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ABSTRACT Recent advances in the treatment of pulmonary arterial hypertension (PAH) have led to
improved patient outcomes. Multiple PAH therapies are now available and optimising the use of these
drugs in clinical practice is vital. In this review, we discuss the management of PAH patients in the context
of current treatment guidelines and supporting clinical evidence. In clinical practice, considerable
emphasis is placed on the importance of making treatment decisions guided by each patient’s risk status,
which should be assessed using multiple prognostic parameters. As PAH is a progressive disease, regular
assessments are essential to ensure that any change in risk is detected in a timely manner and treatment is
adjusted accordingly. With the availability of therapies that target three different pathogenic pathways,
combination therapy is now the standard of care. For most patients, this involves dual combination
therapy with agents targeting the endothelin and nitric oxide pathways. Therapies targeting the
prostacyclin pathway should be added for patients receiving dual combination therapy who do not achieve
a low-risk status. There is also a need for a holistic approach to treatment beyond pharmacological
therapies. Implementation of all these approaches will ensure that PAH patients receive maximal benefit
from currently available therapies.

Introduction
The past decade has seen significant progress in the treatment of pulmonary arterial hypertension (PAH).
A number of novel targeted therapies have been developed, providing important additions to the existing
PAH armamentarium (figure 1) [1]. Furthermore, several event-driven trials have demonstrated that PAH
therapies can provide long-term benefits for patients [6–8]. Beyond medication, improvements in
nonpharmacological treatments and the development of updated diagnosis and treatment guidelines may
further improve outcomes in clinical practice [9, 10].
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Despite these recent advances, PAH ultimately remains a fatal disease [11]. Efforts to slow disease
progression are essential and research is ongoing to develop therapies with novel modes of action [12].
However, based on their current development status, approval of new drugs targeting novel pathways is
not expected in the near future. Therefore, it is crucial that currently available treatment options are used
to their full potential and that the most effective treatment strategy is implemented for each patient.

In this article, we discuss how best to manage PAH in the current treatment era, including the role of risk
assessment and the timely and appropriate use of combination therapy.

Role of risk assessment in PAH
Why and how do we assess risk?
Ensuring optimal outcomes for PAH patients requires the selection of an appropriate initial treatment
regimen after diagnosis. Patients should then be closely monitored and treatment escalated as clinically
indicated. The concept of goal-oriented therapy in PAH has been in place for a number of years. More
recently, this has evolved into a risk-based approach and the current European Society of Cardiology
(ESC)/European Respiratory Society (ERS) guidelines recommend that treatment decisions should be
guided by comprehensive, multiparameter risk assessments [9, 10].

Functional class is a powerful predictor of outcome in PAH [13] and achievement of World Health
Organization functional class (WHO FC) I–II status is an important treatment goal [9, 10]. Despite this,
many patients in WHO FC II continue to experience disease progression and early death. This is
illustrated in an analysis from the French registry, which reported that almost 20% of patients categorised
as WHO FC II at baseline died during 3 years of follow-up [13]. Furthermore, in several trials with PAH
therapies, a number of WHO FC I/II patients experienced disease progression during the studies [6–8, 14].

Instead of using individual indicators of prognosis, such as WHO FC, it is now widely accepted that a
patient’s risk of clinical deterioration or mortality should be determined by a multiparameter risk
assessment. To aid this process, the guidelines provide a table of risk determinants, selected based on their
prognostic relevance [9, 10, 15]. These include progression of symptoms, WHO FC, measures of exercise
capacity, haemodynamic parameters and other indicators of right ventricular (RV) function [9, 10]. Based
on these determinants, the risk status of each patient can be categorised as either low, intermediate or
high, corresponding to an estimated 1-year mortality of <5%, 5–10% or >10%, respectively [9, 10].
Although performing a structured risk assessment is crucial, clinical gestalt also has a valuable role and it
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FIGURE 1 Timeline of approval of therapies for pulmonary arterial hypertension. Therapies that are approved
in the USA and/or European Union (EU) are included, positioned on the timeline based on the first date of
their approval in either USA [2–4] or EU [5]. Therapies are administered orally unless otherwise indicated.
ERA: endothelin receptor antagonist; PDE-5i: phosphodiesterase-5 inhibitor; sGC: soluble guanylate cyclase;
inh: inhaled. #: not approved in the EU.
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is essential that all available prognostic information, such as PAH aetiology, sex, age, time from diagnosis
and relevant comorbidities, is taken into consideration.

As stated in the ESC/ERS guidelines, the ultimate aim of therapy for PAH patients is to achieve a low-risk
status [9, 10]. This aim has recently been validated in survival analyses of patients enrolled in three
European registries. A study from the COMPERA registry evaluated survival of newly diagnosed PAH
patients according to their risk status, determined using an abbreviated version of the risk assessment
strategy proposed by the guidelines. For patients in the low- and intermediate-risk cohorts, the observed
mortality rates 1 year after diagnosis were 2.8% and 9.9%, respectively. This was compared with 21.2% in
the high-risk cohort [16]. The Swedish PAH register study evaluated newly diagnosed patients who
initiated PAH therapies and who had a multiparameter risk assessment performed both at baseline and at
a follow-up assessment (median 4 months after baseline) [17]. For patients categorised as low risk at
baseline and at follow-up, the 3-year survival rate was 98%. In contrast, for patients who were in the
intermediate- or high-risk categories at baseline and remained in these groups at follow-up, the 3-year
survival rate was only 68% [17]. A study from the French registry demonstrated clearly that in order to
achieve a better long-term prognosis, patients need to have as many parameters as possible in the low-risk
category. In this study, PAH patients who achieved only one or two low-risk criteria during the first year
of PAH treatment had worse outcomes than those who achieved three or four low-risk criteria [18].

The importance of regular risk assessment
Achievement or maintenance of a low-risk status is reassuring; however, it is vital that physicians remain
vigilant, as pathological changes within the pulmonary vasculature and RV can still occur even if no signs
of clinical deterioration are apparent [19]. This has been illustrated in a study by VAN DE VEERDONK et al.
[20], which evaluated clinical, haemodynamic and RV changes in a cohort of patients who experienced
disease progression resulting in death or lung transplantation after ⩾5 years of clinical stability. In this
study, disease progression was preceded by changes in RV structure and function, but not by changes in
WHO FC, exercise capacity and haemodynamics (figure 2), suggesting that an apparently clinically stable
profile may mask the development of RV failure [20].

Given that pathological changes are likely to be ongoing in all PAH patients, the term “stable” may not be
appropriate, even for patients in the low-risk category. As all PAH patients have poor tolerance to acute
situations, for example minor surgery or infections such as pneumonia, they can never be considered truly
stable. Physicians should be aware that the patient’s underlying condition may worsen as a result of
disturbances in the status quo. As such, a patient’s treatment regimen may need to be augmented during
episodes of illness or other acute situations.

For all patients, including those categorised as low risk, it is essential that regular and frequent risk
assessments are performed to ensure that any change in risk status, or changes in individual parameters,
are detected at the earliest opportunity. Any parameters that deteriorate from low to intermediate risk
should raise suspicion and prompt the treating physician to consider whether escalation of treatment is
required.

Combination therapy for optimal PAH management
Although each patient’s treatment strategy should be guided by their level of risk, it is becoming
increasingly apparent that the benefits of combination therapy to target multiple pathological pathways
should be offered to all PAH patients [21]. There is clear evidence that combination therapy is effective in
PAH [6–8], and this strategy now forms an integral part of the treatment algorithm in the ESC/ERS
guidelines [9, 10]. In order to ensure the best outcome for patients, it is important to consider how
combination therapy can be optimised in clinical practice, both in terms of which therapies to combine
and when to initiate combination therapy.

Dual combination therapy: targeting the endothelin and nitric oxide pathways
Dual combination therapy with an endothelin receptor antagonist (ERA) and phosphodiesterase-5
inhibitor (PDE-5i) has been shown to improve long-term outcomes in randomised controlled trials
(RCTs) in patients with PAH [6, 8]. In the AMBITION study, the risk of clinical failure events was
reduced by 50% in newly diagnosed, treatment-naïve PAH patients treated with initial ambrisentan and
tadalafil combination therapy compared with pooled monotherapy [8]. The SERAPHIN study provided an
opportunity to evaluate the benefits of combination therapy in a long-term RCT. In this study, 64% of
patients were receiving a PAH therapy at baseline, 96% of whom were receiving a PDE-5i. Among patients
receiving background therapy, addition of macitentan significantly reduced the risk of morbidity/mortality
events by 38% compared with placebo [6]. Furthermore, post hoc evaluation of newly diagnosed patients,
including those with and without background therapy, showed a 57% risk reduction with macitentan
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treatment versus placebo [22]. In addition to the RCT data, a retrospective analysis of real-world data by
SITBON et al. [23] showed that initial combination therapy with an ERA and a PDE-5i was associated with
significant improvements in WHO FC, exercise capacity and haemodynamics from baseline to month 4.

These data illustrate the benefits of dual combination therapy targeting the endothelin and nitric oxide
(NO) pathways and raise the question whether it is ever appropriate for a PAH patient to be treated with
monotherapy. From our clinical experience, there are exceptions where certain patients may be candidates
for treatment with monotherapy, as determined by clinical status and discussions between the physician
and patient. Furthermore, monotherapy may also be prescribed in low-risk patients if the use of an ERA
or a PDE-5i/soluble guanylate cyclase (sGC) stimulator is contraindicated or is not tolerated. However,
caution is required when taking this approach: even if such a patient shows an adequate response on
initial monotherapy, the patient must be monitored closely and initiated on combination therapy as soon
as clinically indicated.

Given the clear benefits of dual combination therapy to target the endothelin and NO pathways, in the
current treatment era it is generally accepted that the vast majority of PAH patients who are at low or
intermediate risk at diagnosis should receive dual combination therapy with an ERA and a PDE-5i, either
in an initial or rapid sequential manner (figure 3).

When to add a therapy targeting the prostacyclin pathway
For more than two decades, it has been possible to manage PAH by targeting a third well-characterised
pathogenic pathway: the prostacyclin (PGI2) pathway (figure 1). Of note, a synthetic PGI2 (epoprostenol)
was the first PAH therapy to be approved and is still considered to be the gold-standard treatment for
PAH [24]. For patients in WHO FC IV, epoprostenol is the only therapy with class I recommendation and
evidence level of A (the highest available according to the ESC/ERS guidelines) [9, 10]. Therapies targeting
the PGI2 pathway with alternative routes of administration, including oral, are now available and are
recommended for the treatment of patients in WHO FC II and III [9, 10].
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FIGURE 2 Disease progression is preceded by right ventricular remodelling, but not by changes in clinical
parameters. Changes in a) 6-min walking distance (6MWD), b) World Health Organization functional class
(WHO FC), c) right ventricular (RV) end-diastolic volume and d) RV ejection fraction were assessed over a
10-year period for patients who were alive and transplant-free 10 years after inclusion in the study
(favourable outcome, n=12) and for patients who died or required lung transplantation between 5 and 10 years
after inclusion in the study (unfavourable outcome, n=10). Data are presented as mean±SEM. *: p<0.05;
**: p<0.01; ***: p<0.001 between groups. Reproduced and modified from [20] with permission.
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In the current era, therapies targeting the PGI2 pathway are rarely used as monotherapy and instead are
more typically used in combination regimens. The choice and timing of initiation of PGI2-targeting
therapies should be guided by risk assessment, as discussed later.

Combination therapy including an oral therapy that targets the PGI2 pathway
In the past, targeting the PGI2 pathway was generally only an option for patients with severe disease, as it
necessitated the use of complex routes of administration via continuous i.v. or s.c. infusion [9, 10, 21, 25].
The subsequent availability of inhaled prostanoid therapies allowed the PGI2 pathway to be addressed
without requiring i.v. or s.c. access [25]. However, the need for frequent administration and the length of
time involved in administering these therapies may affect patient compliance [25, 26].

The approval of oral therapies that target the PGI2 pathway (figure 1) represented a significant advance in
the management of PAH, as it allowed activation of PGI2 signalling by agents with a more convenient
route of administration. While the systemic safety profile for oral therapies that target the PGI2 pathway is
similar to that of i.v., s.c. and inhaled prostanoids, safety issues related to the route of administration, such
as catheter-related infections, are eliminated [27]. As a result, the earlier use of oral therapies targeting the
PGI2 pathway as part of a combination therapy regimen has become an attractive option.

RCTs have been conducted to evaluate the use of oral therapies that target the PGI2 pathway as part of a
combination therapy regimen [7, 28, 29]. In the FREEDOM-C and FREEDOM-C2 studies, no significant
improvements in exercise capacity (primary end-point) were observed following treatment with oral
treprostinil compared with placebo, among patients receiving background ERA and/or PDE-5i therapy [28,
29]. Additional trials to further investigate the use of oral treprostinil as combination therapy are planned
and ongoing [30, 31]. Selexipag, a selective prostacyclin receptor agonist, is the only oral therapy targeting
the PGI2 pathway that has been shown to improve long-term outcomes in an RCT (GRIPHON) [7]. In
this study, selexipag reduced the risk of morbidity/mortality events by 40% versus placebo [7]. This result
was consistent across patients, irrespective of WHO FC and PAH therapy at baseline [7]. In addition, a
significant placebo-corrected treatment effect of selexipag on 6-min walking distance (6MWD) at week 26
was also found (+12 m, p=0.003), although the magnitude of this treatment effect was modest. This
modest response may reflect the extent of imputed data and the strict imputation rules in GRIPHON, as
well as the study population, which included a high proportion of patients receiving background PAH
therapies and a large number of patients in WHO FC II [7]; improvements in 6MWD may be difficult to
achieve in such patients. The data from GRIPHON support the use of selexipag to delay disease
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FIGURE 3 Initial management of pulmonary arterial hypertension in the current era. Based on our clinical
experience, the majority of patients in the low- and intermediate-risk categories should be started on dual
therapy with an endothelin receptor antagonist (ERA) plus a phosphodiesterase-5 inhibitor (PDE-5i) or soluble
guanylate cyclase (sGC) stimulator. A small proportion of patients in the low-risk category may be suitable for
monotherapy. For all patients who are in the high-risk category, combination therapy including an i.v.
prostanoid is required.
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progression in PAH patients, including those in WHO FC II and those receiving dual ERA and PDE-5i
background therapy, making them the first RCT data to demonstrate the benefits of triple combination
therapy in PAH patients.

In the clinic, the decision about when to initiate triple oral combination therapy should be guided by
multiparameter risk assessment. If a patient on dual combination therapy with an ERA and a PDE-5i/sGC
stimulator fails to achieve or maintain a low-risk status, they should be given an oral therapy to target the
PGI2 pathway without delay. In some cases, for example patients with a significant deterioration in
haemodynamic parameters, parenteral prostanoid therapy may be required instead of oral therapy to target
the PGI2 pathway. The decision on which approach is the most appropriate should be made on an
individual patient basis, relying on the physician’s judgement. What is clear is that all low- or
intermediate-risk patients must be monitored carefully and the decision to initiate parenteral prostanoids
should be taken before they have deteriorated to the high-risk category.

Initiation of triple sequential oral combination therapy may be considered for certain patients with a
low-risk profile [9, 10]. This treatment approach may be particularly appropriate for patients who are
deemed low risk according to the ESC/ERS guidelines risk stratification table, but who have additional
phenotypic characteristics or comorbidities that convey a poor prognosis, for example, older patients or
individuals with connective tissue disease [32, 33].

As PAH is a progressive disease, there is a rationale for targeting all three pathogenic pathways
immediately upon diagnosis with initial triple combination therapy in order to delay the remodelling of
the pulmonary vasculature, which occurs even in the early stages of the disease [19]. At present, the
benefits of initial triple oral combination therapy compared with initial dual oral combination therapy are
unknown, but are the focus of the ongoing TRITON RCT [34].

Combination therapy including a parenteral prostanoid
A crucial aspect of PAH management is the effective use of i.v. and s.c. prostanoids in patients with severe
disease. Despite the known benefits of parenteral prostanoids, in clinical practice they have been
underused [35, 36]. A recent single-centre study indicated that this may not necessarily be the case in
expert PAH centres [37], highlighting the importance of patient referral to, and co-management with,
expert centres.

According to the current guidelines, i.v. prostanoids should be included in combination therapy for
high-risk, incident patients [9, 10]. This is supported by evidence from a retrospective study, which
reported that significant improvements from baseline were observed in 6MWD and haemodynamics after
4 months of treatment with initial epoprostenol, bosentan and sildenafil [38]. Furthermore, 89% of
patients improved from WHO FC III/IV to WHO FC I/II [38]. The beneficial effects were maintained
during long-term follow-up (1–3 years) and the survival rate was 100% after 3 years [38].

For a prevalent patient who is already receiving triple oral combination therapy, the ESC/ERS guidelines
are less definitive about when parenteral prostanoid therapy should be initiated. In our opinion, initiation
of parenteral prostanoids is warranted in prevalent patients who are in the intermediate-risk category
and who are not improving on triple oral combination therapy. As mentioned, patients who fail to achieve
or maintain a low-risk status while receiving dual ERA and PDE-5i/sGC stimulator combination
therapy may be given parenteral rather than oral therapy to target the PGI2 pathway. Careful monitoring
of all patients is necessary to ensure that initiation of parenteral therapy is based on the individual
patient’s needs.

Additionally, the choice of when to initiate parenteral prostanoids must take into account patient
preference; patients may be reluctant to take i.v. or s.c. prostanoids due to their routes of administration,
and this may contribute to their underuse [25, 35, 36]. To address this, it is imperative to educate the
patient on the benefits of parenteral prostanoids, and to support them throughout the process [25, 39].
Practical considerations regarding the use of prostanoids have been reviewed in detail [25].

Considerations beyond PAH-specific pharmacological therapy
As improved management of PAH has led to increased patient longevity, there is now a greater need to
focus on all aspects of patients’ lives. As such, a holistic approach that considers the whole patient, including
physical, mental and social well-being is a central component of effective PAH management [39, 40].

It is important to ensure that patients are proactively involved with their self-care. This topic has been
reviewed by GRAARUP et al. [39], who highlighted that engaged patients who understand their disease and
treatment options have enhanced quality of life and well-being. Psychosocial support through patient
associations, education and greater involvement of family and friends can all benefit the patient [39].
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Lifestyle modifications should also play a central role in patient management. Exercise-based rehabilitation
can lead to improvements in exercise capacity and quality of life [41–45]. According to the ESC/ERS
guidelines, exercise training should be implemented by specialist PAH centres for patients who appear to
be clinically stable and are receiving appropriate pharmacological therapy [9, 10]. If it is not feasible for a
patient to join a formal exercise rehabilitation programme, they should be encouraged to undertake
low-level aerobic exercise at home, within symptom limits. Isometric exercise is not recommended, as it
may result in syncope [46]. In addition to exercise, there are several dietary considerations for patients
with PAH. Iron deficiency may occur [47–49], in which case iron supplementation should be considered
[9, 10]. There is a lack of controlled data in this area; however, an ongoing phase-II RCT is investigating
the clinical benefits of a single high dose of iron in patients with PAH [50]. In addition, vitamin D
concentrations are reduced in PAH patients [51] and uncontrolled data indicate that vitamin D
replacement therapy improves RV size and exercise capacity in vitamin D deficient patients with
pulmonary hypertension [52]. Finally, PAH patients, especially those with RV failure, should follow a
sodium-restricted diet to prevent additional water retention [46].

In addition to gaining general health benefits, a patient who makes lifestyle changes early in the course of
their disease is more likely to be a suitable candidate for lung transplantation if needed. For example,
obese patients may be ineligible for lung transplantation [53], and so the importance of weight loss must
be discussed at an early stage of disease.

Use of appropriate supportive therapy should be considered [9, 10]. Anticoagulants are widely used in
PAH patients in clinical practice [54]. However, recent registry and RCT data have provided conflicting
results regarding the benefits of anticoagulant use in PAH [54, 55]. Although the current ESC/ERS
guidelines state that anticoagulant therapies may be considered in patients with idiopathic PAH, heritable
PAH and PAH due to use of anorexigens, the level of evidence to support this has been downgraded
compared with that in earlier guidelines [9, 10, 56]. Oedema as a consequence of right heart failure is a
common occurrence in PAH patients [9, 10] and every attempt should be made to manage fluid overload
initially, while PAH therapies are being considered. In addition, aldosterone antagonists may be beneficial
in PAH patients with RV failure, not only because of their diuretic activity, but also because aldosterone
may play a role in cardiopulmonary remodelling and dysfunction [57]. As such, aldosterone antagonists
are now in use in clinical practice in PAH despite a lack of supporting RCT evidence [46].

Patients with PAH who are seen in clinical practice today are generally older and have more comorbidities
than those in the past [58–60]. The impact of comorbidities on disease management must therefore be
considered.

Finally, the importance of management in an expert centre cannot be overstated. PAH is a complex
disease and patients require the care of a multidisciplinary team, including PAH specialist doctors and
nurses, and providers of psychological and social support [9, 10].

Future perspectives: managing transitions
The development of therapies with novel modes of action and/or more convenient routes of
administration has increased the number of treatment options available to physicians and patients.
Although these novel agents target the same pathogenic pathways as existing therapies, in clinical practice
there may be reasons to consider a transition from an existing therapy to another agent. For example,
patients who are on an inhaled prostanoid may request to switch to an oral therapy targeting the PGI2
pathway. This transition is supported by the prospective, open-label TRANSIT-1 study, which showed that
94% of patients had switched from inhaled treprostinil to selexipag by the end of the 16-week study period
[61]. Additional data are emerging from clinical practice and there is growing experience with managing
this transition in the clinic. Patients receiving parenteral prostanoid therapy may request to switch to an
oral drug and limited data from short-term studies on this approach are beginning to emerge [61–67].
Validation of this approach in RCTs will be required before it can be recommended. It is not yet well
established whether there is a role for switching between PDE-5is and sGC stimulators in patients who are
not responding to one type of drug. A trial investigating this has recently been completed and another is
ongoing [68, 69]. In general, data to support transitions from one agent to another are currently limited,
but we anticipate the potential benefits and risks to be better understood as this experience grows.

Conclusions
Patients with PAH require an individualised treatment strategy that is tailored to their risk status and
which makes the best use of available combinations of targeted therapies. A holistic approach to
management should be used and patients should be cared for by a multidisciplinary team who are able to
implement both pharmacological therapy and supportive care. Due to the progressive nature of the
disease, all patients must be closely monitored and their treatment regimen escalated according to clinical
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need without delay. By implementing these approaches, patient management can be optimised to ensure
the best possible outcome for all patients with PAH.
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