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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a chronic and 
progressive disease. In Europe, the estimated annual 
incidence of PAH is 5–10 cases per million adults.[1,2] 
PAH may be underdiagnosed and underreported because 
of the nonspecific presentation that makes accurate 
diagnosis challenging.[3]

Moreover, as knowledge of PAH increases, there is a better 
understanding of what treatment goals or outcomes are 
associated with improvement in survival, and how these 
might be achieved through combination therapy.[3] The 
endothelin, nitric oxide (NO), and prostacyclin pathways 
are involved in PAH, and current recommendations 
support the use of combined therapies that target each 
of these pathways. Consequently, the use of drugs with 
different mechanisms of action, preferably oral drugs 
that are more convenient for the patient, is believed 

to be the optimal approach. The European Society 
of Cardiology and the European Respiratory Society 
guidelines recommend that low- or intermediate-risk 
PAH patients with World Health Organization (WHO) 
functional Class (FC) II–III can be treated with either 
initial monotherapy or initial oral combination therapy. 
High-risk patients (WHO FC IV) should begin initial 
combination therapy including medications action on 
the prostacyclin pathway.[4]

Although prostacyclin therapy is recommended in 
patients with severe PAH, >30% of the patients with 
WHO FC IV are not prescribed the same. Furthermore, 
44.1% of the patients who died because of PAH were not 
using prostacyclin therapy. Moreover, parenteral and 
inhaled prostacyclins present limitations in terms of the 
quality of life as well as risks concerning catheters or 
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ABSTRACT
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progressively worsened with fatigue, syncope, WHO 
FC IV (the patient was unable to perform the 6-MWT), 
and higher serum B-type natriuretic peptide (from 100 
to 250 ng/L), the patient was classified as being at high 
risk, and prostacyclin target therapy was recommended.

We discussed the use of inhaled or even parenteral 
prostacyclin (subcutaneous pump or central catheter). 
Considering the risks of IV or subcutaneous prostacyclin 
administration and the need for frequent administration 
when aerosolized prostacyclins are used, we discussed 
the use of an oral route. Therefore, owing to the adverse 
events associated with the use of prostacyclin analogs, 
we decided to administer add-on therapy with an 
oral agonist of IP receptor (selexipag). Concomitant 
therapy (macitentan and sildenafil) and warfarin were 
maintained. The international normalized ratio was 
measured once each month because the therapeutic 
levels were stable (ranging from 2.2 to 2.5).

Selexipag was started in the evening at 200 mcg bid; 
during the first 2 weeks, the dose was raised in steps of 
200 mcg once daily. After this initial period, the dose 
was uptitrated in steps of 400 mcg/d to reach a final 
dose of 1600 mcg/d (highest tolerated dose). Three 
weeks after starting selexipag add-on drug therapy, the 
patient’s WHO FC improved to III and her vital signs 
were as follows: heart rate 82 bpm, blood pressure 
100/60 mmHg, and peripheral oxygen saturation 
94%. No cardiac catheterization was performed after 
starting selexipag. At the final week of uptitrated 
dose (final dose: 1600 mcg/d), an improvement in 
the WHO FC, SF-36 clinical self-assessment score, 
and 6-MWT was observed [Figure 1a and b]. After 3 
months of follow-up, the patient was classified as WHO 
FC II, and the PASP estimated on echocardiography 
decreased from 104.8 mmHg to 78 mmHg [Figure 2a-c]. 
Echocardiographic parameters are described as follows: 
PASP = 78 mmHg estimated on the basis of tricuspid 
regurgitation plus right atrial pressure of 10 mmHg, 
right atrial area = 18 cm2, main pulmonary artery 
diameter = 2.7 cm, D-shaped LV, TAPSE = 1.8 cm, and 
no pericardial effusion. The use of supplemental oxygen 
was reduced to nocturnal oxygen therapy because her 
peripheral oxygen saturation showed improvement. In 
fact, she showed an important improvement in terms of 

infusion pump. Selexipag is an orally bioavailable form 
of prostacyclin therapy. This drug is a highly selective 
IP prostacyclin receptor agonist that exerts vasodilatory 
and antiproliferative effects.[5,6]

Here, we report the use of selexipag in a 15-year-old girl 
with idiopathic PAH; the treatment resulted in substantial 
improvement in her quality of life and exercise capacity.

CASE REPORT

A  15-year-old girl (weight 50 kg; body surface 
area  1.45  m2) was diagnosed with idiopathic PAH with 
clinical deterioration and signs of disease progression. 
Initial right cardiac catheterization demonstrated a mean 
pulmonary artery pressure of 60 mmHg and pulmonary 
artery systolic pressure (PASP) of 80 mmHg, with a 
systolic aortic pressure of 68 mmHg. The pulmonary 
vascular resistance index (PVRI) to body surface area 
was 15.9 Wood units.m2, the cardiac index was 385 
l/m/m2, and the right atrial pressure was 11 mmHg 
with no response to NO. Initially, a drug combination 
of sildenafil 60 mg/day, bosentan 125 mg/day (bid), 
and anticoagulant (warfarin) was used and achieved a 
good response.   The patient’s WHO FC improved from 
class III to II, the six-minute walk test (6-MWT) distance 
increased from 266 m to 358 m, echo parameteres showed 
a decrease in  the PASP from 88 mmHg to 54 mmHg and 
the B-type natriuretic peptide decreased from 150 to 100 
ng/L. Cardiac catheterization was not performed. Six years 
thereafter, the 6-MW and echocardiographic parameters 
gradually worsened. The 6-MW distance decreased from 
358 m to 165 m (i.e., reduced by >15%, as confirmed 
by two tests performed on different days in a period 
of  2 weeks). Transthoracic echocardiography showed the 
following results: PASP = 104.8 mmHg (estimated with the 
tricuspid regurgitation plus right atrial pressure of 10 
mmHg), right atrial area = 19 cm2, main pulmonary artery 
diameter = 3.3 cm, crescent-shaped left ventricle (LV), 
tricuspid annular plane systolic excursion (TAPSE) = 1.5 
cm, and no pericardial effusion. Cardiac catheterization 
was repeated and demonstrated a PVRI value of 17 wood 
units/m2 and a cardiac index of 2.4 l min/m2. The bosentan 
was switched to macitentan (10 mg/d) with no significant 
clinical improvement. As the clinical presentation 

Figure 1: Clinical effects of selexipag in a teenage patient within the first 26 weeks: (a) Increase in the 6‑min walking test distance 
with the titration dose and 3 months after starting this novel therapy and (b) improvement in the SF‑36 clinical self‑assessment score
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quality of life and could return to the performance of 
routine activities, including school activities.

DISCUSSION

The last consensus for pediatric PAH treatment by the 
American Heart Association and the American Thoracic 
Society recommends the use of prostacyclin analogs in 
high-risk patients and consideration of early combination 
with phosphodiesterase inhibitor and/or endothelin 
receptor antagonist.[7] In the pediatric population, 
current treatment with drugs that act on the prostacyclin 
pathway include inhaled (iloprost and  epoprostenol) 
and IV prostacyclin analogs (iloprost, treprostinil, and 
epoprostenol). Various studies have reported that the 
continuous IV infusion of prostacyclin improves patient 
survival; however, complications due to central venous 
catheter administration (sepsis, local infection, and 
catheter dislodgement) may occur.[8,9] Currently, the risk 
of infection may be mitigated with the use of closed-hub 
systems, and IV prostacyclin is indicated in the critical 
care setting. One randomized control trial demonstrated 
improvements in the hemodynamic parameters and 
symptoms with continuous subcutaneous infusion of 
treprostinil.[10] In fact, treatment with subcutaneous 
prostacyclins is well tolerated (79%), and site pain can 
be managed with simple analgesics in most pediatric 
patients.[11] In addition, IV, subcutaneous, and inhaled 
prostacyclins are drugs with a short half-life and poor 
compliance.[12-14] Consequently, considering the risks of 
parenteral use and with a focus on better compliance, 
we decided to use the oral route of administration.[15]

Selexipag is an oral nonprostanoid and a highly 
selective IP prostacyclin receptor agonist that enables 
vasodilatation and inhibits cell proliferation.[16] However, 
prostacyclin analogs stimulate other receptors, such 
as EP3 and TP, that are inhibitory receptors.[17] The 
simultaneous activation of all receptors leads to opposing 
effects, weakening the IP receptor-mediated vasodilator 
effects, and inducing pulmonary vasoconstriction and 
cell proliferation. Therefore, this fact is related to the 
limited long-term efficacy and more intense adverse 
events observed in prostacyclin analogs therapy.[5]

The GRIPHON study was a randomized, double-blind, 
placebo-controlled study that showed the safety (Phase 2) 
and efficacy (Phase 3) of this drug. In this study, the risk of 
death and complications due to PAH (primary endpoint) 
was significantly lower among patients who used selexipag 
than among those in the placebo group.[18] Similarly, in 
this case, no hospitalization or other complications related 
to PAH were observed within 7 days after the last intake 
of selexipag. However, during the first 2 weeks (400 
mcg/d–600 mcg/d), headache, diarrhea, and nausea 
persisted with symptomatic medications and food intake, 
requiring a 50% decrease in the weekly titration dose. 
Precocious adverse events constituted a challenge because 
they were used to define the maximum tolerated dose. 
The final tolerated dose in this teenage patient was 1600 
mcg at which the adverse events became unmanageable.

In the reported case, no cardiac catheterization 
was performed after starting selexipag, and clinical 
parameters were used to guide therapy. The European 
Society of Cardiology and the European Respiratory 
Society guidelines do not mention compulsory cardiac 
catheterization for therapeutic change in pediatric 
patients.[3] Furthermore, the indications for repeat 
cardiac catheterization in pediatric patients with 
pulmonary hypertension are not well defined.[19]

Our subject was a high-risk patient; therefore, we started 
add-on selexipag despite the lack of data on the pediatric 
population. In a recent multicenter study on 15 patients,[20] 
the add-on selexipag therapy was well tolerated with better 
right ventricular systolic function and FC.[20] Furthermore, 
a single-center study on a small number of patients and a 
case report have shown similar results.[21,22] Thus, selexipag 
may be a promising drug for targeting the prostacyclin 
pathway in pediatric patients with PAH. However, 
experimental studies conducted in rat pups demonstrated 
that selexipag causes gastrointestinal disturbances, such 
as intestinal intussusception.[23] Therefore, to prevent the 
deleterious effects of selexipag in infants, additional studies 
on a larger population of pediatric patients are warranted.
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Figure 2: Echocardiography showing a decrease in the pulmonary artery systolic pressure from 104.8 mmHg before the initiation 
of selexipag (a) to 78 mmHg after 3 months (b). Pulmonary artery systolic pressure was calculated using the following formula: 
PAP = tricuspid regurgitation gradient (RT) + RA pressure (RAP) = 10 mmHg. PAP: Pulmonary artery systolic pressure; TR: Tricuspid 
regurgitation gradient; RAP: Right atrial pressure (c) 3D echocardiography showing the crescent‑shaped LV (“D‑shaped” LV) before 
selexipag initiation. 3D: Three dimensional; RV: Right ventricle; LV: Left ventricle
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