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ABSTRACT: Pulmonary hypertension associated with congenital heart disease represents a significant challenge
for clinicians due to its complex pathophysiology and diverse presentation. This patient population exhibits
a broad spectrum of anatomical and hemodynamic abnormalities, with congenital heart disease-associated
pulmonary arterial hypertension (PAH-CHD) comprising a significant proportion of pediatric pulmonary
hypertension (PH) cases. Although progress in diagnostic methods and treatment options has been made,
PH continues to be a major contributor to illness and death among affected pediatric patients, especially
when diagnosis or treatment is postponed. This review aims to equip non-specialist clinicians with a
better understanding of PH associated with congenital heart disease, focusing on its pathophysiology,
clinical presentation, and diagnostic criteria. Key recommendations for evaluating and managing this
fragile population are presented, emphasizing the importance of early recognition and multidisciplinary
collaboration. As an increasing number of congenital heart disease patients reach adulthood, understanding
its lifelong impacts becomes crucial for improving outcomes and creating tailored treatment approaches.

KEYWORDS: Pulmonary arterial hypertension; congenital heart disease; pulmonary hypertension
associated with congenital heart disease

1 Introduction

Pulmonary hypertension (PH) associated with congenital heart disease encompasses a
unique patient population, one that involves a variety of complex anatomic and hemodynamic
abnormalities [1]. This group is increasingly common, with recent epidemiological research indicating
an incidence of 2.2 cases per million and a prevalence of 15.6 cases per million for congenital
heart disease-associated pulmonary arterial hypertension (PAH-CHD) [1,2]. Pulmonary arterial
hypertension (PAH), classified as Group 1 PH, ranks as the second most common cause of PH among
pediatric patients [3,4]. Furthermore, PAH-CHD comprises nearly 60–75% of all patients classified in
the World Symposium of Pulmonary Hypertension (WSPH) Group 1 [3–5].

In the past, classifying patients with PH associated with congenital heart disease has been
complex, and the classification system for PH has evolved to better describe biventricular
and single-ventricle circulations [1,6–9]. Despite the revised classification from the 6th World
Symposium on Pulmonary Hypertension in 2018, it is increasingly acknowledged that patients
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with complex congenital heart disease may span multiple categories, exhibiting characteristics of
various PH groups at different points in their condition’s progression [1,7,9].

The prognosis for PH associated with congenital heart disease differs widely and is primarily
influenced by the type of defect, age at diagnosis, and available therapeutic approaches [4]. With
limited prospective trial data available for this group, therapeutic strategies are commonly informed
by clinical expertise and smaller retrospective analyses, adapted to the patient’s unique cardiac
defects [1,4].

This review focuses on delineating the major PH groups linked to congenital heart disease,
elucidating the underlying pathophysiology, and summarizing the latest clinical guidelines for
assessing and managing this varied and vulnerable patient cohort.

2 Classification of Pulmonary Hypertension Associated with Congenital Heart Disease

PH associated congenital heart disease may be classified into one of four World Health
Organization pathogenic categories: Group 1, PAH; Group 2, PH caused by left-sided heart
conditions; Group 4, PH resulting from pulmonary artery blockages; and Group 5, PH with
uncertain or multifactorial causes, encompassing complex congenital heart disease [1,4]. See Table 1.
PAH is specifically characterized by a mean pulmonary artery pressure (mPAP) greater than 20
mmHg, a pulmonary capillary wedge pressure (PCWP) of 15 mmHg or lower, and a pulmonary
vascular resistance (PVR) of 3 Wood units or greater [1,10–12]. PAH-CHD is a sub-group of Group
1 PAH and can be further broken down into four clinical sub-categories: Eisenmenger syndrome,
PAH associated with systemic to pulmonary shunts, PAH with small cardiac defects (such as atrial
septal defects and ventricular septal defects), and PAH after cardiac defect closure [12,13]. As a
growing number of individuals with CHD survive into adulthood, we can expect a corresponding
rise in the prevalence of PAH-CHD [3,4,14].

Table 1: Pulmonary Hypertension Associated with Congenital Heart Disease.

WHO PH Category: Examples:

Group 1 PAH-Congenital Heart Disease

■ Eisenmenger syndrome
■ PAH due to large persistent left to right shunts
■ PAH with coincidental congenital heart disease (small defects)
■ PAH after cardiac defect closure

Group 2 Left-Sided Heart Disease

■ Left heart obstructive disease
■ Ventricular dysfunction (systolic or diastolic)
■ Mitral of Aortic valve disease
■ Pulmonary vein stenosis

Group 4 Pulmonary Artery Obstruction ■ Congenital pulmonary artery stenosis

Group 5 Unclear or Multifactorial
Mechanisms

■ Complex congenital heart disease
■ Single ventricle after BDG or Fontan
■ Segmental PH

Notes: WHO, World Health Organization; PH, pulmonary hypertension; PAH, pulmonary arterial hypertension; BDG,
Bidirectional Glenn.

3 Pathophysiology

The pathophysiology of PH in congenital heart disease is complex but largely involves a
series of vascular changes that result in increased PVR and eventually right heart failure [15,16].
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The three primary mechanisms contributing to PAH involve the nitric oxide pathway, endothelin
pathway, and prostacyclin pathway [4,15]. See Fig. 1 for pathway details. Heart defects involving
systemic-to-pulmonary shunts contribute to volume and pressure overload in the pulmonary
circulation, triggering shear stress, circumferential stretching, and damage to the endothelium [13,
17,18]. These vascular alterations result in the overexpression of vasoactive mediators (endothelin-1)
that lead to vasoconstriction and under expression of mediators (nitric oxide and prostacyclin)
that result in vasodilation [13,17]. Sustained vasoconstriction, coupled with the release of growth
factors that foster intimal thickening, smooth muscle cell growth, and in situ thrombus formation,
contributes to elevated PVR and progressive, irreversible vascular pathology [13,14].
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PGI2, prostaglandin I2; IP, prostaglandin I2 receptor; AC, adenylate cyclase; ATP, adenosine triphosphate;
cAMP, cyclic adenosine monophosphate; ETA, endothelin type A receptor; ETB, endothelin type B receptor.

In the setting of increased afterload, the right ventricle undergoes a series of maladaptive
changes to enhance contractility and preserve cardiac output. This process, known as right
ventricular-to-pulmonary artery coupling, results in concentric hypertrophy [19–21]. The right
ventricle is capable of immense adaptation; however, ultimately, it becomes so dilated that it fails to
eject properly [19–21]. Additionally, a dilated and pressure-overloaded right ventricle can displace
the intraventricular septum toward the left ventricle, obstructing left ventricular outflow, leading
to inadequate left ventricular filling, and potentially causing fatal outcomes [19–22].
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A combination of genetic and environmental influences likely contributes to the development of
PAH-CHD. Over twenty genes associated with risk have been identified, connected to progressive
PAH in pediatric and young adult populations [23]. Several of the most widely reported of
these genes include the BMPR2, TBX4, BMP10, EIF2AK4, CAV1, ENG, KCNK3, and SMAD9
genes [23–28]. BMPR2 is a protein that inhibits smooth muscle and endothelial cell proliferation,
and prevents neointimal formation; therefore, disruption of the BMPR2 signaling pathway leads
to increased inflammation and hyperproliferation [29]. At the endothelial level, mutated BMPR2
fails to activate protein kinase A (PKA), resulting in inhibition of endothelial nitric oxide synthase
phosphorylation and decrease in nitric oxide production [29]. Pathogenic mutations in the BMPR2
gene contribute to roughly 70% of familial PAH cases, but they are less commonly associated with
PAH-CHD [30]. Pediatric patients with congenital heart disease who also have coexisting genetic
syndromes often experience a more rapid disease progression and poorer clinical outcomes [1].

4 Clinical Evaluation and Testing

4.1 History and Physical

Diagnosing patients with PH and congenital heart disease begins with a thorough medical
history and physical. Although early symptomology is often subtle and non-specific, early diagnosis
and treatment is imperative for improved survival [12,31,32]. For infants, early symptoms can
include tachypnea, tachycardia, poor feeding, and growth failure. For older children, dyspnea
on exertion and unexplained fatigue are the most common presenting symptoms at the time of
diagnosis [1,12]. Less common symptoms are syncope, near-syncope, and chest pain [12].

Early in the disease progression, physical exam findings may be unclear, but certain examination
techniques have been shown to serve as effective diagnostic tools. In particular, a prominent second
heart sound, jugular venous distension, and right ventricular heave are recognized as the most
reliable physical examination findings for identifying PH [31]. Additionally, as right ventricular
dysfunction progresses, patients may exhibit signs of right ventricular failure, such as peripheral
edema, ascites, and abdominal discomfort or distension [12].

4.2 Chest Radiograph

Chest radiographic findings are usually non-specific and do not correlate with disease
severity; however, they may provide insight to the degree of left-to-right shunting in patients
with PAH-CHD [1,33]. Pulmonary venous congestion, pulmonary artery enlargement, and right
heart enlargement can all be seen in patients with large left-to-right shunts. Conversely, oligemia
can be seen in patients with limited pulmonary blood flow secondary to cardiac disease states such
Eisenmenger syndrome or certain forms of complex single ventricle physiology [1].

4.3 Biochemical Markers

N-terminal pro-brain natriuretic peptide (NT-proBNP) is commonly used to help determine
the severity or progression of PH. The rationale for this is that the pressure/volume load on the
right heart will cause activation of the natriuretic peptide system and thus increase cardiomyocyte
production of B-type natiuretic peptide and its N-terminal cleavage product, NT-proBNP [34]. In
terms of risk stratification, redefined cut-off values for NT-proBNP (<300, 300–649, 650–1100,
and >1100 ng/L) for low, intermediate-low, intermediate-high, and high risk have been recently



Congenit Heart Dis. 2025;20(3) 329

introduced in the four-strata model published in the 2022 European Society of Cardiology–European
Respiratory Society (ESC/ERS) treatment guidelines [35]. Even though brain natriuretic peptide
levels have been found to correlate with the New York Heart Association functional class strongly,
the 6-min walk distance test, and various hemodynamic parameters, caution must be excised
when attempting to ascertain the relevance of NT-proBNP in the setting of pediatric patients
with PAH-CHD. N-terminal pro-brain natriuretic peptide is highly variable and rarely studied in
pediatric patients with congenital heart disease [34,36,37]. Many clinicians will use the NT-proBNP
as a marker of right ventricular health and response to therapy. Additionally, C-reactive protein
(CRP) can be elevated in PH patients and likely represents inflammation. Care must be taken in
PAH-CHD patients, as CRP can be elevated after surgery or in other inflammatory conditions.

4.4 Echocardiography

Noninvasive echocardiography is a highly effective screening technique for PH and is
typically the initial imaging approach for individuals with congenital heart disease [1,31,33,38].
Echocardiography is used to estimate the probability of PH by assessing chamber dimensions in
2D, estimating hemodynamics using spectral Doppler, and assessing right and left ventricular
function using tissue Doppler imaging, speckle tracking, and measurements such as tricuspid
annular plane systolic excursion and fractional area change [33]. Of note, recent guidelines suggest
that echocardiographic-derived systolic pulmonary artery pressure measurements are imprecise
and should not be used in guiding treatment [12,33,39]. Any patient with evidence of elevated
pulmonary artery pressure by echocardiography (such as increased tricuspid regurgitation velocity,
right ventricle/left ventricular basal diameter ratio of greater than 1.0, right ventricular dysfunction,
flattening of the interventricular septum or pulmonary artery enlargement) should undergo
diagnostic testing via cardiac catheterization [12,39,40]. In areas where cardiac catheterization is
not easily accessible, echocardiography may serve as the primary diagnostic method [41].

4.5 Cardiac Catheterization

Right and left-sided cardiac catheterization and acute vasoreactivity testing constitute the
definitive approach for diagnosis, treatment stratification, and prognostication of PH in patients
with congenital heart disease [33,42,43]. The initial cardiopulmonary hemodynamic assessment
should include right and left heart pressure measurements to determine PVR, transpulmonary
gradient (TPG), and severity of disease [42]. Additionally, other causes of PH including pulmonary
vein stenosis and bronchopulmonary dysplasia should be ruled out and pre-capillary PH should
be distinguished from post-capillary PH (see Table 2).

Acute vasoreactivity should be performed in all patients to help guide treatment strategy
and determine suitability for operability in patients with significant left-to-right shunts [1,42,44].
See Fig. 2. Inhaled nitric oxide (20–40 parts per million) alone or in combination with oxygen
are the preferred agents used for testing [1,42]. For patients without significant cardiac shunts, a
positive test per the modified Barst criteria is a 20% decrease in mPAP and indexed pulmonary
vascular resistance to indexed systemic vascular resistance ratio (PVRi:SVRi) without a decrease in
cardiac output [42,44,45]. In the presence of a positive test, a fall in the ratio of PVRi:SVRi below 0.4
may be an indication for calcium channel blocker therapy [42,44,46]. For patients with significant
left-to-right shunts (Qp:Qs > 1.5), vasoreactivity testing is used to distinguish reversible PAH from
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irreversible/progressive PAH and determine whether or not shunt closure may be undertaken
safely [44,45]. The suggested definition for a positive test in this population is a 20% decrease in
indexed PVR, an indexed PVR value below 6 Wood units, and a PVRi:SVRi ratio less than 0.3 [45].

Table 2: Hemodynamic Criteria for Pulmonary Hypertension.

Type of PH mPAP
(mmHg)

PAWP or
LVEDP

(mmHg)

PVRI
(WU·m2)

Diastolic
TPG

(mmHg)
Additional Notes

Precapillary PH >20 <15 ≥3 ≥7 -
Mixed Pre-Post Capillary PH >20 >15 >3 - -

Post-capillary PH >20 >15 <3 <7 -
Pulmonary Hypertensive Vascular Disease

(Biventricular patients) >20 - >3 - -

Pulmonary Hypertensive Vascular Disease
(Cavopulmonary Anastomosis) - - >3 - or mean TPG

> 6 mmHg

Notes: mPAP, mean pulmonary artery pressure; PAWP, pulmonary artery wedge pressure; LVEDP, left ventricular
end diastolic pressure; PVRI, indexed pulmonary vascular resistance; TPG, transpulmonary gradient; PH, pulmonary
hypertension.
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In patients with single ventricle physiology, cardiac catheterization can be a useful surveillance
tool, providing a detailed hemodynamic assessment that may or may not guide transcatheter and
medical therapies [47]. For this specific population, a low PVR is necessary to sustain adequate
pulmonary blood flow and provide optimal cardiac output. There is growing evidence to suggest
that a mPAP greater than 15 mmHg may be associated with early and late mortalities after Fontan
operation [42]. The Pulmonary Vascular Research Institute Panama classification defines pulmonary
hypertensive vascular disease following a cavopulmonary anastomosis as an indexed PVR greater
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than 3.0 Wood units or a transpulmonary gradient (TPG) greater than 6 mmHg, even if the mPAP
is less than 25 mmHg [42,48]. See Table 2.

5 Pharmacological and Surgical Treatment Considerations

In comparison to other Group 1 subgroups, limited data exists on drug treatment options for
patients with PAH-CHD [15]. Treatment strategies for these patients vary depending on clinical
scenario and operability. The most recent PH treatment guidelines published by the ESC/ERS
describe an updated four-strata treatment algorithm that stratifies patients based on risk (low,
intermediate-low, intermediate-high or high risk) and adjusts management accordingly [35,49].
High risk features include the presence of clinical symptoms (syncope, exercise testing intolerance,
6-min walking distance <165 m), elevated NT-proBNP (>1100 ng/L), and evidence of right
ventricular failure by echocardiogram, MRI, and right heart catheterization [35]. This treatment
algorithm may prove to be useful for the general practitioner; however, it should be noted that the
majority of risk stratification models have been validated primarily in patients with idiopathic PAH,
not specifically PAH-CHD [49]. Therefore, case by case evaluation is warranted in patients with
PAH-CHD, especially those with high-risk features and other comorbidities (genetic syndromes,
complex congenital heart disease, etc.). In high-risk patients or patients with cardiac lesions
that are deemed inoperable, pharmacotherapy may be the only available option [4]. Currently,
drugs used by PH specialists to treat PAH target the endothelin, nitric oxide, and prostacyclin
pathways [4,13,15]. See Fig. 1.

5.1 Endothelin Receptor Antagonists (ERA)

Bosentan, an oral dual antagonist of endothelin receptor type A (ET-A) and type B (ET-B),
suppresses smooth muscle proliferation by attaching to receptors on vascular smooth muscle
endothelial cells and blocking endothelin-1 function [16,50,51]. It is one of the most well-studied
drugs to treat Eisenmenger syndrome and has been associated with hemodynamic improvements,
increased survival, improved WHO functional class, and six-minute walking distances [16,50–52].
On the other hand, Bosentan has been associated with increased hepatic transaminase levels;
therefore, monthly liver function testing is recommended [52]. If there is a mild to moderate
increase in the hepatic transaminase levels, the clinician could consider decreasing the dose
in half for a week and then rechecking the levels. If the levels are significantly increased,
discontinuation of the medication is likely warranted. Based on the current data, the American
Heart Association/American College of Cardiology and European Society of Cardiology guidelines
recommend Bosentan as first-line medical therapy in patients with PAH-CHD who are not eligible
for defect closure [13,15,35,53].

Ambrisentan is an oral selective endothelin receptor antagonist that preferentially blocks
ET-A receptors and can be administered in a single daily dose. In patients with PAH, it has
demonstrated efficacy in improving exercise capacity, lowering plasma B-type natriuretic peptide
levels, and reducing rates of clinical worsening [35,54]. Additionally, Ambrisentan carries a
lower risk of aminotransferase abnormalities and only requires laboratory monitoring once every
three months [35,54].

Macitentan is another dual endothelin receptor antagonist that is relatively new to the drug
market but has shown to be a safe and efficacious option for the treatment of PAH-CHD [52,55,56]. The
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SERAPHIN (Study with an Endothelin Receptor Antagonist in Pulmonary Arterial Hypertension
to Improve Clinical Outcome) multicenter randomized control trial, which included 62 PAH-CHD
patients, showed a significant improvement in mortality and morbidity with drug use [52,55,57].
Macitentan has been shown to have better tissue properties and remains an appealing option due
to its once-daily dosing and lack of associated liver toxicity [35,52,55]. Macitentan is currently
not approved for use in children [35]; however, several reports of its off-label use in children
(used either as monotherapy or adjunct therapy) for severe cases have shown that this drug is
rather well-tolerated with minimal side effects, such as hepatotoxicity and hypotension [58–60].
The TOMORROW study—a large multicenter placebo controlled trial investigating the use of
Macitentan in 148 pediatric PAH patients—is currently in process and should provide more data to
validate these preliminary findings [58].

5.2 Phosphodiesterase-5 (PDE-5) Inhibitors

Phosphodiesterase-5 (PDE-5) inhibitors are a subclass of drug that elicit pulmonary
vasodilation and inhibit smooth muscle proliferation by increasing levels of cyclic guanosine
monophosphate in the nitric oxide-cyclic guanosine monophosphate-protein kinase G signaling
pathway [52,61]. Utilization of PDE-5 inhibitors in patients with PAH have shown clear clinical
and statistical benefits in regards to WHO functional class, six-minute walking distance, mean
pulmonary artery pressure, and cardiac index, irrespective of the underlying etiology [61,62].

Sildenafil is an oral PDE-5 inhibitor that is widely used in the PAH population due to its ease
of use and low cost [52]. The most commonly reported side effects include vomiting, headache,
bronchitis, pyrexia and diarrhea [13,52].

Tadalafil is a longer-acting oral PDE-5 inhibitor that has been shown to improve WHO functional
class, increase six-minute walking distance and reduce PVR in patients with Eisenmenger syndrome
[52,63]. Additionally, Tadalafil is given once daily; therefore, compliance may better than Sildenafil.

5.3 Soluble Guanylate Cyclase Stimulators

Soluble guanylate cyclase stimulators are a relatively new class of drugs that act directly on the
nitric oxide pathway to promote vasodilation and inhibit cellular proliferation. Riociguat is the first
FDA-approved drug for the treatment of adults with PAH and patients with chronic thromboembolic
PH (Group 4). The drug works via two mechanisms: It sensitizes soluble guanylate cyclase to
endogenous nitric oxide, and it directly stimulates soluble guanylate cyclase receptors, independent
of nitric oxide availability [13,64]. This is in contrast to PDE-5 inhibitors that depend on endogenous
nitric oxide to work [13,64]. The PATENT-1 trial, a global multi-center clinical study, assessed the
safety and efficacy of Riociguat in symptomatic PAH patients who were either treatment-naive
or receiving therapy with an endothelin receptor antagonist or a non-inhaled prostanoid [64,65].
The study found that patients treated with Riociguant in both groups had significantly improved
exercise intolerance and consistently improved pulmonary hemodynamics, WHO functional class,
and time to clinical worsening [64,65]. Coadministration of Riociguat and PDE-5 inhibitors is
contraindicated due to an additive hypotensive effect [64].
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5.4 Prostacyclin Analogs and Non-Prostacyclin Receptor Agonists

Prostacyclin analogs are fast-acting, potent pulmonary vasodilators that also inhibit platelet
aggregation, inhibit smooth muscle proliferation, and induce smooth muscle relaxation [13,66].
Synthetic prostacyclin analogs such as Epoprostenol, Iloprost and Treprostanil have been clinically
proven to confer benefits in function, morbidity, and mortality in patients with PAH [67].
Additionally, they offer an array of parenteral and non-parenteral (inhaled or oral) treatment
options. Their use in patients with PAH-CHD has been limited due to their adverse side effects and
the need for central venous access which carries the additional risk of infection and thrombosis.
For this reason, prostacyclin analogs are reserved for more symptomatic patients (WHO functional
class III or IV) and/or lack response to oral therapies [52].

Selexipag is a new oral non-prostanoid IP receptor agonist that entered the drug market
in 2015 and has vasodilatory and antiproliferative effects on the pulmonary vasculature [68].
Unlike other prostacyclin analogs, it does not cause receptor desensitization. The randomized
controlled Prostacyclin (PGI2) Receptor Agonist In Pulmonary Arterial Hypertension (GRIPHON)
study showed that Selexipag, added as a third agent, was shown to increase cardiac index and
significantly reduce PVR in PAH patients who were already receiving treatment with an ERA and
a PDE-5i [69,70]. Common side effects include headache, nausea, jaw pain, diarrhea, and myalgia.
In some cases, a patient can first be stabilized on a prostacyclin and then transitioned to Selexipag.

5.5 Combination Therapy

According to the ESC/ERS guidelines, patients with PAH-CHD who are deemed low or
intermediate-risk should be offered dual-combination therapy upfront (ERA and PDE-5 inhibitor).
This recommendation is based off results of the AMBITION study, which showed significant
improvements in the six-minute walking distance and NT—proBNP levels with combination
therapy (Ambrisentan and Tadalafil) [35,71]. Interestingly, the TRITON study showed no benefit of
oral triple-combination therapy (Macitentan, Tadalafil, Selexipeg) versus oral dual-combination
therapy (Macitentan and Tadalafil) for this group [35,72]. For PAH-CHD patients who fall into the
high-risk category, upfront triple therapy is recommended (ERA, PDE-5 inhibitor, and prostanoid
analog) due to the highest likelihood of success [35,49].

5.6 Surgical Treatment Considerations

Surgical or percutaneous closure of congenital heart defects is generally contraindicated
when significant pulmonary vascular disease is present. Patients with PAH-CHD with persistent
systemic-to-pulmonary shunts and mild-to-moderately elevated PVR require a more complex
management strategy and should undergo careful evaluation for consideration of shunt closure.
The decision to close a shunt depends on several factors including the size and location of the defect
and the severity of PAH determined by cardiac catheterization [13]. See Fig. 3. In general, shunt closure
is recommended when there is net left-to-right shunting (Qp:Qs > 1.5), a PVR index < 4 WU·m2), and a
PVRi:SVRi ratio less than 0.3. Conversely, closure is discouraged when the PVR index is >8 WU·m2

and/or the PVRi:SVRi ratio is greater than 0.5 [13,49]. See Fig. 3. The grey area in between (PVR
index between 4–8 WU·m2 or PVRi:SVRi ratio 0.3–0.5) requires case-by-case evaluation and should
also take into account patient risk factors and associated comorbidities (genetics syndromes such
as Trisomy 21) [13,42,49]. Although long-term supportive data is lacking, the “treat-and-repair”
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approach can be an option for selective patients that fall into this ambiguous grey area. This
approach utilizes PAH-targeted pharmacotherapy with 1–2 medications to lower PVR as a bridge
to partial or complete defect closure [13,49,73]. It has also been considered for patients with a PVR
index > 8 WU·m2, where the goal is to decrease the PVR index < 8 WU·m2 [73]. No matter the
situation, the treat-and-repair approach is risky and warrants close follow-up and hemodynamic
re-evaluation.

10 Congenit Heart Dis. 2025;volume(issue) 
 

 
Figure 3: Surgical Treatment Considerations in Congenital Heart Disease—Pulmonary Arterial Hypertension. 
PVRi:SVRi, indexed pulmonary vascular resistance to indexed systemic vascular resistance ratio; Qp:Qs, ratio of pulmo-
nary blood flow to systemic blood flow; PVRi, indexed pulmonary vascular resistance; AVT, acute vasoreactivity testing. 

5.7 Single Ventricle Circulation 
Succeeding significant surgical improvements in patients with single ventricle physiology over the 

years, there is now a growing interest in improving quality of life in these patients by optimizing their PVR 
with the use of pulmonary vasodilators. PVR plays a key role in determining total cardiac output for these 
patients, and even the slightest increase can result in significant morbidity [74]. In a recent meta-analysis 
by Wang et. al, nine randomized control trials involving 381 patients with Fontan physiology were reviewed 
and results indicated that pulmonary vasodilators (mainly PDE-5 inhibitors and ERA’s) were generally 
well-tolerated and their use led to significantly improved hemodynamics, reduced the NYHA functional 
class, increased six-minute walking distance, and improved peak oxygen consumption during exercise test-
ing [75]. However, no significant change in mortality or BNP/pro-NT BNP levels was seen [75]. Despite 
these promising results, the level of evidence to support routine recommendation of pulmonary vasodila-
tors for Fontan patients is limited and careful review of each patient’s hemodynamic profile is recom-
mended prior to initiating therapy. 

6 Conclusions 
Managing pulmonary hypertension in patients with congenital heart disease is an intricate process that 

requires both a deep understanding of the underlying pathophysiology and a tailored approach to treat-
ment. The diversity in clinical presentations and disease progression highlights the necessity for personal-
ized care strategies. Non-specialist clinicians are essential in the early identification of symptoms and the 
prompt start of diagnostic evaluations, which are vital for enhancing long-term patient outcomes. Treat-
ment paradigms continue to evolve with the introduction of advanced pharmacological therapies targeting 
specific pathways and, when feasible, surgical interventions. These efforts collectively aim to mitigate disease 
progression, improve quality of life, and extend survival. 

Figure 3: Surgical Treatment Considerations in Congenital Heart Disease—Pulmonary Arterial Hypertension.
PVRi:SVRi, indexed pulmonary vascular resistance to indexed systemic vascular resistance ratio; Qp:Qs,
ratio of pulmonary blood flow to systemic blood flow; PVRi, indexed pulmonary vascular resistance; AVT,
acute vasoreactivity testing.

5.7 Single Ventricle Circulation

Succeeding significant surgical improvements in patients with single ventricle physiology over
the years, there is now a growing interest in improving quality of life in these patients by optimizing
their PVR with the use of pulmonary vasodilators. PVR plays a key role in determining total cardiac
output for these patients, and even the slightest increase can result in significant morbidity [74]. In
a recent meta-analysis by Wang et. al, nine randomized control trials involving 381 patients with
Fontan physiology were reviewed and results indicated that pulmonary vasodilators (mainly PDE-5
inhibitors and ERA’s) were generally well-tolerated and their use led to significantly improved
hemodynamics, reduced the NYHA functional class, increased six-minute walking distance, and
improved peak oxygen consumption during exercise testing [75]. However, no significant change
in mortality or BNP/pro-NT BNP levels was seen [75]. Despite these promising results, the level
of evidence to support routine recommendation of pulmonary vasodilators for Fontan patients
is limited and careful review of each patient’s hemodynamic profile is recommended prior to
initiating therapy.
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6 Conclusions

Managing PH in patients with congenital heart disease is an intricate process that requires both
a deep understanding of the underlying pathophysiology and a tailored approach to treatment. The
diversity in clinical presentations and disease progression highlights the necessity for personalized
care strategies. Non-specialist clinicians are essential in the early identification of symptoms and the
prompt start of diagnostic evaluations, which are vital for enhancing long-term patient outcomes.
Treatment paradigms continue to evolve with the introduction of advanced pharmacological
therapies targeting specific pathways and, when feasible, surgical interventions. These efforts
collectively aim to mitigate disease progression, improve quality of life, and extend survival.

Further research is essential to refine diagnostic tools, develop novel therapies, and optimize
management guidelines. In particular, the SV-INHIBITION study, a nationwide multicenter,
randomized, double blind, placebo-controlled study, currently in process, may provide more
supporting evidence for the use of Sildenafil therapy in single ventricle adolescent and adult
patients [76]. Multidisciplinary collaboration among pediatricians, cardiologists, pulmonologists,
and other specialists is paramount to achieving the best outcomes for this growing population. By
promoting collaboration and prioritizing a patient-focused approach, healthcare providers can more
effectively meet the intricate needs of individuals with congenital heart disease and associated PH.
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