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Abstract

Despite the increase in therapeutic options, parenteral prostacyclins remain the

cornerstone in the medical management of pulmonary arterial hypertension

(PAH). While the use of parenteral prostacyclins in pediatric patients is well

documented, less is known about alternative drug delivery methods such as enteral

administration. Given that parenteral routes of prostacyclin administration (IV or

SC) are invariably accompanied by complicated logistics and lifestyle compromises,

enteral prostacyclin administration represents an attractive treatment option.

Selexipag (Uptravi®) was approved for adults PAH in 2015. There is limited data on

the hemodynamic efficacy of transitioning from parenteral prostacyclins to

selexipag, particularly in the pediatric population. We report 11 pediatric PAH

patients who underwent this transition, in which 10 had complete cardiac

catheterization data before and following the transition to selexipag. All patients/

families reported an improvement in quality of life, and the transitions occurred

without adverse effects. However, 3 of the 11 (27%) did not tolerate the transition;

two for worsening hemodynamics, and one for acute right ventricular failure in the

setting of an intercurrent illness. In addition, the transition to selexipag was

associated with a modest increase in pulmonary vascular resistance index (6/10)

and decrease in cardiac index (6/10) in some patients. Selexipag use in pediatric

PAH represents a significant addition to our therapeutic arsenal, and its use

provides a meaningful improvement in quality of life compared with other

prostacyclin formulations. However, when goals of care include aggressive disease

management, a decision between improved quality of life and possible adverse

outcomes must be considered, and its substitution should include cautious, close,

long‐term follow‐up.
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INTRODUCTION

Recent advances in the recognition and treatment of
pediatric pulmonary vascular disease have resulted in
improved outcomes for this vulnerable patient population.1

For example, before 1995, and the introduction of prostacy-
clin therapy for pulmonary arterial hypertension (PAH), the
median survival for idiopathic pulmonary hypertension was
2.8 years, with a 3‐year survival of 48%.2 With the
development of advanced pulmonary vascular therapies that
now include phosphodiesterase 5 inhibitors (PDE5i) and
endothelin receptor antagonists (ERA), more recent pediatric
data using an aggressive therapeutic approach, demonstrates
a markedly improved survival (1‐year survival of 100%;
3‐year survival of 87%).3 However, parenteral prostacyclins
remain the cornerstone in the medical management of PAH
and remain the only therapeutic modality to have shown an
improvement in long‐term survival with PAH.4,5 While there
is a significant body of literature and clinical experience
surrounding the use of parenteral prostacyclins in pediatric
patients, less is known about alternative drug delivery
methods such as enteral administration.6 Given that
parenteral routes of prostacyclin administration (IV, SC, or
inhaled) are invariably accompanied by complicated logistics
as well as lifestyle compromises, enteral prostacyclin
administration represents an attractive treatment option.
For example, site pain, which at times can be intolerable, is a
well‐documented side effect of SC treprostinil.7,8 Although
the intravenous delivery of treprostinil intravenously avoids
site pain, it carries the risk of potentially life‐threatening
complications including malposition, thrombus, and infec-
tion associated with the presence of a central venous
catheter. Inhaled prostacyclins require frequent administra-
tion and delivery through a designated and costly inhalation
system. These issues may be particularly challenging in
infants, children, and adolescents.

In contrast to epoprostenol and treprostinil, which
are prostacyclin analogs, selexipag is a selective non‐
prostanoid prostacyclin receptor (IP) agonist which has
no activity at the EP3 receptor, a receptor that is thought
to contribute to vasoconstriction.9,10 Following large,
randomized trials in adult PAH that demonstrated a
significant decrease in mortality and PAH complications,
selexipag (Uptravi®) was approved for the treatment of
adults with PAH in 2015.9,10 Despite its increasing use in
both the adult and pediatric PAH populations, there is
limited data on the hemodynamic efficacy of transition-
ing from parenteral prostacyclins to selexipag, particu-
larly in the pediatric population.11–20 Therefore, the
objective of this study was to characterize the hemo-
dynamic changes associated with transitioning from
parenteral prostacyclins to enteral selexipag in children.
To this end, we retrospectively collected hemodynamic

data from 11 children who had undergone a transition
from parenteral prostacyclin (n= 7 SC treprostinil; n= 1
IV treprostinil; and n= 3 inhaled tyvaso) to enteral
selexipag from October 2016 to May 2022.

METHODS

This is a retrospective chart review study. All patients cared
for by the UCSF Pediatric Pulmonary Service between
October 2016 to May 2022 who had undergone a transition
from either continuous or inhaled prostacyclin therapy to
selexipag were identified (N=17). Six patients were excluded
due to inadequate follow‐up hemodynamic data.

The remaining 11 patients underwent a transition
from parenteral (SC, IV, or inhaled) treprostinil therapy
to selexipag with the intent of improving quality of life
while still pursuing aggressive medical management.
These patients are described in our statistical analyses.
One of these 11 patients had clinical and echo evidence
of acute right ventricular (RV) failure during an
intercurrent illness 1 month after transitioning. Given
her tenuous clinical status, she did not undergo cardiac
catheterization before re‐initiation of tyvaso.

Transitions

Nine of our 11 total patients were transitioned from
treprostinil to selexipag as outpatients with weekly
increases in selexipag doses ranging from 50 to 200mcg
twice daily, while inhaled or parenteral treprostinil doses
were simultaneously decreased. One patient underwent a
similar protocol as an inpatient, and one underwent a
previously described rapid transition from IV treprostinil
to selexipag over 5–7 days while in the hospital.21

Baseline characteristics were described using mean
and standard deviation. A variety of hemodynamic data
(pulmonary vascular resistance indexed [PVRI], mean
pulmonary arterial pressure [MPAP], transpulmonary
gradient [TPG, the mean pulmonary arterial pressure
minus the left atrial or pulmonary capillary wedge
pressure], and cardiac index [CI]), B‐type natriuretic
factor (BNP), WHO functional class (FC), and 6‐min
walk test (6MWT), were compared by paired t‐tests
between the following time points: (a) before initiation of
parenteral prostacyclin, (b) on parenteral prostacyclin
therapy before transitioning to selexipag, and (c) on oral
selexipag following a transition off parenteral prostacy-
clin therapy. A p value of <0.05 was considered
statistically significant.

All 11 reported patients were simultaneously treated
with a PDE‐5 inhibitor, and 10/11 were treated with an
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ERA. There were no changes to these drugs during the
transition and evaluation period.

Failure to tolerate the transition to selexipag was
defined as clinical and/or hemodynamic deterioration
that led to re‐initiation of pretransition parenteral
prostacyclin therapy. However, deterioration that did
not lead to re‐initiation of parenteral prostacyclin therapy
during the follow‐up period is also reported.

The study was approved by the UCSF Institutional
Review Board with waver of consent.

RESULTS

Eleven patients underwent a transition from continuous
(SC/IV) treprostinil therapy to selexipag with the intent
of improving quality of life while still pursuing aggressive
medical management (Table 1). Transitions in this group
were undertaken for improved quality of life in the
setting of either adequate disease control (n= 9) or
intolerance of continuous therapy (n= 2). Seven of the
patients were female (73%); the mean age at presentation
with PAH was 8 years; and all were WHO Group 1
(100%). Before transition the mean duration of trepros-
tinil therapy was 20 months, and tyvaso therapy was
51 months. The mean duration of selexipag therapy at
evaluation was 9 months.

Figure 1 describes the hemodynamic changes in the
11‐patient cohort that was undergoing aggressive medical
management. All patients had hemodynamic evaluations
before and after treprostinil initiation; 10/11 also had
hemodynamic evaluations after the transition from
parenteral to enteral therapy. As seen in Figure 1,
initiation of treprostinil therapy resulted in a significant
decrease in indexed PVRI (from 12.4 ± 6.8 to 5.9 ± 1.9
woods units (WU), p< 0.05) (Figure 1a) and mean
branch pulmonary arterial pressure (mPAP) (from
53.3 ± 15.5 to 37.8 ± 10.8 mmHg, p< 0.05) (Figure 1b).
This was associated with a decrease in TPG (from
42.5 ± 16 to 26.9 ± 7.7, p< 0.05) (Figure 1c). The increase
in CI (from 3.3 ± 1.0 to 3.8 ± 1.0 l/min/m2) did not reach
statistical significance (p= 0.30) (Figure 1d). Following
transitioning to selexipag (n= 10) there were modest, but
nonsignificant increases in PVRI to 7.3 ± 2.6 WU
(p= 0.07). On average, mPAP to 41.8 ± 12.7 mmHg
(p= 0.50), TPG to 30.6 ± 10.5 (p= 0.17), and CI
(3.8 ± 1.0 to 3.8 ± 0.9 l/min/m2) did not change. How-
ever, PVRI increased in 6 of the 10 patients, mPAP
increased in 5 of the 10 patients, TPG increased in 7 of 10
patients, and CI decreased in 6 of 10 patients (Figure 1).
Mean B‐type natriuretic factor (BNP) decreased with
initiation of continuous prostacyclin therapy (from
408.1 ± 99 to 35.6 ± 32 pg/ml, p< 0.05, n= 9). Following

the transition to selexipag there was a modest but
nonsignificant increase in BNP to 86.1 ± 25 pg/ml
(p= 0.44). Functional class remained I‐II in the majority
of the cohort. Three patients had 6MWT before and after
the transition to selexipag, which were unchanged.
Importantly, there were no significant differences in
baseline pulmonary vascular hemodynamics between the
60% of patients in which vascular hemodynamics
worsened with the transition compared with the 40% of
patients in which there were no changes.

Three of these 11 patients (27%) failed the transition and
required re‐initiation of parenteral therapy. Two had been on

TABLE 1 Patient demographics

Demographics All patients (n= 11)

Sex, male, n (%) 4 (27)

Age at diagnosis (years)

Median 10

Interquartile range 14

PH WHO group classification, n (%)

PH Group 1 11 (100)

PH Group 2 0 (0)

PH Group 3 0 (0)

PH Group 4 0 (0)

Remodulin dosing (ng/kg/min)

Median 79.5

Interquartile range 29

Tyvaso dosing (mcg)

Median 48

Interquartile range N/Aa

Selexipag dosing (mcg)

Median 1600

Interquartile range 800

Duration of remodulinb (months)

Median 19

Interquartile range 11.95

Duration of tyvasob (months)

Median 48.6

Interquartile range N/Aa

Duration of selexipagc (months)

Median 9.95

Interquartile range 4.5

aSample size too small.
bAt time of pre‐selexipag catheterization.
cAt time of first post‐selexipag catheterization.
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inhaled treprostinil before the transition to selexipag, and
one was on SC treprostinil. Two patients failed for worsening
PAH (an increase in PVRI, mPAP, and TPG) (Figure 1).
Clinical worsening was demonstrated in one of these
patients as an increase in FC from II to III. One patient
failed for acute RV failure in the setting of an intercurrent
viral illness one month following the selexipag transition.
Due to the clinical and echo evidence of acute RV failure,
cardiac catheterization data was not obtained in this patient
before re‐initiation of tyvaso. Re‐initiation of parenteral
therapy resulted in improvement in two of the three patients.
The third patient, after transient improvement, suffered from
progression of his complex arterial and venous disease
and died.

There were no reported adverse effects during the
transitions. All patients and/or their families reported a
quality‐of‐life preference for the oral selexipag therapy
over their previous prostacyclin delivery (continuous SC,
IV, or intermittent inhaled).

DISCUSSION

With the expansion of advanced therapies, the lifespan of
PAH patients has improved dramatically. As such, PAH is
more commonly transitioned into a chronic disease in which

quality of life issues have become more paramount.
Historically, the targeted therapeutic cascade associated with
the most disturbance of day‐to‐day life has been the
prostacyclin cascade, which has necessitated either continu-
ous SC or IV infusions or frequent inhaled deliveries. Thus,
an enteral prostacyclin alternative has been met with great
enthusiasm. However, detailed hemodynamic characteriza-
tion of the transition from continuous or inhaled prostacy-
clin therapy to enteral therapy, particularly in the pediatric
population is lacking. We report 11 pediatric PAH patients
who underwent this transition, in which 10 had complete
cardiac catheterization data before and following the
transition to selexipag. As a group, the patients had
nonstatistically significant changes in hemodynamics after
the transition. However, pulmonary vascular hemodynamics
worsened in ~60% of patients, and 3 of the 11 (27%) did not
tolerate the transition; two for worsening hemodynamics,
and one for acute RV failure in the setting of an intercurrent
illness. Thus, such transitions require close follow‐up, and
should not be performed without careful consideration of
quality of life issues versus the risk of potential adverse
outcomes.

Available data are limited by the small number of
patients, lack of hemodynamic confirmation, long‐term
follow‐up, and sparse pediatric data.12–20 The largest
series to date is presented by Frost et al. In this series the

FIGURE 1 Changes in indexed pulmonary vascular resistance (PVRI, a), mean pulmonary arterial pressure (mPAP, b), transpulmonary
gradient (TPG, c), and cardiac index (CI, d), before initiation of a prostacyclin, on parenteral (continuous or inhaled) prostacyclin therapy, and on oral
selexipag following a transition off continuous or inhaled prostacyclin therapy. Solid lines (n=8) indicate those that transitioned from SC/IV
Treprostinil. Dashed lines (n=3) indicate those that transitioned from inhaled tyvaso. Red lines indicate a failed transition.
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authors present 34 adult patients that underwent a
transition from inhaled treprostinil to oral selexipag with
successful transition in 32 patients (94%) as assessed by
changes in functional class, BNP, and 6MWT over a
16‐week period. No hemodynamic assessments were
made, and these patients were long‐term survivors with a
mean time from diagnosis to transition of 8 years.17

Yanaka et al. reported a series of eight adult patients
transitioned from IV epoprostenol to oral selexipag in
which hemodynamic assessments were made by cardiac
catheterizations. In this series, similar to the Frost series,
BNP and 6MWT remained stable. However, mPAP and
PVR increased in ~25% of the patients, and CI significantly
declined in the entire group, voicing concern for close
clinical and hemodynamic follow‐up.12 Importantly,
Holthaus et al. also noted a decrease in CI in 3 of the 5
adult patients that underwent transition from parenteral
prostacyclin to oral selexipag.19 Therefore, it is noteworthy
that in this current pediatric series, we also demonstrate
an increase in pulmonary vascular hemodynamics in
~60% of patients and a decrease in CI in 6 of the 10
patients that transitioned from parenteral treprostinil to
selexipag in those that underwent a transition while
pursuing aggressive medical management. In addition,
since the hemodynamic worsening was only associated
with an increase in functional class in one patient, these
data emphasize the importance of invasive versus
noninvasive evaluation.

A few limitations of this study are noteworthy including
the retrospective nature of the investigation and the small
sample size. In addition, it should be stressed that the
relatively short duration of follow‐up (~10 months) is a
significant limitation, particularly since a subset that
remained on selexipag did have worsening pulmonary
vascular hemodynamics. Lastly, the contribution of advanc-
ing pulmonary vascular disease to any of the hemodynamic
changes that occurred during the transition period cannot be
excluded. However, these data represent a significant
addition to the current literature in that it represents the
first pediatric case series documenting the hemodynamic
consequences of a transition from either continuous SC/IV
or intermittent inhaled prostacyclin therapy to oral selexipag.
The actual transitions from parenteral prostacyclins to
selexipag were performed safely without adverse effects. In
addition, and as a group, changes in clinical parameters and
hemodynamics were nonstatistically significant at initial
follow‐up evaluation. However, the transition failed in 27%,
requiring re‐initiation of continuous or inhaled prostacyclin
therapy, and PVRI increased in several patients. Selexipag
use in pediatric PAH represents a significant addition to our
therapeutic arsenal, and its use provides a meaningful
improvement in quality‐of‐life compared with other prosta-
cyclin formulations. However, emerging data suggest that

aggressive therapy that obtains significant hemodynamic
improvement, results in improved outcomes.3,22–24 Thus,
when goals of care include aggressive disease management,
transitions from parenteral prostanoids should not be
routinely recommended, and involve a decision between
improved quality of life and possible hemodynamic deterio-
ration with adverse outcomes. Importantly, data is emerging
that may guide these important transitional decisions.22 For
example, in a small number of pediatric patients Douwes
et al. demonstrated that discontinuation of parenteral
prostanoids is associated with favorable outcomes if the
mPAP was ≤35mmHg and/or the PVRI was ≤4.4 woods
units at the time of discontinuation.22 However, currently,
when transitioning is performed, cautious, close, and long‐
term follow‐up to evaluate for rapid and, possibly, gradual
worsening in pulmonary vascular disease and/or RV
function is warranted.
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