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Abstract

Background: Despite the increased risk for pulmonary hypertension in children with Down syndrome, the
response to treatment with targeted therapies for pulmonary hypertension in these patients is not well
characterized. The Sildenafil in Treatment-naive children, Aged 1–17 years, with pulmonary arterial hypertension
(STARTS-1) trial was a dose-ranging study of the short-term efficacy and safety of oral sildenafil in children with
pulmonary arterial hypertension. We assessed the safety and efficacy of oral sildenafil in children with Down
syndrome and pulmonary arterial hypertension.

Methods: This was a post-hoc analysis of children with Down syndrome and pulmonary arterial hypertension
enrolled in the STARTS-1 trial. Mean pulmonary arterial pressure (mPAP), pulmonary vascular resistance index (PVRI),
and cardiac index (CI) were assessed at baseline and following 16 weeks of treatment with sildenafil.

Results: Of 234 patients randomized and treated in the STARTS-1 trial, 48 (20.5%) had Down syndrome. Although
sildenafil produced dose-related reductions in PVRI and mPAP, compared with placebo, in non–Down syndrome
patients and children developmentally able to exercise, this was not satisfactorily marked in patients with Down
syndrome. The dose-related reductions in PVRI, compared with placebo, occurred in all subgroups, with the
exception of the Down syndrome subgroup. Sildenafil appeared to be well tolerated in the Down syndrome
subpopulation and the most frequently reported AEs were similar to those reported for the entire STARTS-1
population.

Conclusion: Sildenafil treatment for 16 weeks had no effect on PVRI or mPAP in children with Down syndrome and
pulmonary arterial hypertension. The results suggest that children with Down syndrome may be less responsive to
sildenafil for pulmonary arterial hypertension, but the incomplete work-up for the etiology of pulmonary arterial
hypertension may have introduced a potential bias.

Trial registration: Study received, September 8, 2005 (retrospectively registered); Study start, August 2003;
ClinicalTrials.gov identifier, NCT00159913.
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Background
Down syndrome (DS) is the most commonly occurring
chromosomal abnormality at birth, with about 1 in 700
babies born each year in the United States having DS
[1]. In children with DS, the frequency of congenital
heart defects, mainly atrioventricular septal and ven-
tricular septal defects, is high [2], and many children
with DS have a high prevalence of associated respiratory
problems, in particular, upper airway obstruction [3].
Findings from a recent study of patients with DS living
in Mexico City (high altitude) showed that 40% had
congenital heart disease and 80% had pulmonary hyper-
tension (PH) assessed by echocardiography [4]. Children
with DS have a higher risk for developing PH due, in
part, to these congenital heart defects [5]. Other factors
that may play a role in the higher risk for PH in children
with DS include upper airway obstruction, lung hypopla-
sia, gastroesophageal reflux, abnormal pulmonary vascu-
lar function, obstructive sleep apnea (OSA) [6–8], and
an imbalance in mediators, such as nitric oxide, thromb-
oxane A2, and prostacyclin [9–11], which have been
implicated in the development of PH [12]. Despite the
increased risk for PH in children with DS, the response
to treatment with targeted therapies for PH in these
patients is not well characterized. The Sildenafil in
Treatment-naive children, Aged 1–17 years, with pul-
monary arterial hypertension (STARTS-1) trial was a
dose-ranging study of the short-term efficacy and safety
of oral sildenafil in pediatric patients with pulmonary
arterial hypertension (PAH) [13]. The purpose of this
report is to present the results of a post-hoc analysis of
the patients with DS enrolled in STARTS-1.

Methods
The STARTS-1 study design has been previously
published [13]. Briefly, children aged 1 to 17 years with
idiopathic PAH (IPAH), heritable PAH (HPAH), or PAH
associated with congenital heart defects (PAH-CHD)
were included. To be included, children had to have a
mean pulmonary arterial pressure (mPAP) ≥25 mmHg at
rest, pulmonary capillary wedge pressure ≤ 15 mmHg,
and pulmonary vascular resistance index (PVRI) ≥3
Wood units × m2. Children who were developmentally
able to exercise had to have a peak venous oxygen satur-
ation (pVO2) ≥10 mL/kg/min and ≤20 mL/kg/min dur-
ing a screening cardiopulmonary exercise test (CPET).
Children were randomized to placebo or sildenafil low,
medium, and high doses that were selected to achieve
maximum plasma concentrations of 47, 140, and
373 ng/mL, respectively, at steady state. Patients with
body weight between 8 and 20 kg were randomly
assigned to receive medium- (10 mg TID) or high -dose
(20 mg TID) sildenafil; patients between 20 and 45 kg
were randomly assigned to receive low- (10 mg TID),

medium- (20 mg TID), or high -dose (40 mg TID) sil-
denafil; and patients >45 kg were randomly assigned to
receive low- (10 mg TID), medium- (40 mg TID), or
high -dose (80 mg TID) sildenafil.
Randomization was stratified by weight and develop-

mental ability to perform a CPET (assessed using bicycle
ergometry). The primary outcome measure of pVO2 was
assessed by CPET only in children who were able to
exercise reliably at baseline and at week 16. This group
was termed “developmentally able”. The group termed
“non-developmentally able” included children who were
too young or who had other concomitant conditions
such as DS, which prevented them from performing the
CPET test as judged by the investigator. In all patients,
secondary outcome measures of mPAP, PVRI, and
cardiac index (CI) were assessed at baseline and at week
16. Complete physical examinations and laboratory tests
were performed in all patients, and investigators
recorded adverse events (AEs) and serious AEs (SAEs)
throughout the study.
The secondary outcome measures were evaluated by

using analysis of covariance (ANCOVA) in which treat-
ment comparisons were made between each of the
sildenafil groups (low, medium, and high dose) and the
placebo group, and between the combined sildenafil
group and the placebo group. For PVRI and CI, changes
from baseline at week 16 were log-transformed before
data analysis due to normality assumptions that were
not met for untransformed data. For non-DS subjects,
ANCOVA was conducted with independent variables of
etiology, weight group, capability of performing the
CPET, log-transformed baseline value, and treatment;
for DS subjects, due to the limited number of subjects,
ANCOVA was conducted with independent variables of
log-transformed baseline value and treatment. For
mPAP, for non-DS subjects, ANCOVA was conducted
with independent variables of etiology, weight group,
capability of performing the CPET, and treatment; for
DS subjects, ANCOVA was conducted with the inde-
pendent variables of etiology and treatment. Statistical
hypothesis testing was performed at the 2-side 5%
significance level. Descriptive statistics were used to
describe AEs and SAEs.

Results
Of 234 patients randomized and treated in the STARTS-
1 trial, 48 (20.5%) had DS. Of the patients with DS, 15
were aged <7 years and 33 were aged ≥7 years; only 2 of
the 48 patients were developmentally able to exercise (1
patient each in sildenafil low- and medium-dose groups).
The number of patients with DS diagnosed with IPAH/
HPAH, PAH-CHD with surgical repair, and PAH-CHD
with congenital systemic-to-pulmonary shunt was 5
(10.4%), 16 (33.3%), and 27 (56.3%), respectively.
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Approximately 60% of the non-DS patients had non-
IPAH/HPAH, whereas approximately 90% of the DS pa-
tients had non-IPAH/HPAH. Therefore, there was an
imbalance across the etiology groups. Baseline demo-
graphic and clinical characteristics of the DS and non-
DS patients were similar (Tables 1 and 2).
Sildenafil produced a trend of dose-related reductions

in PVRI and mPAP compared with placebo in develop-
mentally able and non-DS patients but not in patients
with DS (Table 3 and Fig. 1). Similarly, among non-
IPAH/HPAH patients, sildenafil produced a trend in
dose-related improvements in PVRI and mPAP com-
pared with placebo in non-DS patients but not in pa-
tients with DS (Table 4). Further analysis by etiology of
the hemodynamic endpoints was performed with the DS
children excluded to assess if this subpopulation affected
the observed treatment responses.
The most frequently reported AEs were diarrhea,

vomiting, bronchitis, laryngitis, nasopharyngitis, cough,
and headache (Table 5). None appeared to be dose re-
lated and the majority of AEs were of mild or moderate
intensity. Four patients with DS reported SAEs. Two
SAEs were considered treatment related (both in the
high-dose sildenafil group): stridor in 1 patient during
the first week of therapy and ventricular arrhythmia in
the other patient. The other 2 patients received placebo
and the SAEs were considered unrelated to treatment.

Discussion
PAH is a chronic disorder characterized by a pro-
gressive increase in pulmonary vascular resistance
leading to right heart failure and, if left untreated,
death [12]. Children with DS are at a high risk for
PH2 but the response to treatment with targeted
therapies for PAH in pediatric DS patients is not well
characterized. The STARTS-1 trial evaluated the
effects of low, medium, and high oral doses of sil-
denafil in pediatric patients with PAH, including 48
patients with DS [13]. For the primary endpoint,
percent change in pVO2 from baseline to week 16,
assessed by CPET, the combined sildenafil doses
displayed a 7.7% (95% CI: –0.19, 15.60) improvement
over placebo, but failed to achieve statistical signifi-
cance (P = 0.056). CPET was performed only in
children old enough and able to exercise reliably.
However, secondary endpoints, including mPAP and
PVRI, were assessed in all enrolled patients and
improved with medium and high doses of sildenafil
treatment.
The present post-hoc analysis compared the effects

of sildenafil in the DS cohort with other subpopula-
tions enrolled in the STARTS-1 trial. Exercise
capacity is difficult to measure in patients with DS.
Intellectual disability and failure to understand the
test procedure can have major effects on the results
of exercise tests [14]. Because there were only 2
patients with DS that were developmentally able to
exercise, changes in pVO2 were not analyzed. For the
secondary endpoints of PVRI and mPAP, sildenafil
produced similar dose-dependent reductions com-
pared with placebo for all subgroups except the DS
subgroup. Similar to the results of the STARTS-1
trial, improvements in these hemodynamic parameters
in the non-DS subgroups were only seen with the
medium and high doses of sildenafil. The overall lack
of effect of sildenafil in children with DS suggests
that the response to PAH therapy may be different in
this group of patients compared with non-DS
children.
The effectiveness of PAH therapies in patients with

DS have been mixed and often include adult DS pa-
tients. In an open-label, observational study, endothe-
lin receptor antagonism with bosentan or sitaxentan
improved 6-min walk distance (6MWD) and WHO
functional class in adult patients with PAH-CHD with
or without DS [15]. In another open-label study of 24
adult patients with DS and Eisenmenger syndrome,
bosentan therapy resulted in increased 6MWD during
the first 3 months of bosentan treatment but slowly
returned to baseline after 26 and 52 weeks of therapy
[16]. Additionally, findings from an observational
study of 7 adults with DS and Eisenmenger syndrome

Table 1 Baseline demographics

Non–Down Syndrome
(n = 186)

Down Syndrome
(n = 48)

Age, y, n (%)

1–4 26 (14) 9 (19)

5–12 101 (54) 25 (52)

13–17 59 (32) 14 (29)

Mean (SD) 9.8 (4.3) 8.8 (4.5)

Range 1–17 1–16

Race, n (%)

White 65 (35) 32 (67)

Black 4 (2) 1 (2)

Asian 38 (20) 3 (6)

Other 79 (43) 12 (25)

BMI, mean (SD) 16.6 (3.7) 19.0 (4.1)

Range 10.6–36.8 13.3–30.0

Etiology

Idiopathic/heritable 73 (39) 5 (10)

Associated with CHD

Surgical repair 51 (27) 16 (33)

Unrepaired 62 (33) 27 (56)

BMI body mass index, CHD congenital heart disease, SD standard deviation
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demonstrated improved exercise capacity and oxygen
saturation after exercise with long-term bosentan
therapy [17]. Duffels et al. [18] retrospectively
assessed changes from baseline in 6MWD following
6 months of treatment with bosentan in 58 adult
patients with PAH due to CHD, 28 patients with DS,
and 30 patients without DS. 6MWD improved signifi-
cantly from baseline at 6 months in the non-DS
patients but did not change in the DS patients. In
addition, Eipe et al. [19] reported a recent case of
severe PAH in an 11-year-old girl with DS who
continued to worsen despite maximal PAH therapy
with warfarin, sildenafil, bosentan, and inhaled
epoprostenol. The patient also had a patent foramen
ovale and was diagnosed with mild OSA possibly due
to enlarged tonsils. Following adenotonsillectomy and
initiation of continuous positive airways pressure to
treat the OSA, her PAH stabilized.
In the STARTS-1 trial, there was no prespecified

requirement to exclude OSA and/or upper airway ob-
struction that is not obviously symptomatic in DS. Thus,
it is unknown if some of the DS patients in the study
may have some type of upper airway obstruction that
could explain the lack of sildenafil response. Hawkins
et al. [3] reported in his series that 18 of 25 DS patients

screened for PH had some sort of airway disease, includ-
ing 12 who had upper airway obstruction. Even mild
upper airway obstruction may play a role in the develop-
ment of PH in this population of DS patients, particularly
if associated with CHD.
OSA has a higher prevalence in children with DS

(45% to 63%) [6, 20, 21] than in otherwise healthy
children (2%) [22], which may be related to mandibu-
lar hypoplasia, a large tongue with a relatively small
upper airway and generalized muscular hypotonia,
resulting in collapse of the airway during inspiration
[21, 23]. If snoring is not present, OSA is at times
clinically not suspected; however, this may contribute
to unexplained PH [21]. Large tonsils and adenoids
appear to precipitate OSA and upper airway obstruc-
tion in children that may lead to PH.
There are limited data regarding the effects of PAH

therapies in patients with OSA or upper airway ob-
struction. Roizenblatt et al. [24] assessed the effect of
sildenafil 50 mg at bedtime on nocturnal respiratory
and desaturation events in 14 middle-aged men with
severe OSA in a double-blind, placebo-controlled,
crossover study. Sildenafil significantly increased the
frequency and duration of these events, which the
authors speculated may be due to increased nasal

Table 2 Baseline clinical characteristics

Non–Down Syndrome Down Syndrome

Parameter n Mean (SD) n Mean (SD)

mPAP, mm Hg 184 61.5 (23.0) 47 63.6 (16.7)

mSAP, mm Hg 184 75.3 (14.3) 47 67.9 (12.5)

RAP, mm Hg 184 8.3 (5.1) 47 7.5 (2.8)

mPAP/mSAP 184 0.8 (0.3) 47 0.9 (0.2)

PCWP, mm Hg 183 9.8 (3.8) 47 9.4 (2.9)

CI, L/min/m2 181 3.4 (1.5) 45 3.6 (2.3)

PVRI, dyn∙s/cm5/m2 177 1441.3 (1052.7) 45 1638.4 (1273.2)

SVRI, dyn∙s/cm5/m2 181 1822.4 (860.1) 45 1669.0 (852.6)

PVRI/SVRI 176 0.8 (0.7) 45 1.2 (1.3)

sPAP/sBP 184 0.9 (0.3) 47 0.9 (0.2)

dPAP/dBP 184 0.7 (0.3) 47 0.8 (0.2)

Peak VO2, mL/kg/min 113 18.4 (4.2) 2 12.4 (0.9)

Time to maximum peak VO2 113 466.7 (133.5) 2 445.0 (183.9)

% Predicted peak VO2 113 46.7 (11.4) 2 36.0 (5.1)

WHO Functional Class, n (%) N = 183 N = 48

Class I 57 (31) 18 (38)

Class II 95 (52) 25 (52)

Class III 30 (16) 5 (10)

Class IV 1 (1) 0

CI cardiac index, dBP diastolic blood pressure, dPAP diastolic pulmonary artery pressure, mPAP mean pulmonary artery pressure, mSAP mean systolic arterial
pressure, PCWP pulmonary capillary wedge pressure, PVRI pulmonary vascular resistance index, RAP right arterial pressure, sBP systolic blood pressure, sPAP
systolic pulmonary artery pressure, SVRI systemic vascular resistance index
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congestion. The nasal congestion may even augment
upper airway obstruction and indeed may be deleteri-
ous for these patients. These problems may, in part,
explain the limited effect of sildenafil in this
population.
The results of the present analysis suggest that chil-

dren with DS and PAH may be less responsive to sil-
denafil therapy. This is also consistent with previous
studies that have documented reduced endothelium-
dependent vasodilation in DS patients compared with
age-matched healthy individuals [25] and an imbal-
ance in the synthesis of the vasoconstrictor thromb-
oxane A2 compared with the vasodilator prostacyclin
in children with DS [10]. In addition, children with
PAH-CHD and DS are less responsive to inhaled ni-
tric oxide than children with PAH-CHD but without
DS [26]. Finally, levels of circulating endothelial pro-
genitor cells, which may play a role in endothelial
repair and be predictive of cardiovascular events and
death from cardiovascular causes [27] are low and
more susceptible to oxidative damage in individuals
with DS compared with healthy individuals [28].
Moreover, circulating endothelial progenitor cells are
low in adult patients with Eisenmenger syndrome

compared with healthy individuals, and those with DS
had even fewer endothelial progenitor cells [29].
Hence, physicians need to carefully monitor vasodila-
tor therapy effectiveness when treating patients with
DS and PAH.
One potential reason for the increased incidence of

PAH in children with DS is that children with DS
may have pulmonary hypoplasia [8, 11]. One study
demonstrated that respiratory architecture develops
poorly in infants with DS [8]. Pulmonary hypoplasia
can lead to PAH because of enlarged alveoli and a
decrease in the number of alveoli, which means that
capillaries cover a proportionally smaller surface area
of alveoli [11]. However, other pathologies presenting
lung hypoplasia, such as congenital diaphragmatic
hernia, have shown response to sildenafil suggesting
that the latter may be not the only reason for non-
response in DS [30]. Additional studies are war-
ranted to determine whether pulmonary hypoplasia
plays a role in the limited effect of sildenafil in DS
children.
Sildenafil appeared to be well tolerated in this subpop-

ulation of patients with DS. The most frequently
reported AEs in the DS cohort were similar to those

Table 3 Treatment comparisons to placebo for PVRI, mPAP, and CI in the Down syndrome and non–Down syndrome populations

Comparison to Placebo (95% CI)

All Non–Down Syndrome Non–Down Syndrome

Parameter Treatment Group Down Syndrome Developmentally Able IPAH/HPAH

PVRI, ratio active/placebo Low Dose 1.02 (0.62, 1.69)
(n = 6)

0.99 (0.80, 1.24) (n = 31) 0.96 (0.74, 1.24)
(n = 24)

0.96 (0.67, 1.38)
(n = 11)

Medium Dose 0.81 (0.54, 1.22)
(n = 10)

0.82 (0.67, 1.00) (n = 41) 0.78 (0.61, 1.00)
(n = 27)

0.75 (0.54, 1.03)
(n = 17)

High Dose 1.11 (0.76, 1.62)
(n = 14)

0.64 (0.53, 0.78) (n = 54) 0.56 (0.43, 0.72)
(n = 26)

0.67 (0.50, 0.90)
(n = 23)

Combined Dose 0.97 (0.68, 1.38) (n = 30) 0.81 (0.68, 0.95) (n = 126) 0.74 (0.60, 0.91) (n = 75) 0.78 (0.60, 1.02)
(n = 51)

mPAP, difference from
placebo, mmHg

Low Dose 12.3 (−2.0, 26.5)
(n = 6)

−0.99 (−7.55, 5.56)
(n = 33)

−2.4 (−10.1, 5.3) (n = 26) −1.0 (−11.0, 8.9)
(n = 12)

Medium Dose −2.8 (−14.4, 8.7)
(n = 12)

−4.15 (−10.15, 1.85) (n = 43) −7.7 (−15.3, −0.2)
(n = 28)

−2.8 (−11.7, 6.1)
(n = 18)

High Dose 2.8 (−8.4,13.9)
(n = 14)

−10.52 (−16.25, −4.79) (n = 57) −17.2 (−24.9, −9.6)
(n = 27)

−7.7 (−16.0, 0.7)
(n = 24)

Combined Dose 4.1 (−5.8, 13.9)
(n = 32)

−5.22 (−10.12, −0.32) (n = 133) −9.6 (−15.7, −3.5)
(n = 79)

−3.8 (−11.2, 3.5)
(n = 54)

CI, ratio active/placebo Low Dose 1.02 (0.62, 1.67)
(n = 6)

1.08 (0.94, 1.23) (n = 31) 1.10 (0.94, 1.27)
(n = 24)

1.07 (0.87, 1.31)
(n = 12)

Medium Dose 0.84 (0.57, 1.24)
(n = 10)

1.09 (0.96, 1.23) (n = 41) 1.09 (0.95, 1.27)
(n = 27)

1.24 (1.02, 1.50)
(n = 17)

High Dose 1.07 (0.74, 1.55)
(n = 14)

1.16 (1.04, 1.30) (n = 55) 1.25 (1.08, 1.45)
(n = 27)

1.35 (1.13, 1.62)
(n = 23)

Combined Dose 0.97 (0.69, 1.38)
(n = 30)

1.11 (1.01, 1.22) (n = 127) 1.14 (1.01, 1.29) (n = 76) 1.21 (1.03, 1.43)
(n = 52)

CI cardiac index, HPAH heritable pulmonary arterial hypertension, IPAH idiopathic pulmonary arterial hypertension, mPAP mean pulmonary artery pressure, PVRI
pulmonary vascular resistance index
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Fig. 1 Changes from baseline at week 16 in a) PVRI, b) mPAP, and c) CI in DS versus non-DS patients. Treatment comparisons for pulmonary vascular
resistance and cardiac index are in the form of ratios as the analyses were conducted on log transformed data. A log transformation of the week-16
data was used to achieve a normal distribution of the data. Log baseline value was included as a covariate in the analysis. DS = Down syndrome;
PBO = placebo; CI = cardiac index; mPAP = mean pulmonary artery pressure; PVRI = pulmonary vascular resistance index; SIL = sildenafil
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reported for the entire STARTS-1 population [13]. Most
AEs were of mild or moderate intensity.
Limitations of this study include a small sample size

and the inability to analyze the primary efficacy outcome
of pVO2 in the DS cohort. Another potential limitation
is the difference in the baseline characteristics between
the DS and non-DS groups. An imbalance in etiology
was observed with approximately 60% of the non-DS
patients having non-IPAH/HPAH, whereas approximately

90% of the DS patients having non-IPAH/HPAH. The
STARTS-1 study inclusion criteria did not specifically ask
for a complete evaluation of DS and its pulmonary abnor-
malities. OSA and upper airway obstruction were not
completely ruled out in DS patients from the STARTS-1
study; these lung problems may have contributed to the
lack of sildenafil response. Recent studies also have
identified histologic evidence of alveolar simplification,
prominent bronchial vessels, intrapulmonary broncho-
pulmonary anastomoses, and impaired lung vascular
growth and signaling, which may increase the risk of
PAH and potentially explain limited effect of sildenafil
[31, 32]. In addition, due to the inherent limitations of
post-hoc analyses, the results of this study should be
regarded as hypothesis generating.

Conclusions
Sildenafil monotherapy treatment for 16 weeks had no
significant effect on PVRI or mPAP in children with DS
and PAH. Further studies are required to address and
confirm these results and better evaluate whether dosing
and/or respiratory screenings to exclude other potential
etiologies of PH may affect sildenafil efficacy.

Table 4 Treatment comparisons to placebo for PVRI, mPAP, and CI in the non-IPAH/HPAH Down syndrome and non-Down
syndrome populations

Parameter Treatment
Group

Comparison to Placebo (95% CI)

Down Syndrome All Non–Down Syndrome

PVRI, ratio active/placebo Low Dose 1.01 (0.59, 1.71)
(n = 6)

0.98 (0.74, 1.29)
(n = 20)

Medium Dose 0.80 (0.51, 1.27)
(n = 9)

0.87 (0.67, 1.14)
(n = 24)

High Dose 1.08 (0.71, 1.64)
(n = 13)

0.62 (0.49, 0.80)
(n = 31)

Combined Dose 0.95 (0.65, 1.41)
(n = 28)

0.81 (0.65, 1.00)
(n = 75)

mPAP, difference from placebo, mmHg Low Dose 10.87 (−3.21, 24.94)
(n = 6)

−1.90 (−10.48, 6.67)
(n = 21)

Medium Dose −4.44 (−16.34, 7.47)
(n = 11)

−4.82 (−13.01, 3.36)
(n = 25)

High Dose 0.48 (−10.98, 11.95)
(n = 13)

−11.41 (−19.07, −3.75)
(n = 33)

Combined Dose 2.30 (−7.79, 12.40)
(n = 30)

−6.04 (−12.68, 0.59)
(n = 79)

CI, ratio active/placebo Low Dose 1.01 (0.61, 1.70)
(n = 6)

1.11 (0.94, 1.32)
(n = 19)

Medium Dose 0.82 (0.54, 1.24)
(n = 9)

1.02 (0.87, 1.20)
(n = 24)

High Dose 1.07 (0.72, 1.58)
(n = 13)

1.08 (0.93, 1.26)
(n = 32)

Combined Dose 0.96 (0.67, 1.39)
(n = 28)

1.07 (0.94, 1.22)
(n = 75)

CI cardiac index, HPAH heritable pulmonary arterial hypertension, IPAH idiopathic pulmonary arterial hypertension, mPAP mean pulmonary artery pressure, PAH-
CHD pulmonary arterial hypertension associated with congenital heart defects, PVRI pulmonary vascular resistance index

Table 5 Adverse events by treatment group occurring in ≥2
patients with Down syndrome

Sildenafil Dose

Adverse Event, n (%) Placebo
(n = 12)

Low
(n = 7)

Medium
(n = 12)

High
(n = 17)

Conjunctivitis 1 (8) 0 0 2 (12)

Diarrhea 2 (17) 1 (14) 1 (8) 4 (24)

Vomiting 0 1 (14) 1 (8) 3 (18)

Pharyngitis 0 1 (14) 2 (17) 0

Upper respiratory tract infection 1 (8) 2 (29) 3 (25) 0

Pneumonia, bacterial 2 (17) 0 0 0

Headache 1 (8) 1 (14) 1 (8) 2 (12)

Includes data up to 7 days after last dose of sildenafil
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Additional file 1: List of investigators and corresponding ethics
committees or institutional review boards. (PDF 123 kb)

Abbreviations
6MWD: 6-min walk distance; ANCOVA: analysis of covariance; CI: cardiac
index; CPET: cardiopulmonary exercise testing; DS: Down syndrome;
HPAH: heritable PAH; IPAH: idiopathic PAH; mPAP: mean pulmonary arterial
pressure; OSA: obstructive sleep apnea; PAH: pulmonary arterial
hypertension; PAH-CHD: PAH associated with congenital heart defects;
PH: pulmonary hypertension; pVO2: peak venous oxygen saturation;
PVRI: pulmonary vascular resistance index; STARTS-1: Sildenafil in Treatment-
naive children, Aged 1–17 years, with pulmonary arterial hypertension trial

Acknowledgments
The authors would like to thank Dr. Dunbar Ivy for his contributions and
advice to the study. Editorial support was provided by Richard Edwards, PhD,
and Janet E. Matsuura, PhD, from Complete Healthcare Communications,
LLC. and was funded by Pfizer Inc.

Funding
The study was sponsored by Pfizer Inc.

Availability of data and materials
The data supporting the conclusions of this article are included within the article.
Pfizer’s policies on the provision of clinical trial data are available on Pfizer’s
website (http://www.pfizer.com/research/clinical_trials/
trial_data_and_results). In addition to posting clinical trial results on the
clinicaltrials.gov registry, Pfizer provides secure access to anonymized
patient-level data to qualified researchers in response to scientifically valid
research proposals. Further detail can be found at http://www.pfizer.com/
research/clinical_trials/trial_data_and_results/data_requests.
Pfizer’s practices adhere to the principles for responsible data sharing laid
out by the European Federation of Pharmaceutical Industries and
Associations (EFPIA) and the Pharmaceutical Research and Manufacturers of
America (PhRMA) (http://phrma.org/sites/default/files/pdf/
PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf).

Authors’ contributions
MB, AR, and MZ made substantive intellectual contributions to the article that
comply with ICJME criteria for authorship. MB contributed to study conception and
design. AR contributed to data acquisition. MZ contributed to study conception
and design and statistical analysis. All authors made substantial contributions to the
conception and design of the article, interpretation of the data, drafting or critically
revising the manuscript, and have approved the final version.

Competing interests
Dr. Maurice Beghetti has served as a consultant and/or advisory board member
for Actelion, Bayer, Eli Lilly, GlaxoSmithKline, Novartis, and Pfizer and has
received investigator-initiated research funding from Actelion and Bayer.
Dr. Andrzej Rudzinski declares no conflicts.
Min Zhang is a Pfizer employee and holds shares of Pfizer stock.
Sildenafil used in this study was supplied by Pfizer.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The START-1 trial was conducted in compliance with the ethical principles
originating in or derived from the Declaration of Helsinki and in compliance
with all International Conference on Harmonization Good Clinical Practice
Guidelines. The study protocol and amendments were reviewed and
approved by the Institutional Review Board (IRB) and/or Independent Ethics
Committee at each participating center (listed in Additional file 1); informed
consent was obtained from parents and/or legal guardians for all patients.
All local regulatory requirements were followed, in particular, those affording
greater protection to the safety of study participants. This subgroup analysis
is within the scope of the objective of the STARTS-1 trial and therefore no
additional IRB approval and consent are needed.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Pediatric Cardiology Unit, Department of Child and Adolescent, University of
Geneva, Geneva, Switzerland. 2Pediatric Cardiology, Jagiellonian University,
Gołębia 24, 31-007 Cracow, Poland. 3Pfizer Inc, 10646 Science Center Dr, La
Jolla, San Diego, CA 92121, USA.

Received: 8 December 2016 Accepted: 15 May 2017

References
1. Occurrence of Down syndrome. Centers for Disease Control and Prevention.

2014. Available at: http://www.cdc.gov/ncbddd/birthdefects/downsyndrome/
data.html. Accessed 23 May 2017.

2. Weijerman ME, van Furth AM, van der Mooren MD, van Weissenbruch MM,
Rammeloo L, Broers CJ, et al. Prevalence of congenital heart defects and
persistent pulmonary hypertension of the neonate with down syndrome.
Eur J Pediatr. 2010;169:1195–9.

3. Hawkins A, Langton-Hewer S, Henderson J, Tulloh RM. Management of
pulmonary hypertension in down syndrome. Eur J Pediatr. 2011;170:915–21.

4. Espinola-Zavaleta N, Soto ME, Romero-Gonzalez A, Gomez-Puente Ldel C,
Munoz-Castellanos L, Gopal AS, et al. Prevalence of congenital heart disease
and pulmonary hypertension in Down's syndrome: an Echocardiographic
study. J Cardiovasc Ultrasound. 2015;23:72–7.

5. Mulder BJ. Changing demographics of pulmonary arterial hypertension in
congenital heart disease. Eur Respir Rev. 2010;19:308–13.

6. Shott SR, Amin R, Chini B, Heubi C, Hotze S, Akers R. Obstructive sleep
apnea: should all children with down syndrome be tested? Arch
Otolaryngol Head Neck Surg. 2006;132:432–6.

7. Trois MS, Capone GT, Lutz JA, Melendres MC, Schwartz AR, Collop NA, et al.
Obstructive sleep apnea in adults with down syndrome. J Clin Sleep Med.
2009;5:317–23.

8. King P, Tulloh R. Management of pulmonary hypertension and down
syndrome. Int J Clin Pract Suppl. 2011;174:8–13.

9. Cua CL, Rogers LK, Chicoine LG, Augustine M, Jin Y, Nash PL, et al. Down
syndrome patients with pulmonary hypertension have elevated plasma
levels of asymmetric dimethylarginine. Eur J Pediatr. 2011;170:859–63.

10. Fukushima H, Kosaki K, Sato R, Yagihashi T, Gatayama R, Kodo K, et al.
Mechanisms underlying early development of pulmonary vascular
obstructive disease in down syndrome: an imbalance in biosynthesis of
thromboxane A2 and prostacyclin. Am J Med Genet A. 2010;152A:1919–24.

11. Saji T. Clinical characteristics of pulmonary arterial hypertension associated
with down syndrome. Pediatr Int. 2014;56:297–303.

12. McLaughlin VV, Archer SL, Badesch DB, Barst RJ, Farber HW, Lindner JR, et al.
ACCF/AHA 2009 expert consensus document on pulmonary hypertension a
report of the American College of Cardiology Foundation task force on
expert consensus documents and the American Heart Association
developed in collaboration with the American College of Chest Physicians;
American Thoracic Society, inc.; and the Pulmonary Hypertension
Association. J Am Coll Cardiol. 2009;53:1573–619.

13. Barst RJ, Richardson H, Konourina I. On behalf of the 1131 study group. Oral
sildenafil treatment in children with pulmonary arterial hypertension (PAH):
results of a double-blind, placebo-controlled, dose-ranging study [abstract
#164]. Eur Resp J. 2009;34:S3–4.

14. Vis JC, Thoonsen H, Duffels MG, de Bruin-Bon RA, Huisman SA, van Dijk AP,
et al. Six-minute walk test in patients with down syndrome: validity and
reproducibility. Arch Phys Med Rehabil. 2009;90:1423–7.

15. Kermeen FD, Franks C, O'Brien K, Seale H, Hall K, McNeil K, et al. Endothelin
receptor antagonists are an effective long term treatment option in
pulmonary arterial hypertension associated with congenital heart disease
with or without trisomy 21. Heart Lung Circ. 2010;19:595–600.

16. Duffels MG, Vis JC, van Loon RL, Berger RM, Hoendermis ES, van Dijk AP,
et al. Down patients with Eisenmenger syndrome: is bosentan treatment an
option? Int J Cardiol. 2009;134:378–83.

17. Crepaz R, Romeo C, Montanaro D, De Santis S. Long-term results of
treatment with bosentan in adult Eisenmenger's syndrome patients with
Down's syndrome related to congenital heart disease. BMC Cardiovasc
Disord. 2013;13:74.

Beghetti et al. BMC Cardiovascular Disorders  (2017) 17:177 Page 8 of 9

dx.doi.org/10.1186/s12872-017-0569-3
http://www.pfizer.com/research/clinical_trials/trial_data_and_results
http://www.pfizer.com/research/clinical_trials/trial_data_and_results
http://clinicaltrials.gov
http://www.pfizer.com/research/clinical_trials/trial_data_and_results/data_requests
http://www.pfizer.com/research/clinical_trials/trial_data_and_results/data_requests
http://phrma.org/sites/default/files/pdf/PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf
http://phrma.org/sites/default/files/pdf/PhRMAPrinciplesForResponsibleClinicalTrialDataSharing.pdf
http://www.cdc.gov/ncbddd/birthdefects/downsyndrome/data.html
http://www.cdc.gov/ncbddd/birthdefects/downsyndrome/data.html


18. Duffels MG, Vis JC, van Loon RL, Nieuwkerk PT, van Dijk AP, Hoendermis ES,
et al. Effect of bosentan on exercise capacity and quality of life in adults with
pulmonary arterial hypertension associated with congenital heart disease with
and without Down's syndrome. Am J Cardiol. 2009;103:1309–15.

19. Eipe N, Lai L, Doherty DR. Severe pulmonary hypertension and
adenotonsillectomy in a child with Trisomy-21 and obstructive sleep apnea.
Paediatr Anaesth. 2009;19:548–9.

20. de Miguel-Diez J, Villa-Asensi JR, Alvarez-Sala JL. Prevalence of sleep-
disordered breathing in children with down syndrome: polygraphic findings
in 108 children. Sleep. 2003;26:1006–9.

21. Marcus CL, Keens TG, Bautista DB, von Pechmann WS, Ward SL. Obstructive
sleep apnea in children with down syndrome. Pediatrics. 1991;88:132–9.

22. Redline S, Tishler PV, Schluchter M, Aylor J, Clark K, Graham G. Risk factors
for sleep-disordered breathing in children. Associations with obesity, race,
and respiratory problems. Am J Respir Crit Care Med. 1999;159:1527–32.

23. Stebbens VA, Dennis J, Samuels MP, Croft CB, Southall DP. Sleep related
upper airway obstruction in a cohort with Down's syndrome. Arch Dis
Child. 1991;66:1333–8.

24. Roizenblatt S, Guilleminault C, Poyares D, Cintra F, Kauati A, Tufik S. A
double-blind, placebo-controlled, crossover study of sildenafil in obstructive
sleep apnea. Arch Intern Med. 2006;166:1763–7.

25. Cappelli-Bigazzi M, Santoro G, Battaglia C, Palladino MT, Carrozza M, Russo
MG, et al. Endothelial cell function in patients with Down's syndrome. Am J
Cardiol. 2004;94:392–5.

26. Cannon BC, Feltes TF, Fraley JK, Grifka RG, Riddle EM, Kovalchin JP. Nitric
oxide in the evaluation of congenital heart disease with pulmonary
hypertension: factors related to nitric oxide response. Pediatr Cardiol. 2005;
26:565–9.

27. Werner N, Kosiol S, Schiegl T, Ahlers P, Walenta K, Link A, et al. Circulating
endothelial progenitor cells and cardiovascular outcomes. N Engl J Med.
2005;353:999–1007.

28. Costa V, Sommese L, Casamassimi A, Colicchio R, Angelini C, Marchesano V,
et al. Impairment of circulating endothelial progenitors in down syndrome.
BMC Med Genet. 2010;3:40.

29. Diller GP, van Eijl S, Okonko DO, Howard LS, Ali O, Thum T, et al. Circulating
endothelial progenitor cells in patients with Eisenmenger syndrome and
idiopathic pulmonary arterial hypertension. Circulation. 2008;117:3020–30.

30. Bialkowski A, Moenkemeyer F, Patel N. Intravenous sildenafil in the
management of pulmonary hypertension associated with congenital
diaphragmatic hernia. Eur J Pediatr Surg. 2015;25:171–6.

31. Bush D, Abman SH, Galambos C. Prominent intrapulmonary
bronchopulmonary anastomoses and abnormal lung development in
infants and children with Down Syndrome. J Pediatr. 2017;180:156–62.

32. Galambos C, Minic AD, Bush D, et al. Increased lung expression of anti-
angiogenic factors in down syndrome: potential role in abnormal lung
vascular growth and the risk for pulmonary hypertension. PLoS One. 2016;
11:e0159005.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Beghetti et al. BMC Cardiovascular Disorders  (2017) 17:177 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

