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Abstract: Pulmonary arterial hypertension (PAH) is a rapidly progressive pulmonary vascular 

disease with a multifactorial etiopathogenesis that can result in right-sided heart failure and 

death. A number of studies indicate that an early therapeutic intervention yields better results 

on disease progression as compared to delayed treatment. In this review, we will analyze treat-

ment strategies that may be used for monitoring disease progression and for guiding treatment 

decisions. Several factors (ie, symptoms, functional class, exercise capacity as assessed by a 

walking test and cardiopulmonary stress testing, hemodynamic parameters, cardiac magnetic 

resonance imaging, and plasma levels of biochemical markers) have been prognostic of survival. 

These indicators may be used both at the time of diagnosis and during treatment follow-up. No 

resolutive therapy is currently available for PAH; however, in the last decade, the advent of 

specific pharmacological treatments has given new hope to patients suffering from this debili-

tating disease with a poor prognosis. Combination drug therapies offer increased benefits over 

monotherapy, and current guidelines recommend a sequential “add on” design approach for 

patients in functional class II–IV. The goal-oriented “treat to target” therapy sets the timing for 

treatment escalation in case of inadequate response to currently known prognostic indicators. To 

date, further longitudinal studies should be urgently conducted to identify new goals that may 

improve therapeutic strategies in order to optimize personalized treatment in PAH patients. 

Keywords: pulmonary hypertension, prognostic indicators, specific drug therapy, disease 

progression

Introduction
Pulmonary arterial hypertension (PAH) is a rapidly progressive multifactorial condi-

tion involving various biochemical pathways and different cell types.1 According to 

the most recent guidelines published jointly by the European Society of Cardiology 

(ESC) and the European Respiratory Society (ERS), pulmonary hypertension is a 

hemodynamic and pathophysiological state defined as an increase in mean pulmonary 

arterial pressure (PAPm) 25 mmHg at rest, as assessed by right heart catheter-

ization (RHC).2 According to the clinical classification provided in the ESC/ERS 

2009 guidelines,2 and which was recently updated,3 PAH is classified in group 1,  

which includes several subgroups (Table 1). 

Irrespective of the underlying etiology, the most relevant pathogenic mechanism 

of PAH is a pulmonary vascular condition characterized by intimal proliferation, 

median hypertrophy, and the development of plexiform lesions.1 When associated with 

vasoconstriction and in situ thrombosis, these changes in the pulmonary vascular bed 

result in pulmonary vascular remodeling that may lead to raised pulmonary vascular 
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resistance (PVR) and consequent elevated pulmonary arterial 

pressure (PAP), with increased right ventricular after-load. 

The right ventricle initially compensates for the increase in 

after-load through adaptive hypertrophy and, secondarily, 

via dilatation of the right side of the heart. Such effects of 

increased PAP levels on the right ventricle constitute a major 

determinant of symptoms and patient survival, as right-sided 

heart failure is the specific main cause of death in PAH 

patients.4 In this regard, echocardiographic and hemodynamic 

monitoring for the assessment of right ventricular adaptation 

and decreased function is a crucial factor for prognosis and 

the prediction of survival.5,6

The right ventricular function in PAH
In the asymptomatic phase of PAH, increased PAP and PVR 

do not alter cardiac output. However, as patients become 

symptomatic over time and move to World Health Organiza-

tion (WHO) functional class (WHO-FC) II, PVR significantly 

increases, suggesting advanced vascular remodeling.

Under these circumstances, the heart initially compen-

sates for the increase in after-load through hypertrophy 

and right ventricular remodeling. However, should cardiac 

 overload persist over an extended period of time, right ven-

tricular dilatation and failure may occur. Impaired cardiac 

function is associated with both systolic and diastolic failure, 

measured at RHC as elevated right atrial pressure (RAP) and 

decreased cardiac index (CI).7

In this regard, it is worth noting that PVR is a key indi-

cator for hemodynamic abnormalities caused by pulmonary 

hypertension; however, PVR alone does not have any prog-

nostic significance. On the other hand, both RAP and CI are 

valuable predictors of survival.2,8

In order to accurately stage the disease and adopt an 

adequate therapeutic strategy, it is useful to study right 

ventricular function using both direct parameters (echocar-

diographic and hemodynamic measurements) and indirect 

parameters such as symptoms, WHO-FC, exercise testing 

(ie, the 6-minute walking test [6MWT] and cardiopulmo-

nary exercise test), and biochemical markers (ie, brain 

natriuretic peptide [BNP], N-terminal fragment of probrain 

natriuretic peptide [NT-proBNP], troponin T, uric acid, 

and platelet count). 

The most recent guidelines published in 2009 recommend 

that the severity of the disease, as well as the response to 

Table 1 Clinical classification of PH

Group 1: PAH
1.1 Idiopathic PAH
1.2 Heritable PAH (BMPR2, ALK1, endoglin, SMAD9, CAV1, KCNK3, unknown)
1.3 Drug- and toxin-induced 
1.4 Associated with: connective tissue diseases; HIV infection; portal hypertension; congenital heart disease; schistosomiasis
Group 1’: Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
Group 1”: Persistent PH of the newborn

Group 2: PH due to left heart disease
2.1 Left ventricular systolic dysfunction
2.2 Left ventricular diastolic dysfunction
2.3 valvular disease
2.4 Congenital/acquired left heart inflow/outflow tract obstruction and congenital cardiomyopathies

Group 3: PH due to lung diseases and/or hypoxia
3.1 Chronic obstructive pulmonary disease
3.2 interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental lung diseases

Group 4: Chronic thromboembolic PH 

Group 5: PH with unclear multifactorial mechanisms
5.1 Hematologic disorders: chronic hemolytic anemia; myeloproliferative disorders; splenectomy
5.2 Systemic disorders: sarcoidosis; pulmonary histiocytosis; lymphangioleiomyomatosis
5.3 Metabolic disorders: glycogen storage disease; gaucher disease; thyroid disorders
5.4 Others: tumoral obstruction; fibrosing mediastinitis; chronic renal failure; segmental PH

Abbreviations: PAH, pulmonary arterial hypertension; PH, pulmonary hypertension; ALK-1, activin receptor-like kinase 1 gene; BMPR2, bone morphogenetic protein 
receptor, type 2; CAV1, caveolin-1; KCNK3, gene encoding potassium channel super family K member-3; SMAD9, mothers against decapentaplegic 9.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2014:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

827

Management of PAH

therapy, should be evaluated by parameters of established 

prognostic value.2 Symptoms, as assessed through the 

WHO-FC scale, may be considered as the most significant 

prognostic indicators, as they are indices of the progression 

of right-sided heart failure caused by the pulmonary hyper-

tension. Similarly, physical exercise capability and other 

hemodynamic parameters should be considered as additional 

prognostic indicators.

Prognostic indicators
Identifying the parameters directly associated with the risk 

of clinical deterioration and mortality is the key to select the 

therapeutic goals in a potentially fatal disease such as PAH. 

The goals of treatment currently used in clinical trials and those 

recommended in the ESC/ERS 2009 guidelines are based on 

the measurement of these prognostic parameters at basal condi-

tions and during their follow-up reassessment (Table 2).

Namely, the following prognostic indicators are used: 

parameters obtained from clinical assessment; parameters 

derived from exercise tests; biochemical markers; and 

echocardiographic and hemodynamic parameters measuring 

the severity, prognosis, and stability of the disease.9,10 On this 

basis, the patient’s clinical conditions may be classified as 

“stable and satisfactory” (fulfilling the majority of criteria 

that are indicative of better prognosis), “stable but not satis-

factory” (fulfilling only some of the criteria that are indica-

tive of a better prognosis), and “unstable and deteriorating” 

(fulfilling the majority of the criteria that are indicative of a 

worse prognosis).2

Clinical evidence of right ventricular 
failure
The onset of peripheral edema, angina, and/or syncopal episodes 

is considered a sign of deterioration in right ventricular function. 

In particular, the presence of syncope is a negative prognostic 

factor and represents an independent predictor of mortality.11

WHO functional class
WHO-FC correlates the patient’s symptoms (dyspnea, 

fatigue, chest pain, and syncope) with daily routine activi-

ties. These are classified as classes: class I, no limitation of 

daily activity; class II, moderate activity leads to the onset 

of symptoms; class III, slight activity leads to the onset of 

symptoms; and class IV, an inability to carry out any physical 

activity without symptoms, or the symptoms may be present 

even at rest (Table 3).

Functional class is one of the major factors that should 

be taken into consideration to determine the severity of 

pulmonary hypertension at diagnosis, irrespective of its 

etiology, as well as a therapeutic target during follow-up,12,13 

and it is considered the best predictor for survival. Particu-

larly, patients classified as WHO-FC IV at diagnosis have a 

significantly worse prognosis when compared with patients 

in class II or III.6,12–14 This has also been confirmed by the 

Registry to Evaluate Early and Long-Term PAH Disease 

Management (REVEAL) with respect to the 1-year survival 

rate.5 Survival estimates calculated at baseline for patients in 

WHO-FC III and class IV enrolled in long-term studies on 

epoprostenol were found to be more favorable for patients 

in class IV than for those in class III (47% versus 71%–81% 

at 3 years, respectively).13,14 

The available data also highlight the prognostic signifi-

cance of improvements in functional class, as they are associ-

ated with a downgrade to a lower class when administering a 

specific drug therapy. As a matter of fact, a few studies have 

shown that idiopathic PAH patients treated with epoprostenol 

improving from WHO-FC IV to class II during follow-up 

have a more favorable prognosis when compared to those 

who do not improve their functional class.13,14 

Moreover, moving up from one functional class to another 

after a treatment period has prognostic value, even in etio-

logically different pulmonary hypertension (for example, 

PAH secondary to scleroderma). A study conducted on these 

Table 2 Parameters with established importance for assessing disease severity, stability, and prognosis

Better prognosis Determinants of prognosis Worse prognosis

No Clinical evidence of Rv failure Yes
Slow Rate of progression of symptoms Rapid
Classes i, ii WHO functional class Class iv
Longer 6-minute walking distance Shorter
Peak oxygen consumption 15 mL/minute/kg Cardiopulmonary exercise testing Peak oxygen consumption 12 mL/minute/kg
Normal or near normal BNP/NT-pro-BNP plasma levels very elevated
No pericardial effusion Echocardiographic findings Pericardial effusion
RAP 8 mmHg and CI 2.5 L/minute/m2 Hemodynamics RAP 15 mmHg or CI 2.0 L/minute/m2

Abbreviations: RV, right ventricular; WHO, World Health Organization; BNP/NT-pro-BNP, brain natriuretic peptide/N-terminal fragment of pro-BNP; RAP, right atrial 
pressure; Ci, cardiac index.
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patients showed that the survival rate of subjects classified as 

WHO-FC I–II after 4 months of treatment was 100%, 100%, 

and 86% at 1 year, 2 years, and 3 years, respectively, versus 

78%, 38%, and 38% for patients who remained in WHO-FC 

III–IV.15,16 These data suggest that improving to WHO-FC 

II is a realistic therapeutic target for all PAH patients, as it 

is consistently associated with improved survival. 

exercise capacity test
In most clinical trials of approved therapies,2 change in 

6MWT distance is used as a primary endpoint, and it is simple 

to use and easily reproducible.17,18 Notably, its prognostic 

significance lies in the distance (measured in meters) walked 

during the test: a negative prognostic value has been associ-

ated with a walk distance 300 m, and a better prognostic 

value to a distance 500 m.2 

The absolute value of the walk distance achieved dur-

ing treatment is prognostic of survival;13 however, this 

does not hold true for the relative change recorded during 

follow-up.13 As a matter of fact, patients suffering from 

severe PAH with a low walk distance at baseline need 

to recover more consistently in order to improve their 

prognosis if compared to subjects with more satisfactory 

exercise capabilities. 

The cardiopulmonary exercise test is also a valid prognos-

tic tool for monitoring right heart function. This test provides 

a continuous measurement of expired gas and ventilation dur-

ing a maximal physical exercise. The prognostic para meters 

measured during the test are peak oxygen  consumption (VO
2
 

peak) (a value 12 mL/minute/kg is a negative prognostic 

indicator and a value 15 mL/minute/kg is a better prog-

nostic indicator),2 and peak systolic arterial pressure (a value 

120 mmHg is a negative prognostic indicator).19 Another 

parameter that can be considered is the ventilatory equivalent 

for carbon dioxide (EqCO
2
), which is less age-dependent than 

VO
2
 peak; values 45 and 55 L/minute/L/minute would 

seem like appropriate goals and warning signs, respectively, 

for the evaluation of exercise response in relation to treat-

ment and prognosis.20

Assessment of right ventricular dysfunction
RHC has been recognized as the gold standard for the diag-

nosis of PAH, and it may be used to assess both the severity 

of the disease and the treatment response.9,21 Only CI (worse 

prognosis with values 2 L/minute/m2)14,22,23 and RAP  

(worse prognosis with values 15 mmHg)24 have proved to 

be of prognostic value among the parameters measured using 

this procedure. Surprisingly, PAPm, PVR, and mixed venous 

oxygen saturation do not play a significant prognostic role.

Echocardiography is an additional noninvasive test used 

to estimate over time any change in the right heart caused 

by the elevation of PAP. Notably, this examination provides 

the following prognostic information: tricuspid annular plane 

systolic excursion (worse prognosis with values 1.5 cm); 

myocardial performance index (Tei index) (worse prognosis 

for values 0.88); and left ventricular end-diastolic eccen-

tricity index (worse prognosis with values 1.7). Enlarge-

ment of the right atrium and the presence of pericardial 

effusion also correlates with poor prognosis.25–32

In recent years, there has been increasing interest in 

cardiac magnetic resonance imaging as it provides a more 

accurate assessment of right ventricle size and function, and 

a noninvasive estimation of cardiac output and stroke volume 

as compared to echocardiography.33,34 A recent study assessed 

the value of cardiac magnetic resonance imaging measure-

ments as a prognostic predictor of idiopathic PAH before 

starting intravenous prostacyclin therapy.35 The multivariate 

analyses suggested that the right ventricular end-diastolic 

volume indices, together with the WHO-FC, were indepen-

dent predictors of both hospitalization for right-sided heart 

failure and mortality. 

Biochemical markers and other 
prognostic indicators
Elevated biochemical markers such as blood BNP, NT-

proBNP, troponin,36 and uric acid levels seem to correlate 

with poor prognosis. Particularly, BNP values 180 pg/mL  

have been shown to have a negative prognostic signifi

cance.22,23,37,38 Similarly, increased NT-proBNP plasma  

Table 3 Functional classification of pulmonary hypertension according to the World Health Organization

Class I: Patients with pulmonary hypertension but without resulting limitation of physical activity. Ordinary physical activity does not cause undue 
dyspnea or fatigue, chest pain, or near syncope.
Class II: Patients with pulmonary hypertension resulting in a slight limitation of physical activity. They are comfortable at rest. Ordinary physical 
activity causes undue dyspnea or fatigue, chest pain, or near syncope.
Class III: Patients with pulmonary hypertension resulting in marked limitation of physical activity. Less than ordinary activity causes undue dyspnea  
or fatigue, chest pain, or near syncope.
Class IV: Patients with pulmonary hypertension with an inability to carry out any physical activity without symptoms. These patients manifest signs  
of right heart failure. Dyspnea and/or fatigue may even be present at rest. Discomfort is increased by any physical activity.
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levels on follow-up have been associated with worse 

prognosis,39 whereas uric acid levels 6.4 mg/mL are asso-

ciated with a more favorable prognosis.40

Recent clinical trials identified new prognostic factors. For 

instance, a study analyzing the trends of a variety of humoral and 

hemodynamic prognostic variables in patients with idiopathic 

PAH receiving combination therapy with bosentan, sildenafil, 

and epoprostenol,41 has demonstrated a significant inverse 

correlation between platelet levels at basal conditions and 

PAPm values. In particular, this study revealed that low platelet  

levels (20×104/µL) correlate with low survival rates.41

Recent research indicates the role of proinflamma-

tory cytokines in the underlying vascular remodeling 

process observed in PAH, and in the prognosis of these 

patients.42 Indeed, proinflammatory cytokines have been 

found to be independently associated with mortality in patients 

with PAH.43 Moreover, it has been shown that elevated blood 

levels of interleukin-6 (4.7 pg/mL), particularly in idio-

pathic PAH patients with low BNP levels (180 pg/mL),  

have a negative prognostic value as a significant independent 

predictor of mortality.44 

Arterial pressure of carbon dioxide (PaCO
2
) measured by 

arterial blood gas analysis, systolic blood pressure at rest, 

heart rate (HR) at rest, and diffusing capacity of the lung for 

carbon monoxide (DLCO) are additional variables of poten-

tial prognostic significance. Levels of PaCO
2
 4.25 kPa, 

systolic blood pressure 110 mmHg, HR 92 bpm, and 

DLCO 32% predicted have been shown to be significant 

independent predictors of mortality.5 

Validation of the prognostic 
indicators
The validation of the aforementioned prognostic indicators 

is based on data from the REVEAL registry.5,45 This registry 

provides prospective data obtained from 2,716 patients with 

a recent diagnosis of group 1 PAH. The aim was to validate 

a variety of predictive parameters for short- and long-term 

survival during treatment, and to develop a simplified clini-

cal risk calculator. This is based on a prognostic equation 

that results in a risk stratification scoring system that may 

guide therapeutic decisions, as shown in Table 4.46 The 

risk calculator has a minimum risk score of 0, a maximum 

score of 22, and is designed for clinical use. The predicted 

1-year survival for patients in the validation cohort (number 

[n] =504) was 95%–100% in the low-risk group (score: 1–7), 

90% to 95% in the average-risk group (score: 8), 85% to 

90% in the moderately high-risk group (score: 9), 70%  

to 85% in the high-risk group (score: 10–11), and 70% 

in the very high-risk group (score 12).46

Data from the REVEAL registry confirmed the prognos-

tic value of parameters such as WHO-FC and the 6MWT 

distance, and the prognostic relevance of hemodynamic 

parameters such as CI and RAP, as well as lung function 

parameters, such as DLCO. Similarly, this registry has shown 

the prognostic relevance of biochemical markers (ie, BNP), 

vital signs (ie, HR and artery systolic pressure), as well as 

of comorbidities (ie, the presence of renal impairment) and 

demographic data (ie, age and race).45 

Another registry, the French Pulmonary Arterial Hyper-

tension Network, has also focused on survival and important 

prognostic indicators in patients with PAH.47 A total of 

674 consecutive adult patients (121 incident and 553 preva-

lent cases) were prospectively enrolled in 2002–2003. In 

the entire cohort, 1-, 2-, and 3-year survival rates were 87%, 

76%, and 67%, respectively. In the subset with prevalent 

idiopathic, familial, and anorexigen-associated PAH who 

were diagnosed 3 years prior to study entry (n=134),  

1-, 2-, and 3-year survival rates were significantly higher 

Table 4 REVEAL registry PAH risk score calculator

Group 1, subgroup Associated with CTD: +1 Associated with portal hypertension: +2 Heritable: +2
Demographics and comorbidities Renal insufficiency: +1 Males, age 60 years: +2
WHO functional class Class 1: -2 Class iii: +1 Class iv: +2
vital signs Systolic BP 110 mmHg: +1 Heart rate 92 bpm: +1
6-minute walking distance 440 m: -1 165 m: +1
BNP 50 pg/mL: -2 180 pg/mL: +1
echocardiogram Pericardial effusion: +1
Pulmonary function test DLCO 80% pred: -1 DLCO 32% pred: +1
RHC mRAP 20 mmHg within 1 year: +1 PvR 32 wood units: +2

Sum of above +6 = total risk score

Note: Calculated risk scores range from 0 (lowest risk) to 22 (highest risk).
Abbreviations: REVEAL, Registry to Evaluate Early and Long-Term PAH Disease Management; PAH, pulmonary arterial hypertension; CTD, connective tissue diseases; 
WHO, World Health Organization; BP, blood pressure; BNP, brain natriuretic peptide; DLCO, pulmonary diffusing capacity for carbon monoxide; pred, predicted;  
RHC, right heart catheterization; mRAP, mean right atrial pressure; PVR, pulmonary vascular resistance.
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than in incident patients (n=56). In the combined cohort of 

patients with idiopathic, familial, and anorexigen-associated 

PAH, multivariate analysis showed that survival could be 

estimated by means of a novel risk-prediction equation using 

the patient’s sex, walk distance, and cardiac output at the 

time of diagnosis.47 

Recently, Nickel et al22 reported a systemic evaluation 

of prognostic markers at baseline and follow-up in a series 

of patients with idiopathic PAH. The follow-up assessments 

were found to be better outcome predictors than the baseline 

evaluations. Thus, both baseline and follow-up assessments 

are important when assessing the risk of patients with PAH. 

The baseline evaluation will determine disease severity at 

presentation, providing important information for choosing 

the initial therapy. Follow-up assessments are crucial for 

assessing the response to treatment, and they seem to pro-

vide a more reliable prognostic estimation than the baseline 

evaluation. Table 5 summarizes the variables used in clinical 

practice to determine the response to therapy and progress 

in patients with PAH.20 

General therapeutic strategies
Over the last decade, the therapeutic management of PAH 

patients has rapidly advanced. The introduction of specific 

treatments resulted in substantially improved prognosis and 

outcomes for patients suffering from this disease. There-

fore, in the last few years, the expected survival of patients 

diagnosed with PAH has undoubtedly improved when com-

pared with that reported in the early 1990s. However, poor 

prognosis and rapid clinical deterioration are still observed 

in some patients.6,12,48 

At present, the main goal is to improve patient outcomes 

through currently available therapies, and the early diag-

nosis of PAH followed by treatment with first-line mono-

therapy is, above all, the best strategy for achieving this 

result.2,49 However, increasing emphasis is currently being 

placed on the importance of therapeutic escalation in patients 

who do not satisfactorily respond to the initial treatment. 

Historically, the decision of whether or not to use an escala-

tion therapy was largely based on the presence of clinical 

deterioration.50,51 However, an approach has recently been 

adopted that allows for the implementation of an intervention 

before clinical and functional worsening is observed, since 

waiting for deterioration is not considered an acceptable 

option in a rapidly progressing disease like PAH.

Escalation therapy depends on the availability of different 

classes of specific drugs that use different modes of action, 

offering the possibility to combine several therapies. It is known 

that currently used drugs exert their effects on three main endog-

enous pathways: 1) the prostacyclin pathway; 2) the endothelin 

pathway; and 3) the nitric oxide (NO) pathway (Figure 1). 

Prostacyclin has been shown to play a role in inducing 

pulmonary vasodilatation and in inhibiting smooth muscle 

cell growth.52 This pathway is targeted by epoprostenol, the 

first drug to be approved for the treatment of PAH, and by 

two other prostacyclin analogs (ie, treprostinil and iloprost). 

Treprostinil, available in both oral and inhaled forms, is 

approved in the United States, but not in Europe.

Circulating endothelin induces smooth muscle cell pro-

liferation, fibrosis, inflammation, and vasoconstriction in the 

pulmonary vascular tree.53 Bosentan was the first oral medica-

tion specifically approved for the treatment of PAH, and it 

is a dual endothelin receptor (ET-A and ET-B) antagonist. 

Later on, selective type A endothelin receptor antagonists 

such as ambrisentan and sitaxsentan have been developed. 

However, sitaxsentan, which was approved in Europe but 

not in the US, was withdrawn worldwide from the market 

in December 2010 due to liver toxicity. 

The NO pathway is enhanced by the phosphodiesterase 

type-5 inhibitors (sildenafil and tadalafil), and it is known to 

be involved in pulmonary vasodilatation and to inhibit the 

proliferation of smooth muscle cells.54 Sildenafil is approved 

in Europe, but not in the US, and it is also approved for 

pediatric PAH.

Randomized clinical trials conducted over the past 

decade have shown that monotherapy with these  treatments 

Table 5 Variables used in clinical practice to determine response to therapy and prognosis in patients with PAH 

Variables Good response to therapy and better prognosis

WHO functional class Class i or ii
echocardiography/CMR Normal/near normal RV size and function
Hemodynamics Normalization of RV function (RAP 8 mmHg and CI 2.5–3.0 L/minute/m2)
6-minute walking distance 380–440 m; may not be aggressive enough in young individuals
Cardiopulmonary exercise testing Peak vO2 15 mL/minute/kg and eqCO2 45 L/minute/L/minute
B-type natriuretic peptide level Normal
Abbreviations: PAH, pulmonary arterial hypertension; WHO, World Health Organization; CMR, cardiac magnetic resonance; RV, right ventricular; RAP, right atrial 
pressure; Ci, cardiac index; vO2, oxygen consumption; eqCO2, ventilatory equivalent for carbon dioxide.
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is  associated with improved survival,55,56 increased physical 

exercise capacity, improved hemodynamic parameters,55,57 and 

delayed clinical deterioration.57–61 Conversely, trials on combi-

nation therapy have not provided convincing results, but there 

is increasing evidence supporting its use and efficacy.62–64 

Notably, there are three different ways to apply combi-

nation therapy to the management of PAH: the sequential 

“add-on” approach; as a “first-line” combination therapy; 

and as a “step-down” approach. The sequential “add-on” 

approach consists in adding a drug, typically with a dif-

ferent mechanism of action, for those patients who do 

not respond adequately to a monotherapy. The treatment 

algorithm from the ERS/ESC guidelines recommends a 

sequential approach for combination therapy.2 According to 

this approach, patients should be treated with a monotherapy 

and followed up regularly. If an inadequate clinical response 

to monotherapy is observed, adding a drug with a different 

mechanism of action may be considered. 

The “first-line” combination therapy is another potential 

approach, and it consists of an initial therapy with more than one 

drug. Although such an aggressive approach to PAH could pre-

vent clinical deterioration, little evidence exists supporting its 

efficacy; therefore, this option should only be considered when 

treating those severely affected patients in advanced functional 

classes such as WHO-FC IV at the time of diagnosis. A recent 

pilot study65 provided preliminary evidence of the long-term 

benefits of a “first-line” triple combination therapy (epopros-

tenol intravenous, bosentan, and sildenafil) in 18 patients with 

severe PAH. Significant improvements in 6MWT distance and 

hemodynamics were observed after 4 months and at the final 

evaluation (32±19 months). All patients were still alive after 

a mean follow-up of 41.2±13.4 months.65

Conversely, according to the “step-down” approach, it 

may be possible to gradually reduce the number of drugs 

and then step-down treatment to monotherapy in patients 

on combination therapy showing clinical improvement. 

However, this is a controversial proposal that has not been 

widely accepted.

There is now an increasing interest in another therapeutic 

approach: the up-front therapy approach, which is a treatment 

Figure 1 Mechanisms that trigger pulmonary arterial hypertension as targets for pharmacological treatments.
Note:  Copyright © 2004, Massachusetts Medical Society. Humbert M, Sitbon O, Simonneau G. Treatment of pulmonary arterial hypertension. N Engl J Med. 2004;351(14): 
1425–1436.1 Adapted with permission from The New England Journal of Medicine.
Abbreviations: eT, endothelin; Pgi2, prostaglandin i2; eTA, endothelin receptor A; eTB, endothelin receptor B; cGMP, cyclic guanosine monophosphate; cAMP, cyclic 
adenosine monophosphate; PDe5, phosphodiesterase type-5.
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strategy that may be used in patients with severe PAH in 

WHO-FC III or IV at diagnosis.66 According to this approach, 

patients should be started on a combined therapy with epo-

prostenol intravenous, which is associated with a specific 

oral treatment such as an endothelin receptor antagonist or 

a phosphodiesterase type-5 inhibitor. At present, the results 

show improved functional class, better hemodynamic para-

meters, and increased physical exercise capacity after some 

months of treatment.

Surgical treatments
To date, surgical interventions such as balloon atrial sep-

tostomy or, in the worst cases, lung transplantation, should 

be undertaken in patients persistently in WHO-FC IV who 

are not expected to improve their prognostic goals, and who 

are not achieving treatment optimization with a combination 

therapy.67

Atrial septostomy
The creation of a right-to-left shunt by atrial septostomy 

can decompress the right heart chambers and increase left 

ventricular preload. The goal is to increase systemic blood 

flow by bypassing the pulmonary vascular obstruction. The 

consequent arterial desaturation that follows the procedure 

is offset by increased CO and the augmentation of systemic 

oxygen delivery.68 Atrial septostomy may be considered 

in individuals with refractory severe PAH and right-sided 

heart failure, despite aggressive specific therapy and maxi-

mal diuretic therapy.69 It may also be considered in patients 

who have signs of impaired systemic blood flow (such as 

syncope) due to reduced left heart filling. Stepwise balloon 

dilatation is the procedure of choice.70 However, procedure-

related mortality may be as high as 15%–20%,68,71 and it is 

difficult to predict which patients will benefit and which will 

deteriorate after this therapy.

Transplantation
The advent of disease-specific therapy for severe PAH has 

reduced patient referral for lung transplant programs.70 How-

ever, the long-term outcomes of medically treated patients 

remains uncertain, and transplantation should remain an 

important option for those who fail on such therapies. Stud-

ies indicate that up to 25% of patients with idiopathic PAH 

may fail to improve on disease-specific therapy, and the 

prognosis of patients who remain in WHO-FC III or IV is 

poor.72,73 Thus, transplantation is considered by some to be 

the final effective treatment for selected patients with idio-

pathic PAH. Bilateral lung or heart–lung transplantation is 

the procedure of choice.70 The 3-year survival of patients 

who had a lung or heart–lung transplant for idiopathic PAH 

is approximately 50%.69,74 The timing of transplantation is 

critical. Guidelines for when to refer a patient for trans-

plant evaluation are as follows:75 WHO-FC III or IV; mean  

RAP 10 mmHg; PAPm 50 mmHg; CI 2.5 L/minute/m2;  

failure to improve functionally despite medical therapy; and 

rapidly progressive disease. Transplant organizations and 

organ allocation policies are influenced by medical, ethical, 

geographical, and political factors, and systems vary from 

country to country. In the US, since May 2005, the order of 

patients on the waiting list for lung transplantation has been 

based on a Lung Allocation Score (LAS) that was developed 

to address high waiting list mortality rates, and resulting in 

progressively earlier placement of patients on the waiting 

list. The three main objectives of the LAS include: 1) reduc-

ing the number of deaths on the lung transplant waiting list;  

2) increasing the transplant benefit for lung recipients; and 

3) ensuring the efficient and equitable allocation of lungs 

to active transplant candidates. The LAS system works by 

assigning a score ranging from 0–100 to all candidates older 

than the age of 12 years. It is a weighted combination of the 

predicted risk of death during the following year on the wait-

ing list and the predicted likelihood of survival during the 

first year following transplantation.76 Higher scores represent 

higher urgency and greater potential transplant benefit. In the 

2 years following the implementation of the LAS system, 

waitlist times have decreased and the mean LAS score of 

transplant recipients has increased, which is consistent with 

a greater urgency for transplantation; the total number of 

patients transplanted has also increased.77

Treat to target therapy
Current treatment goals correlate with baseline values of 

prognostic indicators, leading to a goal-oriented therapeutic 

strategy. This “treat to target” approach is recommended by 

the ESC/ERS 2009 guidelines.2 Therefore, the prognostic 

assessment of PAH patients at baseline or during follow-up 

is remarkably helpful in guiding therapeutic decisions accord-

ing to the current “treat to target” strategy, which primarily 

aims to improve the functional class and to maintain patients 

in WHO-FC II.78

The aim of treatment in PAH patients is to delay the time 

to clinical worsening and to extend the patients’ survival. 

The “goal-oriented therapy”, a treatment strategy that uses 

known prognostic indicators as treatment targets, can achieve 

this result by providing early intervention and therapeutic 

escalation before the clinical status of patients deteriorates. 
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The key difference between “goal-oriented therapy” and 

previous approaches is that clinically stabilized patients, or 

even those who improve slightly, can undergo therapeutic 

escalation if predetermined goals are not met. 

Hoeper et al79 described a “goal-oriented therapy” algo-

rithm in 2005, as shown in Figure 2. According to this algo-

rithm, PAH patients in WHO-FC III or IV, who were negative 

on the vasoreactivity test, received a first-line bosentan mono-

therapy and three treatment goals were assessed at baseline 

(6MWT distance 380 m, VO
2
 peak 10.4 mL/minute/kg,  

and peak systolic blood pressure 120 mmHg during 

exercise). If patients met all these three therapeutic goals 

in follow-up visits, bosentan monotherapy was continued. 

Alternatively, if one goal was not met, an additional therapy 

was added, respectively, in the following order: sildenafil; 

inhaled iloprost; intravenous iloprost; and then, eventually, 

lung transplantation was proposed. After a 3-year follow-up 

period, the adoption of this treatment strategy improved sur-

vival estimates when compared to historical controls (80% 

versus 63% survival at 3 years, respectively).79

New drugs according to different 
pathways
Recent advances in the knowledge of the pathogenesis and 

progression of PAH encouraged the development of novel 

and specific drugs that may improve the prognosis of these 

patients. New specific treatments targeting the three known 

endogenous pathways are waiting for approval.

Prostacyclin pathway
The prostacyclin pathway is thought to play an established 

role in the pathogenesis of PAH.1,80 PAH patients have 

reduced levels of endogenous prostacyclin and reduced 

expression of prostacyclin synthase in the lung.81,82 Several 

Figure 2 Goal-oriented treatment algorithm for patients with pulmonary arterial hypertension. 
Note: Reproduced with permission of the european Respiratory Society ©. Eur Respir J November 2005;26:858–863; doi:10.1183/09031936.05.00075305.79

Abbreviation: 6MwD, 6-minute walking distance. 
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specific therapies targeting the prostacyclin pathway have 

been developed over the last few years. However, disadvan-

tages associated with these therapies include inconvenient 

routes of administration (by continuous intravenous infusion, 

subcutaneous injection, or inhalation), a short half-life, and 

nonspecific receptor interactions.83,84 

A variety of oral prostacyclin or prostacyclin analogs 

are currently being tested in clinical trials. One of these, 

oral treprostinil, has been studied in a Phase III clinical trial 

both as a monotherapy and as part of a combination therapy 

(studies FREEDOM-C).85,86 The primary endpoint for these 

trials was an improvement in 6MWT distance at 12 weeks and 

16 weeks of treatment, and the secondary endpoints included 

dyspnea score according to Borg scale. Both endpoints have 

been achieved, although treprostinil does not exert any 

effects in terms of improving functional class or the time to 

clinical worsening.85,86 Another study, the FREEDOM-M 

trial,87 showed that oral treprostinil improved exercise capac-

ity in PAH patients not receiving other treatments; this drug 

was generally well tolerated and could provide a convenient, 

first-line prostacyclin treatment option for patients not requir-

ing more intensive therapy. Based on this trial, oral treprostinil 

was approved in the US in December 2013. 

Beraprost is another orally active prostacyclin analog. 

The limitations of this drug include a very short half-life 

(1 hour) and only modest, transient clinical benefits.88  

A recent Phase III trial with beraprost failed to meet its 

primary endpoint and was suspended.89,90 Beraprost is, at 

present, approved only in Japan and South Korea.

More encouraging results were announced by Actelion 

on June 16, 2014 in an ongoing Phase III trial (GRIPHON 

study) on selexipag, a potent, orally active molecule that is 

rapidly hydrolyzed to an active metabolite, ACT-333679. 

Both selexipag and its metabolite are highly selective for 

the IP prostacyclin receptor compared with other prostanoid 

receptors such as EP, DP, FP, and TP.1,80,83,84 Such selectivity 

for the IP receptor may potentially improve tolerability of 

selexipag in terms of side effects (for example, nausea and 

vomiting), which might result from the activation of other 

prostanoid receptors.91 In addition, selexipag has a 7.9-hour 

half-life that allows for oral dosing twice daily. 

The results reported in another study on selexipag have 

demonstrated a significant 30% reduction in PVR at 17 weeks 

of therapy and a significantly increased CI value.92 It is worth 

noting that the primary endpoint for this study is the time 

to the first morbidity/mortality event, which can provide 

crucial information on the long-term effects of selexipag in 

patients with PAH.

endothelin pathway
It is widely known that endothelin is a key mediator of PAH, 

as it drives the changes that induce pulmonary vascular 

remodeling.53,93 The effects of endothelin are mediated by 

two receptor subtypes (ET-A and ET-B) to which it binds 

with high affinity.94,95 ET-A receptors are located in smooth 

muscle cells, whereas ET-B receptors are found in both 

endothelial and smooth muscle cells. When released from 

the endothelium, endothelin exerts its effects primarily on 

smooth muscle cells, leading to vasoconstriction and prolif-

eration; in addition, endothelin acts on fibroblasts to induce 

proliferation and fibrosis, and it acts on the endothelium itself 

to generate vasoconstriction. 

In addition to the already known endothelin receptor 

antagonists (bosentan and ambrisentan), a Phase III trial 

(SERAPHIN study)96 has demonstrated the safety and toler-

ability of a novel aspecific endothelin receptor antagonist, 

macitentan. This drug, approved in both Europe and the 

US, has shown superior efficacy, improved receptor binding 

affinity, and enhanced tissue penetration when compared 

with the currently available receptor blockers. It is worth 

noting that the primary endpoint for the SERAPHIN study 

is the time to first morbidity and/or mortality event, which 

is unlike other clinical trials that employ 6MWT distance as 

the primary endpoint.96

Toxicity data and results from the clinical trial have 

proved decreased hepatotoxicity and, therefore, it is less 

likely expected to cause elevations in liver enzymes than 

bosentan. Pharmacokinetic data also demonstrated that 

daily dosing can be taken irrespective of food intake, and 

no interaction has been reported with sildenafil, warfarin, 

ketoconazole, and cyclosporine for this molecule.97,98 

Nitric oxide pathway
PAH is associated with reduced production of NO, an 

endothelium-derived vasodilator.10 In healthy individuals, 

NO acts on smooth muscle cells to induce vasodilatation 

and it inhibits proliferation through the activation of soluble 

guanylate cyclase, leading to an increased production of 

the secondary messenger cyclic guanosine monophosphate 

(cGMP).99,100 The two existing drugs working in this path-

way (sildenafil and tadalafil) exert their effects by inhibiting 

phosphodiesterase type-5 (ie, the enzyme that catalyzes 

the conversion of cGMP to GMP).101 On the contrary, rio-

ciguat, a novel drug belonging to this class, acts directly 

on soluble guanylate cyclase, stimulating the enzyme and 

increasing its sensitivity to low levels of NO.102 The efficacy 

and safety of this new treatment have been demonstrated 
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in Phase III clinical trials in idiopathic PAH (PATENT1–

PATENT2 study) and in chronic post-thromboembolic PAH 

patients (CHEST1–CHEST2 study), respectively.103,104 In 

both studies, riociguat significantly improved the 6MWT 

distance, and it also improved secondary endpoints such as 

PVR, NT-proBNP, WHO-FC, time to clinical worsening, 

and the Borg dyspnea score.103,104 Riociguat is approved in 

both Europe and the US. 

Platelet-derived growth factor pathway
The platelet-derived growth factor (PDGF) is one of the most 

promising targets in PAH.105,106 It is well known that PDGF 

plays a role in endothelial dysfunction and cell proliferation, 

and in the migration of smooth muscle cells. Studies on animal 

models of pulmonary hypertension demonstrate a regression 

of pulmonary vascular remodeling following the administra-

tion of imatinib mesylate, a tyrosine kinase inhibitor approved 

for the treatment of chronic myelogenous leukemia.107 Ima-

tinib seems to play a role as a PDGF receptor antagonist, 

 suppressing PDGF-induced vascular remodeling.108 A 24-week 

Phase III clinical trial (IMPRES study)109 has investigated the 

benefits generated by imatinib in 202 PAH patients receiving 

at least two specific treatments, using a double-blind, random-

ized, controlled study design. A significant improvement was 

observed for the primary endpoint of 6MWT distance (+32 m 

with imatinib versus placebo) and for the secondary endpoint 

of hemodynamic parameters.109 

However, imatinib is not approved for use in PAH. 

Despite the approval of imatinib for numerous oncology 

conditions, its use in PAH is not recommended due to several 

cases of subdural hematoma and due to the long-term cardiac 

side effects reported for this drug.110,111

Therapy according to functional 
class
A treatment algorithm for PAH patients is shown in Figure 3.  

It is based on severity of the disease and includes new spe-

cific drugs.112 

Figure 3 Therapeutic approach for pulmonary arterial hypertension based on the WHO-FC. 
Note: Adapted from J Am Coll Cardiol, 62(25 Suppl), Galiè N, Corris PA, Frost A, et al, Updated treatment algorithm of pulmonary arterial hypertension, D60–D72,112 
Copyright © 2013, with permission from elsevier.
Abbreviations: CCB, calcium channel blocker; WHO-FC, World Health Organization functional class; IV, intravenous; SC, subcutaneous; inhal, inhaled.
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When considering mild functional limitations, there is 

not a clear indication for treatment in patients of WHO-FC I,  

except for primary therapy if there is an associated disease 

causing PAH. In patients with idiopathic PAH and a positive 

response to the vasoreactivity test, calcium channel blockers 

(CCB) may be effective.

Patients in WHO-FC II–IV should to be evaluated for a 

specific therapy. In addition, the need for oxygen, diuretic, 

and anticoagulant therapy should be assessed. All patients 

selected for a specific therapy should undergo RHC and a 

vasoreactivity test. For patients who have a positive vasore-

activity test, a trial of CCB therapy is recommended. Patients 

who respond to such therapy should be reassessed after 

3–6 months of treatment. For patients who have a negative 

vasoreactivity test or who fail CCB therapy, specific therapy 

with prostanoids, endothelin receptor antagonists, and phos-

phodiesterase type-5 inhibitors is indicated. The preferred 

agent is related to the functional severity of the disease, and 

the choice should also be made according to the physician’s 

experience, a drug’s availability, and the patient’s preference. 

An inadequate clinical response to a single agent represents 

an indication for combination therapy using two or more 

classes of drugs that are used simultaneously. Finally, atrial 

septostomy and lung transplantation are reserved for patients 

who are refractory to medical therapy.

Challenges for the future
Although the studies conducted thus far provide valuable data 

that can help in the selection of therapeutic targets, further 

large cohort, prospective studies are still needed. The aim 

of these studies should be to determine the most appropri-

ate treatment goals associated with the best outcomes for 

each subgroup of patients, and to investigate the difference 

in disease progression between incidence and prevalence 

cases. Moreover, these trials should combine variables with 

more extended survival time and include PAH patients with 

different etiologies. As a matter of fact, only PAH patients 

in group 1 have been enrolled in clinical trials so far, and 

this represents a major limitation. 

Conclusion
PAH is a progressive disease that requires an early diagnosis 

to ensure a better prognosis, as well as regular monitoring 

to guide therapeutic escalation if treatment goals with initial 

monotherapy are not met. To date, the “add-on” combination 

therapy appears to be the best option to achieve treatment 

goals. At present, available data indicate that the most rel-

evant goal is the improvement of patients to lower functional 

classes, at least to WHO-FC II, as well as improved hemo-

dynamic and functional parameters. Treatment goals have 

remarkably evolved over the last decade and are becoming 

increasingly sophisticated, but additional data are required 

in order to identify new parameters of prognostic value and 

to improve treatment strategies leading to the optimized and 

personalized clinical and therapeutic management of PAH 

patients.
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