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Maternal sildenafil for severe fetal growth restriction
(STRIDER): a multicentre, randomised, placebo-controlled,

double-blind trial

Andrew Sharp, Christine Cornforth, Richard Jackson, Jane Harrold, Mark A Turner, Louise C Kenny, Philip N Baker, Edward D Johnstone,
Asma Khalil, Peter von Dadelszon, Aris T Papageorghiou, Zarko Alfirevic, on behalf of the STRIDER group

Summary

Background Severe early-onset fetal growth restriction can lead to a range of adverse outcomes including fetal or
neonatal death, neurodisability, and lifelong risks to the health of the affected child. Sildenafil, a phosphodiesterase
type 5 inhibitor, potentiates the actions of nitric oxide, which leads to vasodilatation of the uterine vessels and might
improve fetal growth in utero.

Methods We did this superiority, placebo-controlled randomised trial in 19 fetal medicine units in the UK. We used
random computer allocation (1:1) to assign women with singleton pregnancies between 22 weeks and 0 days’ gestation
and 29 weeks and 6 days’ gestation and severe early-onset fetal growth restriction to receive either sildenafil 25 mg
three times daily or placebo until 32 weeks and 0 days’ gestation or delivery. We stratified women by site and by their
gestational age at randomisation (before week 26 and 0 days or at week 26 and 0 days or later). We defined fetal growth
restriction as a combination of estimated fetal weight or abdominal circumference below tenth percentile and absent
or reversed end-diastolic blood flow in the umbilical artery on Doppler velocimetry. The primary outcome was the time
from randomisation to delivery, measured in days. This study is registered with BioMed Central, number ISRCTN
39133303.

Findings Between Nov 21, 2014, and July 6, 2016, we recruited 135 women and randomly assigned 70 women to sildenafil
and 65 women to placebo. We found no difference in the median randomisation to delivery interval between women
assigned to sildenafil (17 days [IQR 7-24]) and women assigned to placebo (18 days [8-28]; p=0-23). Livebirths (relative
risk [RR] 1-06, 95% CI 0-84 to 1-33; p=0-62), fetal deaths (0-89, 0-54 to 1-45; p=0-64), neonatal deaths (1-33, 0-54 to
3-28; p=0-53), and birthweight (-14 g,~100 to 126; p=0- 81) did not differ between groups. No differences were found for
any other secondary outcomes. Eight serious adverse events were reported during the course of the study (six in the
placebo group and two in the sildenafil group); none of these were attributed to sildenafil.

Interpretation Sildenafil did not prolong pregnancy or improve pregnancy outcomes in severe early-onset fetal growth
restriction and therefore it should not be prescribed for this indication outside of research studies with explicit
participants’ consent.

Funding National Institute for Health Research and Medical Research Council.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-
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Introduction In normal pregnancy, trophoblasts invade and remodel

Severe early-onset fetal growth restriction and subsequent
preterm Dbirth are associated with a range of adverse
pregnancy outcomes including fetal and neonatal death,”
necrotising enterocolitis,’ respiratory complications,’
neurodisability,*” and lifelong risks to the health of the
affected child, such as obesity and hypertensive disease.*™
No effective treatment for fetal growth restriction is
available and the mainstay of management is intensive
surveillance to optimise the timing of delivery." In a similar
patient group at the threshold of viability, it has been
suggested that the overall survival increases by 2% for each
extra day in utero? Delaying delivery, however, might
increase the risk of long-term adverse outcomes because of
prolonged exposure to a hostile uterine environment.

maternal spiral arteries resulting in a low-resistance,
high-flow placental bed circulation.” Failure of this
remodelling process is a predominant feature of fetal
growth restriction.®" Retention of vasoactive smooth
muscle cells within spiral arteries promotes placental
under-perfusion and hypoxia-reperfusion injury.”
Placental perfusion is enhanced by nitric oxide (NO),
which promotes vasodilatation of maternal vessels. The
NO second messenger ¢cGMP is degraded by the
phosphodiesterase enzyme class. Sildenafil citrate is an
inhibitor of phosphodiesterase type 5 (PDE-5), the
predominant PDE type found in the reproductive tract.”
Sildenafil has shown promise in cohort studies and
randomised studies of fetal growth restriction,”
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For more on GONet see http://
www.globalobstetricsnetwork.
org/

For the protocol see https://doi.
0rg/10.1186/2046-4053-3-23

Research in context

Evidence before this study

When we designed this study, antenatal treatment was not
available for early-onset fetal growth restriction due to
placental insufficiency. To date, management strategies involve
only intensive fetal surveillance with elective delivery, done
when presumed fetal acidosis or distress is evident. We
hypothesised that sildenafil has the potential to increase
utero-placental perfusion, resulting in improved fetal growth
and wellbeing. Our previous animal and in-vitro human studies
supported this concept. Our interest in the use of sildenafil for
the treatment of placental ischaemic conditions first led to a
small randomised controlled trial (RCT) in women with
early-onset pre-eclampsia. Although pre-eclampsia did not
improve, we observed an increase in the median birthweight in
the sildenafil-treated group. Patients could be offered
innovative therapy through formal information sharing and
consenting process within the British Columbia Provincial
Health Services Authority. In this setting, sildenafil treatment
was included in the management of a series of ten women with
severe early-onset intrauterine growth restriction and
compared with 17 women who fulfilled the treatment criteria,
but either declined or were not offered sildenafil. Women
treated with sildenafil had fetuses with increased fetal
abdominal circumference growth velocity after treatment, and
these fetuses tended to be more frequently liveborn and able to
survive intact to primary hospital discharge. Similar
improvements in fetal blood flow have been observed in

pre-eclampsia,”” in animal models,”” and in ex-vivo
human tissue.”

Global interest in sildenafil as a potential treatment for
fetal growth restriction has led to several coordinated
national studies that are embedded in the Global
Obstetric Network (GONet). This initiative includes
harmonised data collection and a commitment to a
prospective individual patient data meta-analysis.” In
this study, we aimed to report the results of the first study
from this initiative—a randomised trial hypothesising
that sildenafil can delay the birth of the severely growth-
restricted fetus by at least 1 week by increasing blood
flow to the placental bed with subsequent improvement
in fetal growth and wellbeing in utero.

Methods

Study design and participants

The study was designed as a randomised controlled trial
with sildenafil, or the placebo equivalent, prescribed at a
dose of 25 mg three times per day. This dosage regime
was based on previous studies™* by the collaborators on
this project. We recruited participants from 19 fetal
medicine units in the UK. All women had a singleton
pregnancy between 22 weeks and 0 days’ gestation and
29 weeks and 6 days’ gestation with a diagnosis of fetal
growth restriction and had agreed to expectant

another small RCT of fetal growth restriction fetuses. On the
basis of this evidence, an international collaboration (STRIDER)
was established with the aim to evaluate the effectiveness and
safety of sildenafil for fetal growth restriction in a prospective
individual patient data meta-analysis from a series of national
RCTs using similar protocols and a common dataset.

Added value of this study

To our knowledge, this is the first RCT of sildenafil for severe,
early-onset fetal growth restriction from the international
STRIDER collaboration. Our study shows no evidence of
beneficial effects in terms of prolongation of pregnancy,
neonatal survival, morbidity, or feto-placental perfusion.
Long-term benefits or harm for children cannot be excluded
at this stage and are being investigated with long-term
follow-up of survivors and planned prospective individual
patient data meta-analysis.

Implications of all the available evidence

Contrary to some smaller studies that suggest possible
improvement in utero-placental perfusion in fetal growth
restriction pregnancies with sildenafil, our study showed no
such effect and no indication of efficacy. Therefore, clinicians
worldwide should stop prescribing sildenafil for this
indication outside of research studies with explicit
participants’ consent. Studies should include long-term
follow-up assessments of surviving children.

management. For the purposes of the study, we defined
fetal growth restriction as a fetus with abdominal
circumference or estimated fetal weight below the tenth
percentile using local charts and absent or reversed end-
diastolic flow in the umbilical artery on Doppler
velocimetry. We excluded women from the study if they
were younger than 16 years old, had a known
contraindication or allergy to sildenafil, had known or
suspected significant chromosomal or structural
anomaly, reported current cocaine use, or had a
condition which was likely to require delivery within
72 h (such as severe pre-eclampsia).

Ethical approval was given by the North East Research
Ethics Committee (14/NE/0011) in the UK. Each par-
ticipating site provided a site-specific approval and all
participants  provided written informed consent.
An Independent Safety Data Monitoring Committee
(ISDMC) was established to review the safety and efficacy
data. The protocol was first registered on July 31, 2014,
4 months before the first patient was recruited (number
ISRCTN 39133303).

Randomisation and masking

We used a web-based application to allocate treatment
(1:1) with randomisation stratified by site and gestation
(<26 weeks and 0 days and =26 weeks and 0 days).
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| 149 women screened |

—>| 14 declined participation |

v

| 135 randomly assigned |

|
v v

| 70 assigned sildenafil |

v v

| 70 included in primary analysis

| 65 assigned placebo |

| 65 included in primary analysis

Figure 1: Trial profile

Gestational age was confirmed by first trimester
ultrasound and, in each case, the diagnosis of severe
early-onset fetal growth restriction was confirmed by a
fetal medicine expert having excluded fetal anatomical
abnormalities. In addition, a full history was taken,
measurements of maternal cardiovascular parameters
(pulse and blood pressure), fetal biometry, and Doppler
velocimetry were taken, and maternal venepuncture for
angiogenic biomarkers was carried out at randomisation.
Randomisation lists were pregenerated using randomly
permuted blocks of size two and four.

All participants had a further assessment of blood
pressure, pulse rate, and a blood sample taken 2 h after
receiving their first oral dose. Subsequently, women were
followed up within 3—4 days and at weekly intervals
thereafter, or earlier when clinically indicated. The rest of
clinical care was at the discretion of the local fetal
medicine experts and included regular ultrasound
assessment of growth and Doppler blood flow and
antenatal cardiotocography. The consensus was reached
that an expectant management is considered standard of
care and that, whenever possible, the fetal growth
restriction management would be consistent with the
TRUFFLE study protocol.”

Medication was overencapsulated (Sharp Clinical
Services, Crickhowell, UK) to ensure that patient,
clinicians, and pharmacists were masked to the study
drug. All participants received oral medication,
sildenafil 25 mg or placebo, three times a day.
Medication was dispensed in 10 day supplies with a new
supply being provided every week to ensure there was
no period when medication was missed. We used
pharmacy logs to monitor adherence. We stopped
treatment at 32 weeks and 0 days or delivery, whichever
came first. We advised women of potential side-effects
and their family physician was informed by letter of trial
participation.

We collected data on pregnancy outcome prospectively
from the clinical maternity notes and entered them on a
secure electronic database. We monitored data quality

Placebo group (n=65)

33 (28-36)
163 (158-166)
70 (60-82)
26 (23-31)

1(2%)
25.6 (24-1-27-4)
35 (54%)

45 (69%)
20 (31%)
4 (6%)

45/63 (78%)

436 (326-594)
36 (55%)

134-0 (120-5-144-5)
865 (78-0-94-5)

109 (38)

624 (27)
4-4.(0-5)

288.6 (14-7)
32:4(57)
32:4(07)

2335(9:5)

Sildenafil group (n=70)
Age (years) 29 (26-34)
Height (cm) 164(158—167)
Weight (kg) 68 (59-82)
Body-mass index 25(23-32)
Ethnicity

White 48 (69%)

Asian 6 (9%)

African 6 (9%)

Other 10 (14%)
Current smoker 12 (17%)
Non-smoker 58 (83%)
Nulliparous 35 (50%)
Pre-eclampsia 13 (19%)
Gestational hypertension 12 (17%)
Current antihypertensive treatment 25 (36%)
Gestational diabetes 2 (3%)
Antepartum haemorrhage 1(1%)

Preterm prelabour rupture of membrane 0

Gestation (weeks) 25-1(24-0-27-5)
Gestation <26 weeks and 0 days 40 (57%)
Umbilical artery Doppler

End-diastolic flow absent 46 (66%)

End-diastolic flow reversed 24 (34%)
Absent ductus venosus a-wave 4 (6%)

Uterine artery Doppler abnormal* 50/63 (79%)
Estimated fetal weight (g) 451 (352-613)
Estimated fetal weight <500 g 33 (47%)
Systolic blood pressure (mm Hg) 1355 (125-5-147-5)
Diastolic blood pressure (mm Hg) 88.5(80-5-95-5)
Mean arterial pressure (mm Hg) 103 (12)
Creatinine (mol/L) 57-4(1-9)
Urea (mmol/L) -0 (0-2)
Uric acid (mmol/L) 3006 (13-4)
Aspartate transaminase (U/L) 26-0(3-3)
Albumin (g/L) 31.8(07)
Platelets (x10°/L) 277-1(10-2)
Data are median (IQR), n (%), n/N (%), or mean (SD). *Pulsatility index of more than 1-45 or bilateral notching.
Table 1: Baseline characteristics

and protocol compliance regularly with both central and
on-site monitoring methods.

Outcome measures

The primary efficacy outcome was the time from
randomisation to delivery, measured in days. We chose
this outcome because any safe prolongation of
pregnancy is likely to be beneficial for the fetal growth-
restricted fetus, with a reported daily increase in
survival’ and both short-term neonatal adverse outcomes
and neurodisability being closely correlated with
gestation at birth.»"* We considered other strong
predictors of adverse outcomes in fetal growth-restricted
fetuses, which include abnormal blood flow in the
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Sildenafil group (n=70)  Placebo group (n=65) p value

Randomisation to delivery interval (days) 17 (7-24) 18 (8-28) 0-23
<26 weeks’ gestation 22 (14-29) 24 (16-33) 0-36
226 weeks’ gestation 10 (5-18) 14 (6-20) 034
Gestation (weeks) 28:1(26-7-297) 28-4(27-3-30-1) 0-28
<26 weeks’ gestation 26.9 (26-1-28-3) 276 (26:3-285) 055
226 weeks’ gestation 29.7 (283-30-7) 29.6 (28-4-30-9) 041
Data are median (IQR).
Table 2: Primary outcome according to treatment
<26 weeks gestational age
100+ — Placebo
—— Sildenafil
80
R 60
£
%
£ 40-
20
HR 1-25 (95% C1 0-78-1-98), p=0-36
0 T T T T 1

12 24 36 48 60
Number at risk
(censored)
Placebo 35 (0) 29(0) 17(0) 7(0) 4(0) 0(0)
Sildenafil 40 (0) 31(0) 15(0) 5(0) 1(0) 1(0)
=26 weeks gestational age
100+
80
8 60—
=
E
)
£ a0
20—
o | HR1:29(95% C1077-219) p-035 — L
T T T 1
0 12 24 36 48
Number at risk Time (days)
(censored)
Placebo 30 (0) 17 (0) 6 (0) 2(0) 0(0)
Sildenafil 30 (0) 14 (0) 2(0) 0(0) 0(0)

Figure 2: Kaplan-Meier plot of interval from randomisation to birth

HR=hazard ratio.

umbilical artery and estimated fetal weight below third
percentile,” but a consensus was reached that, given the
severity of fetal growth restriction in our cohort, these
other parameters would be less responsive to any
potential beneficial effect of sildenafil.

Secondary outcomes included livebirths, fetal and
neonatal deaths, birthweight, neonatal morbidity (any
intraventricular haemorrhage, oxygen dependency at

28 days and 36 weeks corrected gestational age, necro-
tising enterocolitis, or retinopathy of prematurity), use of
surfactant, ventilator dependency, admission to neonatal
intensive care unit, time to newborn discharge, and
maternal side-effects.

To elucidate the mechanism of sildenafil action, we
planned to compare the changes between two randomised
groups in the uteroplacental and fetal circulation
assessed by Doppler ultrasound and in the concentrations
of angiogenic biomarkers; placental growth factor
(PIGF), vascular endothelial growth factor (VEGF),
soluble endoglin (SENG), and soluble fms-like tyrosine
kinase 1 (sFlt-1). Four vessels were examined serially with
Doppler ultrasound, umbilical artery, middle cerebral
artery, ductus venosus, and uterine artery, at least weekly
from randomisation until delivery. In addition to the
pulsatility index, umbilical artery end-diastolic flow,
ductus venosus a-wave and bilateral uterine artery
notching was recorded. We have defined an improvement
or deterioration as a significant change in the Doppler
findings between visits. For umbilical artery, the
abnormal findings were raised pulsatility index, absent
end-diastolic flow, or reversed end-diastolic flow; for
middle cerebral artery, pulsatility index was either normal
or low (<5th percentile); for ductus venosus a-wave was
either present, absent or reversed, and for uterine artery
Doppler findings were recorded as abnormal if mean
pulsatility index was more than 1-45 or if bilateral
notching was present.

We collected serum and plasma samples (=2 mlL)
serially for 2 weeks. A maximum of six samples were
taken during the antenatal period: immediately before
drug administration, 2 h after, and on days 3,7, 10, and 14,
in line with a standardised operating procedure. All
samples were analysed retrospectively and were not
revealed to the clinicians. We determined maternal serum
concentrations of sFlt-1 and PIGF (pg/mlL) using the
automated Elecsys electro-chemiluminescence immuno-
assay platform (Roche Cobas, Mannheim, Germany) and
used these concentrations to calculate sFlt-1:PIGF ratio.
Additional analysis of PIGF was done on baseline
(pretreatment) plasma samples using the Alere Triage
system (Alere, San Diego, CA, USA). We analysed
maternal serum concentraitons of VEGF (pg/mL) and
sEng (ng/mlL) using human Quantikine enzyme-linked
immunosorbent assays (R&D Systems, Minneapolis,
MN, USA).

Adverse events and adherence

We assessed and recorded adverse events and adherence
at weekly clinical visits from recruitment to delivery. We
encouraged participants to record any side-effects or
adverse events that would then be reviewed and docu-
mented during each clinical visit. We assessed adherence
weekly during clinical review and recorded any temporary
discontinuations in treatment. We considered adherence
to treatment to be good if the reported intake of tablets
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was 90% or more of the total expected to have been taken . .

N .. Sildenafil group Placebo group Relative risk (95% Cl)  p value
between randomisation and the date of the visit. (n=70) (n=65)
Statistical analysis Umbmfél artery Doppler
We derived the recruitment target from audits of outcomes All participants
of severe fetal growth restriction from four participating Improvement S/51(10%) 5147 (11%) 092(02810298) 089
hospitals in which potentially eligible pregnant women No change 25/51(49%) 25/47 (53%) 092(063t0136) 068
remained undelivered for a mean of 20 days (SD 11). To Deterioration 21/51 (41%) 17147 (36%) 114(069t0188) 061
confirm that sildenafil can prolong pregnancy by 7 days, <26 weeks'gestation
we needed to recruit a total of 104 women (a 5%, Improvement 4735 (11%) 3/28 (11%) 107(026t0438) 093
power 90%). Although we did not anticipate any loss to No change 16/35 (46%) 14/28 (50%) 091(055t01:53) 074
follow-up, we planned to recruit 112 women, which was Deterioration 15135 (43%) 11/28 (39%) 109(0-60to1.99) 078
later increased to 135 women in consultation with the 226 weeks' gestation
ISDMC to account for lower than expected livebirths Improvement 1/16 (6%) 2/19 (11%) 059 (0:06t0596)  0-66
(protocol was updated). Although the power for the No change 9/16 (56%) 9/19 (47%) 119(063t0226) 061
primary outcome increased to 94% (post-hoc calculation), Deterioration 6/16 (38%) 6/19 (32%) 119(048t02:97) 072
this increased sample size would still not have adequate Ductus venosus a-wave
power to detect clinically important differences for most All participants
secondary outcomes. Improvement 0 0 -

We defined participants’ groups for analysis on an No change 36/51 (71%) 38/42 (90%) 078(0-64t00:96)  0-019
intention-to-treat basis. We presented unadjusted Deterioration 15/51 (29%) 4/42 (10%) 309 (111t08:60)  0-019
estimates with Kaplan Meier estimates and analysed with <26 weeks' gestation
linear regression techniques, including the stratification Improvement 0 0
factor as a main effect. We reported the treatment effect as No change 21/35 (60%) 20/24 (83%) 072(0-52t01:00)  0-058
the mean difference between groups. We determined Deterioration 14/35 (40%) 424 (17%) 2:40(0-90t0 6-41)  0-058
statistical significance as p=0-05 or less. We included 226 weeks' gestation
women randomised before week 26 and 0 days and at Improvement . . . .
week 26 and 0 days or later in the subgroup analyses. No change 15/16 (94%) 18/18 (100%) 094 (0-83t01:06)  0-29

For continuous data, the analysis of secondary outcomes Deterioration 1/16 (6%) 0 . 029
matched the analysis for the primary outcome. We Middle cerebral artery
compared binary data across treatment groups using a All participants
X2 test or Fisher’s exact test as appropriate and reported Improvement 4/50 (8%) 2140 (5%) 160(0:31t0830) 058
using relative risk [RR] with 95% confidence intervals. We No change 33/50 (66%) 24/40 (60%) 110(0.80t0152) 056
analysed biomarker data (PIGF, sFlt-1, sENG, and Deterioration 13/50 (26%) 14/40 (35%) 074(040t0139) 036
sFIt-1:PIGF ratio) using repeated measures ANOVA <26 weeks' gestation
methodg Aincludir‘lg terms for time, treatment all_ocation, No change 1134 (3%) 1125 (4%) 074(005t0112) 074
and their interaction. Model resul.ts are presented in terms Improvement 23034 (68%) 16/25 (64%) 106(073t0154) 077
of means and 95% CIs. We dld.all analyses with the Deterioration 10/34 (29%) 8/25 (32%) 092(042t0199) 083
statistical software package, R (version 3.3.3). 126 weeks' gestation
Role of the funding source Improvement 3/16 (19%) 1/15 (7%) 2.81(0-33t024-16) 0-32

. . No change 10/16 (63%) 8/15 (53%) 117 (0-64 to 2-15) 0-61
The fupders of the stu.dy had no role in sjrudy de51g.n', data Deterioration 3116 (19%) 6115 (40%) 047 (01410155 020
collection, data analysis, data interpretation, or writing of Uteri bosnl
the report. RJ, CC, and ZA had full access to the data in terine artery Doppler
the study and the corresponding author had final No change 41/45 (91%) 36/42 (86%) 1.06(091t0124)  0-43
responsibility for the decision to submit for publication. Improvement 145 (2%) 3/42 (72) 031(003t02:88) 028

Deterioration 3/45 (7%) 3/42 (7%) 0-93 (0:19t0 4-38) 0-94

Results Abdominal circumference change (mm)
We recruited 135 women between Nov 21, 2014, and All participants 14(6-20); n=46 18(8-25)n=41  -45(-95t045) 0-45
July 6, 2016, from 19 fetal medicine units within the UK <26 weeks' gestation 14 (8-21); n=46 15(7-29); n=41 10(101t065) 067
(figure 1). 75 women were recruited before 26 weeks and =26 weeks'gestation 12 (4-17); n=46 19(14-2)in=41  70(-176t085) 048
0 days’ gestation and 60 women between 26 weeks (Table 3 continues on next page)

and 0 days’ gestation and 29 weeks and 6 days’ gestation.
We randomly assigned 70 women to sildenafil and

65 women to placebo. None of the women withdrew their Differences at baseline were not clinically important
consent nor were lost to follow-up; therefore, we did not between the sildenafil group and the placebo group for
do additional per-protocol analysis. ethnicity, age, body-mass index, parity, and pre-existing
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Sildenafil group Placebo group Relative risk (95% Cl)  p value
(n=70) (n=65)
(Continued from previous page)
Pre-eclampsia
All participants 15/70 (21%) 12/65 (18%) 116 (0-59t02-29)  0-67
<26 weeks’ gestation 8/40 (20%) 6/35 (17%) 1-17 (0-45t0 3-04) 0-75
226 weeks’ gestation 7/30 (23%) 6/30 (20%) 117 (0-44t03:06)  0-76
Antenatal corticosteroids
All participants 41/70 (59%) 37/65 (57%) 1-03 (0-77t0 1:37) 0-85
<26 weeks’ gestation 21/40 (53%) 17/35 (49%) 108 (0-69t0170) 074
226 weeks’ gestation 20/29 (69%)* 20/29 (69%)* 1-00 (0-71to0 1-41) 1.00
MgSO, for neuroprotection
All participants 40/70 (57%) 25/65 (38%) 149 (1-:03t0214)  0-031
<26 weeks’ gestation 20/40 (50%) 12/35 (34%) 146 (0-84t02:54) 017
226 weeks’ gestation 20/30 (67%) 13/29 (45%)* 149 (0-92t02:40)  0-094
Caesarean section
All participants 47170 (67%) 43/65 (66%) 1-01(0-80t0 1-29) 0-90
<26 weeks’ gestation 20/40 (50%) 15/35 (43%) 1-17 (0-71t0 1-91) 0-54
=26 weeks’ gestation 27/30 (90%) 28/30(93%) 0-96 (0-83t0 1-12) 0-64
Data are n/N (%), n (%), or median (IQR). MgSO,=magnesium sulphate. *One missing value.
Table 3: Antenatal course and management

See Online for appendix

pre-eclampsia, but more women self-reported smoking
in pregnancy in the sildenafil group than the placebo
group (table 1).

The median gestation at randomisation was 24-4 weeks
(IQR 24.0-27-5; table 1). At randomisation, reversed
Doppler umbilical artery end-diastolic flow was detected in
44 (33%) participants (table 1). The remaining participants
all had absent umbilical artery end-diastolic flow. The fetal
ductus venosus a-wave was absent or reversed in
eight (6%) participants (table 1). The estimated fetal weight
at randomisation was 445 g (IQR 344-608; table 1).
69 (51%) fetuses had an estimated fetal weight below 500 g
(table 1). Two babies were postnatally diagnosed with
Down'’s syndrome (one allocated to the placebo group and
the other to the sildenafil group) and two had confirmed
cytomegalovirus infection (one allocated to the placebo
group and the other to the sildenafil group); all four were
included in the intention-to-treat analysis.

The median time between randomisation and delivery
was 18 days (IQR 8-27) days: 17 days (7-24) in the
sildenafil group and 18 days (8-28) in the placebo group
(p=0-23; table 2, figure 2) and linear regression showed
time to delivery did not differ between the treatment
groups for all participants (27 days, 95% CI -1-3 to 6-8;
p=0-19; figure 2).

Of the 135 participants, 98 (73%) women had at least
two separate umbilical artery Doppler measurements
a minimum of 48 h apart: 93 (69%) for ductus venosus,
90 (67%) for middle cerebral artery, and 87 (64%) for
uterine arteries (table 3). Ductus venosus a-wave
deteriorated over time in more women treated with
sildenafil than with placebo (table 3). 18 (95%) of
19 babies in whom ductus venosus deteriorated were

randomly assigned before 26 weeks™ gestation (table 3).
Between-group differences were not observed in the
pattern of Doppler changes in uterine arteries or the
other two examined fetal vessels (umbilical artery and
middle cerebral artery; table 3).

The exposure to antenatal corticosteroids and
magnesium sulphate given for neuroprotection was
similar in both groups (table 3). Caesarean sections did not
differ between the two groups (table 3), with 98% (90 of 92)
of all livebirths delivered by caesarean section (table 4).

Livebirth rates and neonatal deaths did not differ
between treatment groups (table 4). 43 (72%) of the
60 deaths occurred in utero and 48 (80%) deaths occurred
in the subgroup randomly assigned before 26 weeks
(table 4). Differences were not clinically significant
between groups for any other prespecified secondary
outcomes (table 4).

Eight serious adverse events were reported during the
course of the study; none of these were attributed to
sildenafil. Three (38%) were maternal hospital
admissions in the placebo group; one for antepartum
haemorrhage, one for being generally unwell, dizzy, and
light-headed, and one following a stillbirth with
drowsiness. Two neonatal severe adverse events were
reported in the sildenafil group; the baby with Down’s
syndrome had an atrioventricular septal defect and fetal
intracranial haemorrhage grade 1 detected on antenatal
research MRI done in the context of a separate research
study. In the placebo group, three severe adverse events
were reported; one baby had Down’s syndrome, a fetal
intracranial haemorrhage was reported, and one baby
had bone fractures that were postnatally attributed to
osteopenia or metabolic bone disease (data not shown).

Overall, 42 women reported 94 side-effects: 24 (34%) in
the sildenafil group and 18 (28%) in the placebo group
(RR 1-24, 95% CI 0-74-2-06; p=0-41). Most side-effects
were reported as facial flushing (45 [48%] of 94), and
others included nasal congestion, dry mouth, and
headaches (appendix).

Good adherence was reported; of the 265 recorded
cycles of therapy, 257 (97%) reported that drug adherence
was at least 90%. At a participant level, 130 (96%) of the
135 participants had study drug compliance of at least
90% for all cycles of therapy (data not shown).

Angiogenic biomarker data did not change either over
time or because of the administration of sildenafil
(appendix). VEGF concentrations were found to be below
the lowest assay standard (30 pg/mL) in all cases and
were therefore not included in the analysis.

Discussion

Sildenafil did not result in prolongation of pregnancy
when administered to pregnant women with a severely
growth-restricted fetus. No clinically important
differences in mortality or short-term neonatal morbidity
occurred between the two groups, although the trial was
not adequately powered for these secondary outcomes.
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Sildenafil group (n=70) Placebo group (n=65) Relative risk (95% ClI) p value
Livebirths 49 (70%) 43 (66%) 1.06 (0-84 t0 1-33) 0-62
<26 weeks’ gestation 22 (31%) 15 (23%) 128 (0-80t0 2-06) 0-31
226 weeks’ gestation 27 (39%) 28 (43%) 0-96 (0-83t0 112) 0-59
Fetal death 21(30%) 22 (34%) 0-89 (0-54 to 1-45) 0-64
<26 weeks’ gestation 18 (26%) 20 (31%) 079 (0-50t0 1-23) 0-31
226 weeks’ gestation 3 (4%) 2 (3%) 1.50 (0-27 to 8-34) 0-64
Neonatal death 10 (14%) 7 (11%) 133 (0-54t03-28) 0-53
<26 weeks’ gestation 6 (9%) 4 (6%) 1-31(0-40to 4-28) 0-65
226 weeks’ gestation 4(6%) 3 (5%) 1-33(0-33 to 5-45) 0-69
Neonatal morbidity 37/49 (76%) 28/43 (65%) 1-23(0-86 t0 1.75) 025
<26 weeks’ gestation 20/22 (91%) 13/15 (87%) 1-35(0-79t0 2:29) 0-27
226 weeks’ gestation 17/27 (63%) 15/28 (54%) 1-13 (0-70t0 1-82) 0-62
Infants with composite perinatal adverse outcome 58 (83%) 50 (77%) 1-08 (0-91t0 1-28) 038
(perinatal death or neonatal morbidity)
<26 weeks’ gestation 37/40 (93%) 33/35 (94%) 0-98 (0-87to0 1-11) 0-74
=26 weeks’ gestation 21/30 (70%) 17/30 (57%) 1-24 (0-84t0 1-83) 0-28
Birthweight (g) 604 (496-766) 590 (430-842) -14(-100t0 126) 0-81
<26 weeks’ gestation 520 (355-602) 450 (356-579) -70 (-123t0 40) 0-32
226 weeks' gestation 750 (663-1073) 856 (611-1015) 106 (-129 to 236) 0-25
Infants admitted to NICU 47149 (96%) 38/43 (88%) 1.09 (0-96 to 1-23) 0-17
<26 weeks’ gestation 21/22 (95%) 14/15 (93%) 1.02 (0-87t0 1-20) 0-81
226 weeks’ gestation 26/27 (96%) 24/28 (86%) 112 (0-95t0 1-33) 019
Days on NICU 25 (10-50) 16 (8-55) -9 (-18t012) 024
<26 weeks' gestation 25 (12-58) 39 (12-57) 15(-17to 31) 0-24
=26 weeks' gestation 25 (10-46) 15 (7-35) -11(-28to 11) 0-29
Age at NICU discharge (days) 79 (50-106) 73 (51-100) -6 (24 to 11) 0-50
<26 weeks' gestation 97 (73-109) 87 (74-112) 10 (-32t0 27) 0-48
226 weeks' gestation 59 (46-84) 63 (46-94) 4 (-24t0 16) 073
Oxygen dependency at 28 days 23/49 (47%) 14/43 (33%) 144 (0-85t02:43) 0-17
<26 weeks’ gestation 12/22 (55%) 6/15 (40%) 136 (0-66 t0 2-82) 041
226 weeks' gestation 11/27 (41%) 8/28 (29%) 143 (0-68t02:99) 0-34
Oxygen dependency at 36 weeks 10/49 (20%) 7143 (16%) 125 (0-52 to 3-01) 0-62
<26 weeks' gestation 6/22 (27%) 2/15 (13%) 2.05 (0-48 to 8-80) 0-33
226 weeks' gestation 4/27 (15%) 5/28 (18%) 0-83 (0-25t0 2-77) 0-76
Necrotising enterocolitis 8/49 (16%) 12/43 (28%) 0-59 (0-26 to 1:30) 0-20
<26 weeks' gestation 5/22 (23%) 5/15 (33%) 0-68 (0-24t0 1-95) 0-47
226 weeks' gestation 3/27 (11%) 7/28 (25%) 0-44 (013 to 1-54) 019
Retinopathy of prematurity 6/49 (12%) 10/43 (23%) 0-54 (0-21t0 1-36) 0-20
<26 weeks' gestation 3/22 (14%) 4/15 (27%) 0-54 (0-14 to 2-05) 0-37
226 weeks' gestation 3/27 (11%) 6/28 (21%) 0-52(0-14t0 1-87) 032
Any intracranial haemorrhage 13/39 (33%) 8/33 (24%) 137 (0-65t0 2:91) 041
<26 weeks' gestation 6/19 (32%) 4/12 (33%) 0-95 (0-34t02:68) 0.92
226 weeks' gestation 7/20 (35%) 4/21 (19%) 1-84 (0-63t05:33) 0-26
Surfactant used 37/49 (76%) 25/43 (58%) 130 (0-96 to 1.75) 0-078
<26 weeks' gestation 19/22 (86%) 9/15 (60%) 1-44 (0-92 to 2-25) 0-11
226 weeks' gestation 18/27 (67%) 16/28 (57%) 117 (0-77 t0 1-77) 0-46
(Table 4 continues on next page)

We anticipated a beneficial effect on placental function
if sildenafil treatment was effective, as assessed by
uteroplacental and fetal Doppler studies and angiogenic
biomarkers, even in the absence of a clear benefit on
substantive clinical outcomes. The observed higher

proportion of babies in whom Doppler findings in ductus
venosus deteriorated with sildenafil treatment might have
been a chance finding, but is also potentially worrying,
particularly if linked to the slightly shorter randomisation
to delivery interval in this group. We found no such
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Sildenafil group (n=70) Placebo group (n=65) Relative risk (95% Cl) p value

(Continued from previous page)

Ventilator dependency 40/49 (82%) 28/43 (65%) 1-25(0-97t0 1-62) 0-073
<26 weeks' gestation 19/22 (86%) 12/15 (80%) 1-08 (0-80t0 1-46) 0-62
226 weeks’ gestation 21/27 (78%) 16/28 (57%) 1-36 (0-93t0 1-99) 011

Ventilator days 7 (2-21) 10 (3-27) -3(-12to7) 0-60
<26 weeks' gestation 12 (5-23) 12 (7-24) 0(-17to11) 1-00
226 weeks’ gestation 3(1-17) 6(3-29) -3(-16to 11) 0-66

Data are n (%), n/N (%), mean weighted difference (95% Cl), or as indicated. NICU=neonatal intensive care unit.

Table 4: Neonatal outcome according to treatment

adverse effect from sildenafil on the blood flow in uterine
arteries, umbilical artery, or middle cerebral artery.
Although we could not obtain two separate measurements
for all babies, in this placebo-controlled study, the Doppler
measurements were very unlikely to be systematically
biased. At present, we cannot offer a plausible
pathophysiological explanation for the possible adverse
effect of sildenafil on the fetal blood flow in our cohort.
Our findings are in contrast with animal and several
previously reported clinical studies.”?** The sildenafil
dose used in our study was based on the consensus from
researchers with most experience in clinical evaluation of
sildenafil in pregnancy at the time®” and a higher dose
could possibly have been more effective. A systematic
review* identified 16 studies of sildenafil in human
pregnancies, of which only four exceeded our daily dose of
75 mg in three divided doses. Three reports”™** of
improved uteroplacental perfusion in fetal growth
restriction pregnancies used a 50 mg dose once daily and
recruited women at later gestations with umbilical
end-diastolic flow present in most cases. As pharma-
cokinetic studies of sildenafil in pregnancy are not
available, it would be difficult to determine an ideal dosing
schedule for future studies. More importantly, a possibility
that the 25 mg dose three times daily might have a
deleterious effect on blood flow in the ductus venosus
would require extreme caution in any future studies with
a higher dose, particularly in fetuses with absent or
reversed end-diastolic flow in the umbilical artery.
Another possibility is that our definition of growth
restriction included fetuses with such advanced disease
that it was not possible to improve or reverse the process.
We recruited more than half of the fetal growth-restricted
babies before 26 weeks' gestation and all fetuses had
severely compromised umbilical circulation with absent
or reversed end-diastolic flow; overall mortality was
around 45%. In comparison, the average gestational age
at randomisation in the study” by Dastjerdi and
colleagues was 35 weeks. The authors did not report the
proportion of babies with absent or reversed umbilical
artery food flow, but given the reported gestation, these
babies would have been likely to have been delivered
rather than recruited.” El-Sayed and colleagues® reported
that only 11 (20%) of 54 babies developed absent or

reversed end-diastolic umbilical artery blood flow at
some point after randomisation, whereas in the study”
by Trapani Jr and colleagues, reversed umbilical artery
blood flow was, in fact, an exclusion criterion. None of
the studies reported any perinatal deaths or long-term
follow-up data and it is, therefore, far too early to
speculate that the reported improvements in
uteroplacental perfusion in less severe fetal growth
restriction at later gestation would lead to improved
survival and better long-term outcomes.

Although we had no firmly agreed fetal monitoring
protocol or uniform triggers for delivery of
compromised babies in our study, all participating
units had access to fetal medicine experts, detailed
Doppler assessment of fetal and uteroplacental
circulation and antenatal cardiotocography. Therefore,
the broad agreement of overall survival in our study
with other studies' that included severe early-onset
fetal growth restriction with abnormal umbilical artery
Doppler is not suprising. We have already started
long-term follow-up for infants who survived and plan
to combine our data in a prospective individual patient
data meta-analysis to look for any possible long-term
effect of sildenafil, particularly on neurodevelopmental
and cardiovascular outcomes.*

The absence of substantial changes in angiogenic
biomarkers in the interval between randomisation and
delivery and between the two trial groups is disappointing
and consistent with clinical results. However, angiogenic
markers might improve the prediction of favourable
short-term and long-term outcomes and this improve-
ment is an area that we aim to explore further.

In summary, when sildenafil was administered to
pregnant women with a severely growth-restricted fetus, it
did not prolong pregnancy, improve survival, or reduce
short-term neonatal morbidity.

Contributors

All authors contributed to the conception and design of the study, or the
acquisition, analysis or interpretation of the data for manuscript. All
authors contributed to the revision of the manuscript for important
intellectual content. ZA was the principal investigator involved in the
conception of the study, the design, the conduct of the study, and drafted
and edited the report. AS, MAT, LCK, PNB, EDJ, AK, PvD, and ATP were

involved in the conception and design of the study and contributed to
the drafting and revision of the report. R] was the trial statistician and

www.thelancet.com/child-adolescent Published online December 6, 2017 http://dx.doi.org/10.1016/52352-4642(17)30173-6



Articles

advised on the analysis of the data and contributed to the drafting and
revision of the report. CC assisted with the design and service delivery
aspect of the study and contributed to the drafting and revisions of the
paper. JH assisted with the service delivery and biomarker aspects of the
study and contributed to the drafting and revision of the report.

Declaration of interests

PNB and LCK report a minority shareholding in Metabolomic
Diagnostics, outside of the submitted work, and have patents relating to
screening tests (not therapy) for pre-eclampsia issued. All other authors
declare no competing interests. This report is independent research
funded by the Medical Research Council (MRC) and managed by the
National Institute for Health Research (NIHR) on behalf of the
MRC-NIHR partnership. The views expressed in this publication are
those of the authors and not necessarily those of the MRC, National
Health Service, NIHR, or the Department of Health.

STRIDER study group

Umber Agarwal, Elaine Willis, and Silvia Mammarella, Liverpool
Women'’s Hospital, Liverpool, UK; Geraldine Masson, University
Hospital of North Midlands, Stoke-on-Trent, UK; Joe Aquilina,

Elena Greco and Sally Higgins, The Royal London Hospital, London, UK;
Dimuthu Vinayagam and Louise Shaw, St George’s Hospital, London,
UK; Louise Stephens, St Mary’s Hospital, Manchester, UK; David Howe
and Abby Rand, Princess Anne Hospital, Southampton, UK;

Shalini Patni, Birmingham Heartlands Hospital, Birmingham, UK;
Tommy Mousa and Asma Rabab, Leicester Royal Infirmary, Leicester,
UK; Helen Russell, NHS Fife Victoria Hospital, Kirkcaldy, UK;

Therese Hannon and Andrea Fenn, Royal Victoria Infirmary, Newcastle,
UK; Mark Kilby and Tara Selman, Birmingham Women’s Hospital,
Birmingham, UK; Anna David and Rebecca Spencer, University College
London Hospital, London, UK; Kelly Cohen and Andrew Breeze, Leeds
General Infirmary, Leeds, UK; Alastair McKelvey, Norfolk and Norwich
University Hospitals, Norwich, UK; Lawrence Impey and

Christos Loannou, John Radcliffe Hospital, Oxford, UK; Sarah Stock,
The Royal Infirmary of Edinburgh, Edinburgh, UK; Liona Poon, Kings
College London London, UK; Dharmintra Pasupathy and Louise Webster,
St Thomas’ Hospital, London, UK; and George Bugg, Nottingham City
Hospital and Queen’s Medical Centre, Nottingham, UK.

Acknowledgments

We would like to thank all the women who participated in this study
during such a distressing time for them and their families. We would like
to thank the members of the Trial Steering Commiittee (Alan Cameron,
Elizabeth Draper, Paul Clarke, Laura Price, Alex Astor, Louise Hardman,
and Karen Wilding), Independent Safety and Data Monitoring Committee
(Ed Juszczak, Christoph Lees, and Ben Stenson), members of the
STRIDER International collaboration, and all the individuals who helped
with the management and conduct of the STRIDER UK study. We thank
Sarah Quinby and Ediri O’Brien who provided trial management until
August, 2016. We are also grateful to Sharp Clinical Services and
University of British Columbia (UBC) for supporting the provision of
masked investigational medicinal products to research sites and to staff of
pharmacy and research and development departments in all of the
participating hospitals. We would also like to thank UBC for the
development and support of the STRIDER randomisation and electronic
data capture systems and Liverpool Clinical Laboratories, Royal Liverpool
University, and Broadgreen Hospital Trust for doing the Elecsys sFlt-1and
PIGF analyses. STRIDER was funded by the Efficacy and Mechanism
Evaluation (EME) Programme, a Medical Research Council (MRC) and
National Institute for Health Research (NIHR) partnership, award number
12/62/109. The EME Programme is funded by the MRC and NIHR, with
contributions from the Chief Scientist Office in Scotland and National
Institute for Social Care and Research in Wales. The trial was sponsored by
the University of Liverpool and Liverpool Women’s Hospital.

References

1 Lawin-O’Brien AR, Dall'Asta A, Knight C, et al. Short-term outcome
of periviable small-for-gestational-age babies: is our counseling up
to date? Ultrasound Obstet Gynecol 2016; 48: 636-41.

2 Baschat AA, Cosmi E, Bilardo CM, et al. Predictors of neonatal
outcome in early-onset placental dysfunction. Obstet Gynecol 2007;
109: 253-61.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Temming LA, Dicke JM, Stout MJ, et al. Early second-trimester fetal
growth restriction and adverse perinatal outcomes. Obstet Gynecol
2017; 130: 865-69.

Lundgren E, Cnattingius S, Jonsson B, Tuvermo T. Intellectual and
psychological performance in males born small for gestational age
with and without catch-up growth. Pediatr Res 2001; 50: 91-96.
Bardin C, Piuze G, Papageorgiou A. Outcome at 5 years of age of
SGA and AGA infants born less than 28 weeks of gestation.

Semin Perinatol 2004; 28: 288—94.

Sung I, Vohr B, Oh W. Growth and neurodevelopmental outcome of
very low birth weight infants with intrauterine growth retardation:
comparison with control subjects matched by birth weight and
gestational age. | Pediatr 1993; 123: 618-24.

Lees CC, Marlow N, van Wassenaer-Leemhuis A, et al. 2 year
neurodevelopmental and intermediate perinatal outcomes in
infants with very preterm fetal growth restriction (TRUFFLE):
arandomised trial. Lancet 2015; 385: 2162-72.

Lienhardt A, Carel ], Preux P, Coutant R, Chaussain J. Amplitude of
pubertal growth in short stature children with intrauterine growth
retardation. Horm Res 2002; 57: 88-94.

Stein CE, Fall CHD, Kumaran K, Osmond C, Cox V, Barker DJP.
Fetal growth and coronary heart disease in South India. Lancet 1996;
348:1269-73.

Barker DJ. The developmental origins of chronic adult disease.
Acta Paediatr Suppl 2004; 93: 26-33.

Lees C, Marlow N, Arabin B, et al. Perinatal morbidity and
mortality in early-onset fetal growth restriction: cohort
outcomes of the trial of randomized umbilical and fetal flow

in Europe (TRUFFLE). Ultrasound Obstet Gynecol 2013;

42: 400-08.

Smith SD, Choudhury RH, Matos P, et al. Changes in vascular
extracellular matrix composition during decidual spiral arteriole
remodeling in early human pregnancy. Histol Histopathol 2016;

31: 557-71.

Kadyrov M, Kingdom JC, Huppertz B. Divergent trophoblast
invasion and apoptosis in placental bed spiral arteries from
pregnancies complicated by maternal anemia and early-onset
preeclampsia/intrauterine growth restriction. Am J Obstet Gynecol
2006; 194: 557-63.

Barut F, Barut A, Gun BD, et al. Intrauterine growth restriction and
placental angiogenesis. Diagn Pathol 2010; 5: 24.

Burton GJ. Oxygen, the Janus gas; its effects on human placental
development and function. J Anat 2009; 215: 27-35.

Lin CS, Lin G, Xin ZC, Lue TF. Expression, distribution and
regulation of phosphodiesterase 5. Curr Pharm Des 2006;

12: 3439-57.

Dastjerdi M, Hosseini S, Bayani L. Sildenafil citrate and
uteroplacental perfusion in fetal growth restriction. | Res Med Sci
2012; 17: 632-36.

Von Dadelszen P, Dwinnell S, Magee L, et al. Sildenafil citrate
therapy for severe early-onset intrauterine growth restriction.
BJOG 2011; 118: 624-28.

El-Sayed MA, Saleh SA, Maher MA, Khidre AM. Utero-placental
perfusion Doppler indices in growth restricted fetuses: effect of
slidenafil citrate. ] Matern Fetal Neonatal Med 2017; 27: 1-6.
Trapani Jr A, Goncalves LF, Trapani TF, Franco MJ, Galluzzo RN,
Pires MMS. Comparison between transdermal nitroglycerin and
sildenafil citrate in intrauterine growth restriction: effects on
uterine, umbilical and fetal middle cerebral artery pulsatility
indices. Ultrasound Obstet Gynecol 2016; 48: 61-65.

Samangaya R, Mires G, Shennan AH, et al. A randomised,
double-blinded, placebo-controlled study of the phosphodiesterase
type 5 inhibitor sildenafil for the treatment of preeclampsia.
Hypertens Pregnancy 2009; 28: 369-82.

Trapani A Jr, Goncalves LF, Trapani TF, Vieira S, Pires M,

Pires MM. Perinatal and hemodynamic evaluation of sildenafil
citrate for preeclampsia treatment: a randomized controlled trial.
Obstet Gynecol 2016; 128: 253-59.

Refuerzo J, Sokol R, Aranda J, et al. Sildenafil citrate and fetal
outcome in pregnant rats. Fetal Diagn Ther 2006; 21: 259-63.
Sanchez-Aparicio P, Mota-Rojas D, Nava-Ocampo A, et al. Effects of
sildenafil on the fetal growth of guinea pigs and their ability to
survive induced intrapartum asphyxia. Am ] Obstet Gynaecol 2008;
198: 127.

www.thelancet.com/child-adolescent Published online December 6, 2017 http://dx.doi.org/10.1016/52352-4642(17)30173-6



Articles

10

25

26

27

28

29

30

Wareing M, Myers ], O’'Hara M, Baker P. Sildenafil citrate (viagra)
enhances vasodilatation in fetal growth restriction.

J Clin Endocrinol Metab 2005; 90: 2550-55.

Stanley J, Andersson I, Poudel R, et al. Sildenafil citrate rescues
fetal growth in the catechol-O-methyl transferase knockout mouse
model. Hypertension 2012; 59: 1021-28.

Oyston C, Stanley JL, Oliver MH, Bloomfield FH, Baker PN.
Maternal administration of sildenafil citrate alters fetal and
placental growth and fetal-placental vascular resistance in the
growth-restricted ovine fetus. Hypertension 2016; 68: 760—67.
Dilworth MR, Andersson I, Renshall L], et al. Sildenafil citrate
increases fetal weight in a mouse model of fetal growth restriction
with a normal vascular phenotype. PLoS One 2013; 8: €77748.
Wareing M, Myers J, O'Hara M, et al. Phosphodiesterase-5
inhibitors and omental and placental small artery function in
normal pregnancy and pre-eclampsia.

Eur ] Obstet Gynecol Reprod Biol 2006; 127: 41-49.

Ganzevoort W, Alfirevic Z, von Dadelszen P, et al. STRIDER:
Sildenafil Therapy In Dismal prognosis Early-onset intrauterine
growth Restriction—a protocol for a systematic review with
individual participant data and aggregate data meta-analysis and
trial sequential analysis. Syst Rev 2014; 3: 23.

31

33

34

Costeloe KL, Hennessy EM, Haider S, Stacey F, Marlow N,
Draper ES. Short term outcomes after extreme preterm birth in
England: comparison of two birth cohorts in 1995 and 2006
(the EPICure studies). BM] 2012; 345: €7976.

Moore T, Hennessy EM, Myles J, et al. Neurological and
developmental outcome in extremely preterm children born in
England in 1995 and 2006: the EPICure studies. BMJ 2012;

345: €7961.

Unterscheider J, Daly S, Geary MP, et al. Optimizing the definition
of intrauterine growth restriction: the multicenter prospective
PORTO Study. Am J Obstet Gynecol 2013; 208: 290.

Dunn L, Greer R, Flenady V, Kumar S. Sildenafil in pregnancy:
a systematic review of maternal tolerance and obstetric and
perinatal outcomes. Fetal Diagn Ther 2017; 41: 81-88.

www.thelancet.com/child-adolescent Published online December 6, 2017 http://dx.doi.org/10.1016/52352-4642(17)30173-6



