (peripheral and from the indwelling catheter, avoiding boluses of medication that can cause syncope). 
Close monitoring of fluid balance is essential. While management in intensive care may be required, intubation and mechanical ventilation should be avoided, where possible, due to the risks of hemodynamic compromise and increase in PVR/PH crisis [2,37,41].
Haemoptysis 
Haemoptysis is more common in PAH-CHD compared to other forms of PAH, particularly those with Eisenmenger syndrome. The severity of haemoptysis can vary from mild to massive life-threatening episodes. Haemoptysis is a medical emergency, and patients should be managed using local emergency department protocols [2,37,42]. The healthy non-bleeding lung should be protected by nursing the patient on the side of the bleeding lung and performing independent ventilation using a double-lumen endotracheal tube, or single lung ventilation to exclude the bleeding lung. Any anticoagulation should be reversed. Short-term tranexamic acid may be administered, even though there is a risk of thrombotic events, especially in Eisenmenger syndrome. 
Hypertrophied bronchial arteries are often the source of bleeding and may be a target for intervention (embolisation) once identified on computed tomography with an arterial phase. The usefulness of bronchoscopy is debated in PAH, and surgical lobectomy carries prohibitive risks in patients with significant PVD. [2,37]. 
Summary and conclusions
PAH is a common complication of CHD and impacts significantly on patients’ survival and QoL. Modern management has significantly improved outcomes in these patients, who require specialist care and close follow-up. It is crucial for non-ACHD cardiologists to be aware of the potential emergency presentations of PAH-CHD and contact specialist centres for advice and possible transfer.

Key points
· Regular and specialised monitoring of CHD patients can lead to early detection and improved management of PAH, a condition that affects a significant portion of the adult CHD population.
· PH Guidelines provide clear echocardiographic criteria for raising the suspicion of PH; these criteria may not apply and should be used with caution in CHD patients.
· Right heart catheterization is the gold-standard for diagnosing and risk-stratifying PAH-CHD patients
· In PAH-CHD emergencies (chest pain, right ventricular failure, arrhythmias, sepsis/infections, and haemoptysis), prompt discussion with a specialist centre is crucial, with early transfer if safe and feasible.

· 
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Figure 1: Subgroups of pulmonary hypertension 
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Description automatically generated]

PAH; pulmonary arterial hypertension, PH; pulmonary hypertension, CTD; connective tissue disease, CHD; congenital heart disease, HIV; human immunodeficiency virus, PVOD; pulmonary veno-occlusive disease, PCH; pulmonary capillary hemangiomatosis, PPHTN; persistent pulmonary hypertension of the newborn, HFrEF; heart failure with reduced ejection fraction, HFpEF; heart failure with preserved ejection fraction, CVD; cardiovascular disease, CTEPH; chronic thromboembolic pulmonary hypertension, PA; pulmonary artery. 
[2,11]


Figure 2: Pulmonary hypertension classification based on right heart catheterisation. 
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mPAP; mean pulmonary artery pressure, PVR; pulmonary vascular resistance, PCWP; pulmonary capillary wedge pressure, PH; pulmonary hypertension, Cpc; combined pre- and post-capillary pulmonary hypertension, Qp; pulmonary blood flow.
* For example, significant left to right shunt (e.g. large ASD without pulmonary vascular disease), Hepatopulmonary hypertension, hyperdynamic circulation (e.g. severe anaemia, hyperthyroidism) [2,11]


Figure 3: Indications for shunt closure in congenital heart disease. 
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ASD; atrial septal defect, VSD; ventricular septal defect, PDA; patent ductus arteriosus, WU; wood units, RV; right ventricular, Qp:Qs; ratio of pulmonary to systemic blood flow. [2,11]
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