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The Sildenafil in Treatment-Naı̈ve Chil-
dren, Aged 1-17 Years, With Pulmonary
Arterial Hypertension (STARTS-1) study
was a 16-week, randomized, double-blind
study of treatment-naı̈ve children to eval-
uate the effects of oral sildenafil in pedi-
atric PAH.1 Children (n�234) with PAH
(aged 1-17 years, �8 kg) received low-
dose, medium-dose, or high-dose sildena-
fil (based on 3 body weight cohorts: �8 to
�20 kg, 20 to 45 kg, and �45 kg) or
placebo orally 3 times daily.

The primary comparison was percent-
age change in peak oxygen consumption
(pVO2), measured during cycle exercise
testing for the 3 sildenafil doses com-
bined from baseline to Week 16; exer-
cise testing was performed only in chil-
dren able to exercise reliably. Secondary
endpoints, including mean pulmonary
artery pressure (mPAP), pulmonary vas-
cular resistance index (PVRI), and func-
tional class (FC), were assessed in all
enrolled patients, including those unable
to exercise reliably. The estimated mean
percentage change in pVO2 for the low
dose, medium dose, and high dose com-
bined vs placebo was 7.7�/�4.0%
(95% confidence interval, �0.2% to
15.6%; P�0.056). Peak VO2, FC,
mPAP, and PVRI improved with the
medium-dose and high-dose groups
compared with placebo, whereas the
low dose was ineffective compared with

placebo at Week 16 compared with
baseline.

Upper respiratory tract infections, py-
rexia, and vomiting occurred more often
with sildenafil than placebo. A long-
term extension study included children
continued on sildenafil monotherapy. In
STARTS-2 (the ongoing long-term ex-
tension study), increased mortality was
observed with children started on high
doses compared with lower doses.
When participating subjects had com-
pleted 3 years and some as long as 7
years, more deaths were observed in
those initiating high-dose sildenafil. The
incidence of deaths in the subjects
started on high-, medium-, and low-dose
sildenafil as of 2011 was 20% (20 of

100), 14% (10 of 74), and 9% (5 of 55),
respectively. Deaths in the STARTS-2
extension study were related to PAH
etiology and baseline disease severity.
The majority of deaths occurred in pa-
tients with idiopathic PAH/familial
PAH as compared with PAH associated
with congenital heart disease patients.
Of patients who died, most had baseline
values above median values for PVRI,
mPAP, and right atrial pressure.

This landmark study is the first ran-
domized, double-blind, placebo-
controlled trial of a PAH therapy in
children. The primary endpoint of an
improvement in pVO2 comparing the 3
dose groups, that is, the low-, medium-,
and high-dose groups vs placebo was
not statistically significant (P�0.056).
On evaluation of secondary endpoints,
the low dose was ineffective, with im-
provements in hemodynamics and exer-
cise capacity in children treated with
medium- and high-dose sildenafil com-
pared with sildenafil at Week 16 vs
baseline. Due to the higher mortality
observed in children initiating PAH
therapy with sildenafil high-dose mono-
therapy during long-term follow-up, it is
reasonable to avoid the higher dose
range used in the STARTS-1 study. The
dosing for sildenafil as add-on therapy
has not been studied and thus remains
unknown.

Sildenafil is approved for use in chil-

While we have long understood pulmonary arterial hypertension (PAH) to be
a chronic disorder of the pulmonary vasculature that can lead to right heart
failure and death if untreated, there are currently no therapies approved for
children. Recommendations for treatment for children have been derived
from evidence-based adult guidelines. However, limited data suggest ben-
efits for children utilizing drugs approved for adults. This landmark study is
the first randomized, double-blind, placebo-controlled trial of a PAH therapy
in children.

Sildenafil Thrice-Daily Dose in the STARTS-1 Trial

Body Weight (kg)

Sildenafil Dose (mg)

Low Medium High

�8 to 20 NA† 10† 20
�20 to 45 10 20 40
�45 10 40 80

†Modeling of the plasma concentrations for each dose level showed that the low and
medium doses were predicted to be similar for the 8- to 20-kg patients (ie, patients
would receive the same dose because of the available tablet strengths); consequently,
there was no low dose for this group.1
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dren with PAH in Europe: 10 mg orally 3
times daily in patients up to 20 kg, and 20
mg orally 3 times daily in children who
weigh more than 20 kg; however, this
dosing strategy was not based on the

STARTS-1 trial. To date, sildenafil is not
approved for children with PAH in the
United States. At this time, definite US
dosing guidelines cannot be made for
sildenafil in children with PAH.
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FEATURED ONLINE COURSES 
 

PRESENTED AT THE 4TH INTERNATIONAL NEONATAL AND CHILDHOOD PULMONARY VASCULAR DISEASE CONFERENCE
 
 

PULMONARY HYPERTENSION ASSOCIATED WITH HEMOLYTIC DISORDERS

PRESENTERS Mark Gladwin, MD, University of Pittsburgh, Penn.  

ABOUT   This course discusses the different hemolytic conditions seen in pulmonary hypertension, including the way that  
 hemolytic conditions may affect nitric oxide signaling as well as the impact on survival.

 
 

EMERGING PHARMACOLOGICAL TREATMENT APPROACHES/NOVEL PATHWAYS: STRENGHTS, GAPS, UNMET NEEDS

PRESENTERS Robyn Barst, MD, Columbia University, New York, N.Y. 

ABOUT   This course discusses the future of pulmonary hypertension therapies, from tyrosine kinase inhibitors to  inhaled   
 nitrous oxide and the many treatment opportunities being researched.

 
 

UPDATE ON EISENMENGER SYNDROME: THE ROLE OF SPECIFIC PULMONARY HYPERTENSION THERAPIES

PRESENTERS Gary Webb, MD, Cincinnati Children’s Hospital, Cincinnati, Ohio   

ABOUT   This course covers the definition and causes of Eisenmenger syndrome as well as issues involved with pulmonary  
 artery banding.

 
 

PULMONARY HYPERTENSION ON THE INDIAN SUBCONTINENT

PRESENTERS Sivasubramanian Ramakrishnan, MD, DM, AIIMS, All India Institute of Medical Sciences, New Delhi, India  

ABOUT   This session covers the state of pulmonary hypertension in India and how general barriers to effective health care  
 affect the ability to seek treatment in the field of pulmonary hypertension.
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