
Reports of Major Impact ajog.org
Safety and efficacy of sildenafil citrate to reduce
operative birth for intrapartum fetal compromise
at term: a phase 2 randomized controlled trial

Jessica Turner, MRCOG1; Liam Dunn, PhD1; William Tarnow-Mordi, MBChB; Christopher Flatley, PhD; Vicki Flenady, PhD;
Sailesh Kumar, FRCOG, FRANZCOG, DPhil (Oxon)

BACKGROUNDANDOBJECTIVE: Sildenafil citrate is a vasodilator number needed to treat¼ 5 [3e11]). There was no difference in indices of

used in erectile dysfunction and pulmonary hypertension. We tested

whether it reduces emergency operative births for fetal compromise and

improves fetal or uteroplacental perfusion in labor in a phase 2 double-

blind randomized controlled trial.

STUDY DESIGN: Women at term in early labor or undergoing

scheduled induction of labor at Mater Mother’s Hospital, Brisbane,

Australia, were randomly allocated 50 mg of sildenafil citrate orally

8 hourly up to 150 mg or placebo. Intrapartum fetal monitoring

followed Royal Australian and New Zealand College of Obstetricians

and Gynaecologists guidelines. Primary outcomes were (1) emergency

operative birth (by cesarean delivery or instrumental vaginal

birth) for intrapartum fetal compromise and (2) mean indices of

fetal and uteroplacental perfusion using Doppler ultrasound.

Analysis was by intention-to-treat. Trial Registration Number:

ANZCTRN12615000319572

RESULTS: Between September 2015 and January 2019, 300 women
were randomized equally to sildenafil citrate or placebo. Sildenafil citrate

reduced the risk of emergency operative birth by 51% (18% vs 36.7%;

relative risk, 0.49, 95% confidence interval, 0.33e0.73, P¼.0004,
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fetal and uteroplacental perfusion, but these were ascertained in only 71

women. Sildenafil citrate reduced the risk of meconium-stained liquor or

pathologic fetal heart rate patterns by 43% (25.3% vs 44.7%; relative risk,

0.57, 95% confidence interval, 0.41e0.79, P¼.0005), but its effects on

fetal scalp sampling rates (2.0% vs 6.7%; relative risk, 0.30, 95% con-

fidence interval, 0.08e1.07, P¼.06) and adverse neonatal outcome

(20.7% vs 21.3%; relative risk, 0.97, 95% confidence interval,

0.62e1.50, P¼.89) were inconclusive. Only 3.6% of maternal levels of

sildenafil citrate or its metabolite were detected in cord blood. No differ-

ences in maternal adverse events were seen.

CONCLUSION: Sildenafil citrate reduced operative birth for intra-

partum fetal compromise, but much larger phase 3 trials of its effects

on mother and child are needed before it can be routinely

recommended.
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ost cases of intrapartum fetal
M compromise, or nonreassuring
fetal status (“fetal distress”) in labor,
reflect inadequate placental perfusion
between contractions or preexisting
placental impairment that limits meta-
bolic exchange with the fetus.1e4 In term
pregnancies, uterine blood flow can fall
by 60% during contractions.5 Reduced
uteroplacental blood flow diminishes
placental function by causing placental
hypoxia and trophoblast apoptosis and
precipitates fetal decompensation, pro-
voking fetal distress.6,7

Fetal distress due to hypoxia is a global
challenge. It is a key contributor to 23%
of emergency cesarean deliveries (CDs)
in Australia,8 27% in the United States,9

and 22% in the United Kingdom.10 In
low- andmiddle-income countries, it is a
major cause of perinatal deaths,11 hyp-
oxic ischemic encephalopathy, and ce-
rebral palsy.12 In high-income countries,
1 in 5 cases of cerebral palsy is attributed
to birth asphyxia.13 Most of these out-
comes occur without previous risk fac-
tors.14,15 Globally, the burden of
disability-adjusted life years due to
neonatal encephalopathy, birth asphyxia,
and birth trauma compares with that of
congenital malformations, type II dia-
betes, or HIV/AIDS.16

Despite significant investment in
intrapartum fetal monitoring, no in-
terventions are proven to reduce the
development of intrapartum fetal
compromise,17e20 and the only options
to achieve safe outcomes when fetal
distress occurs are emergency operative
birth by CD or by instrumental vaginal
birth with forceps or vacuum. How-
ever, emergency CD is linked with post-
natal depression,21e23 breastfeeding
difficulties,24 and—in subsequent
MAY 2020 Am
pregnancies, uterine rupture, abnormal
placentation, ectopic pregnancy, still-
birth, and preterm birth.25 Instrumental
birth can cause birth trauma,26 including
severe perineal laceration with long-term
fecal or urinary incontinence and sexual
dysfunction,27 and neonatal intracranial
bleeding.26,28 Safe, affordable strategies to
reduce emergency operative birth are an
urgent global priority.29

Sildenafil citrate is a phosphodies-
terase type-5 inhibitor that blocks inac-
tivation of cyclic guanosine
monophosphate, mainly in vascular
smooth muscle cells, and thus increases
bioavailability of nitric oxide. This ac-
counts for its vasodilatory properties,
which are more pronounced in pelvic
vasculature. It increases fetal and utero-
placental blood flow30e32 and reverses
vasoconstriction in uterine and spiral
arteries.33,34 It has been prescribed for
more than 64 million men for erectile
dysfunction35 and is safe, affordable, and
available over the counter in the United
erican Journal of Obstetrics & Gynecology 401
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Why was this study conducted?
There are currently no proven interventions that reduce the risk of intrapartum
fetal compromise and birth asphyxia. We tested the biologically plausible hy-
pothesis that, through its vasodilatory action and by improving uteroplacental
perfusion, sildenafil citrate in labor would reduce the risk of emergency operative
birth for intrapartum fetal compromise.

Key Findings
Compared with placebo, sildenafil citrate significantly reduced the risk of
emergency operative birth by 51%, meconium-stained liquor and pathologic fetal
heart rate patterns by 43%. There were no differences in maternal or neonatal
adverse outcomes.

What does this add to what is known?
This is the first clinical trial assessing the effect of sildenafil citrate on intervention
rates for fetal compromise in term labor. Oral sildenafil citrate significantly
reduced emergency operative birth for fetal compromise and appeared safe for
women and neonates. However, there was insufficient power to ascertain its effect
on perinatal outcomes.
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Kingdom36 and New Zealand.37 It is
effective in adult and newborn pulmo-
nary hypertension.38,39 In our systematic
review of 16 pregnancy studies, maternal
side effects weremild and self-limiting—
mainly headache or flushing with no
long-term adverse outcomes.40 Sildenafil
citrate also has been assessed as an
antenatal treatment for severe, early-
onset fetal growth restriction in several
related trials coordinated by the
STRIDER (Sildenafil TheRapy In Dismal
prognosis Early-onset intrauterine
growth Restriction) Consortium.41

We therefore tested the biologically
plausible hypothesis that, through its
vasodilatory effect and by improving
uterine and placental perfusion in labor,
sildenafil citrate reduces the rate of
emergency CD or instrumental vaginal
birth for intrapartum fetal distress.

Materials and Methods
Study overview
We conducted the RIDSTRESS
(“Reducing the Incidence of Fetal
Distress with Sildenafil Citrate”) trial at
theMaterMother’s Hospital in Brisbane,
Australia, from September 2015 to
January 2019. This double-blind, pla-
cebo-controlled, pragmatic phase 2
randomized controlled trial was
402 American Journal of Obstetrics & Gynecology
registered with the Australia New
Zealand Clinical Trials Registry
(ANZCTRN12615000319572).
All versions of the protocol were

submitted for approval to the local Hu-
man Research Ethics Committee
(HREC; HREC/15/MHS/33) and
research governance office (RG-15-088).
Version 2.0 of the study protocol (Orig-
inal) was published42,43 and is available
alongside 6.1 (Final) with this article
(Supplemental Materials and Methods).
The HREC and the independent data
and safety monitoring committee
(DSMC) emphasized the safety of par-
ticipants in this first-ever trial of silden-
afil citrate in labor at term. The protocol
therefore mandated that the DSMC
rigorously monitor all adverse events
and undertake interim analyses after the
first 200 participants and then after each
subsequent 100 were enrolled, but no
formal stopping rule was proposed. The
trial was conducted according to the
Declaration of Helsinki44 and Good
Clinical Practice Guidelines.45

Participants
Women aged 18e50 years of age with a
single, structurally normal, cephalic
presenting fetus were eligible if they
planned vaginal birth at term (�37
MAY 2020
weeks of gestation). A researcher pro-
vided detailed oral and written infor-
mation. Women were randomized if
admitted in early labor when the cervix
was dilated less than 4 cm or if under-
going planned induction of labor. We
excluded women with preeclampsia,
more than 1 previous CD, a fetus known
to be small for gestational age, women
taking antihypertensive medication, and
those with a contraindication to silden-
afil citrate treatment such as hypersen-
sitivity to sildenafil citrate, to an
ingredient in its formulation, to nitrates
or nitrites or to Riociguat.46

Randomization and treatment
We originally planned to screen all
women after randomization using
Doppler ultrasound to show that sil-
denafil citrate reduced the rate of emer-
gency operative delivery from 36% to
18% in the 10% of womenwhose fetuses
had a cerebroplacental ratio below
the 10th centile on Doppler ultrasound.
This would have required enrollment
and screening of 1012 women per
group.42,43 However, because it proved
infeasible to perform Doppler ultra-
sound in all women after randomization,
we sought HREC approval to amend the
sample size while remaining blinded to
outcomes. The revised sample size
calculation was based on data in all de-
liveries showing that the incidence of
emergency operative delivery (CD or
instrumental vaginal birth) for fetal
compromise at the Mater Mother’s
Hospital was 18.9%.47 If sildenafil halved
the rate to 9.45%, a total sample size of
288 women per group (>90% power,
alpha of 0.05) would be required.
Assuming a 10% drop out rate, a sample
of 320 women per group was needed,
resulting in protocol version 6.1
(Supplemental Materials and Methods).
The revised sample size maintained the
50% reduction in primary outcome
specified in the first sample size
calculation.

After recruitment, women were
randomly assigned using a computer-
generated sequence in a 1:1 ratio to
receive either sildenafil citrate or placebo
in variable blocks of up to 6 (Stata Sta-
tistical Software, release 14; StataCorp
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BOX 1
Royal Australian and New Zealand College of Obstetricians and
Gynaecologists (RANZCOG) definition of pathological Fetal Heart Rate
patterns

Prolonged bradycardia (<100 bpm for >5 minutes)
Absent baseline variability <3 bpm
Sinusoidal pattern
Complicated variable decelerations with reduced or absent baseline variability
Late decelerations with reduced or absent baseline variability
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LP, College Station, TX). Each partici-
pant’s study identification number was
recorded in the clinical notes and sub-
sequently in their electronic health re-
cords. The hospital pharmacy prepared
sequentially ordered packs labeled with
individual study identification numbers
containing identical capsules of sildenafil
citrate or placebo. These were stored in a
locked drug cabinet in the birth suite.
The midwife caring for the woman then
cross referenced the appropriate study
pack with the study identification num-
ber recorded in the clinical notes and
administered the trial capsules as speci-
fied in the protocol. Women, clinicians,
and investigators were unaware of allo-
cation. Whenever possible, a researcher
performed an ultrasound scan to mea-
sure indices of fetal and uteroplacental
perfusion before and 2e4 hours after the
initial dose of study medication.
Maternal venous blood samples were
obtained 2e4 hours after first dose of
study medication for measurement of
sildenafil citrate and its active metabolite
(N-desmethyl sildenafil).

Depending on the Modified Bishop’s
Score, induction of labor was performed
with balloon catheters (Cook’s cervical-
ripening balloon catheter) or vaginal
prostaglandin gel. In women with a
favorable cervix, artificial rupture of
membranes was performed followed by
an oxytocin infusion. Women received
the first dose of trial medication after
transfer to the birth suite. Sildenafil cit-
rate was given orally as a 50-mg dose 8
hourly to a maximum of 3 doses. Blood
pressure was monitored 15e30 minutes
after each dose. Fetal heart rate moni-
toring was performed in all cases. Heart
rate abnormalities were classified using
Royal Australian and New Zealand Col-
lege of Obstetricians and Gynecologists
guidelines48 (Supplemental Materials
and Methods). A pathologic fetal heart
rate pattern was defined as having one or
more of the features in Box 1.

When clinically indicated, fetal scalp
blood samples for lactate levels were
obtained by the treating obstetric team.
Levels of 4.2e4.7 mmol/L were
considered borderline and repeated in
30 minutes. Levels �4.8 mmol/L
mandated immediate birth. Cord
arterial blood gases were performed
immediately after birth. Umbilical cord
venous blood was collected to analyze
levels of sildenafil citrate and N-des-
methyl-sildenafil.

Trial outcomes
The primary outcomes were (1) rates of
operative birth (by CD or instrumental
vaginal birth) for intrapartum fetal
compromise and (2) mean indices of
fetal and uteroplacental perfusion, ie,
umbilical artery (UA) pulsatility index
(PI), middle cerebral artery (MCA) PI,
and uterine artery PI, measured in
the absence of fetal breathing move-
ments and uterine contractions. The
mean of 3 measurements was recorded.
The cerebroplacental ratio was calcu-
lated by dividing the MCA PI by the
UA PI.
Prespecified secondary outcomes or

comparisons were (1) a composite of
pathologic intrapartum fetal heart rate
abnormalities or meconium-stained li-
quor; (2) need for intrapartum fetal
blood sampling because of concerns of
fetal well-being; (3) concentration of
sildenafil citrate and N-desmethyl-sil-
denafil in maternal and cord blood
(measured only in the sildenafil citrate
group); and (4) a composite of adverse
neonatal outcomes—admission to the
neonatal intensive care unit (NICU), or
Apgar score <7 at 5 minutes or cord pH
<7.1 or initial lactate >6 mmol/L or
neonatal encephalopathy (Sarnat stage 2
or 3).49

Subsidiary intrapartum and neonatal
outcomes included mode of birth (CD,
instrumental, or spontaneous vaginal
birth), indication for operative birth,
length of labor (from time partograph
commenced to delivery of the infant),
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fetal heart rate abnormalities,
meconium-stained liquor, postpartum
hemorrhage (blood loss >500 mL),
maternal intensive care unit admission,
cord blood pH and lactate levels, Apgar
score at 5 minutes and, if admission to
the NICU occurred, length of stay, res-
piratory illness (transient tachypnoea of
the newborn or pneumothorax), or
neonatal encephalopathy. Failed induc-
tion of labor was defined as lack of sig-
nificant cervical dilatation after 12 hours
of oxytocin infusion.

Newborns were screened for major
cardiopulmonary disease and pulmo-
nary hypertension by measuring oxygen
saturation by pulse oximetry within 8
hours of birth. We recorded adverse
events, serious adverse events, and
maternal symptoms potentially related
to sildenafil citrate administration
(nausea, vomiting, flushing, hypoten-
sion, blurred vision, visual loss, head-
ache, dyspepsia, diarrhea, and tremor).

As poorly grown fetuses are particu-
larly vulnerable to intrapartum fetal
compromise, in post-hoc analyses in 30
women with infants with birth weights
below the 10th centile for the study
cohort, we reported the effects of sil-
denafil citrate on clinical outcomes
including operative birth for fetal
compromise, mode of birth, pathologic
fetal heart rate patterns, and composite
neonatal outcome.

Sildenafil and N-desmethyl-sildenafil
levels were measured using liquid
chromatography-mass spectrometry.
This assay is linear over 1e600 ng/mL
for sildenafil citrate and 1e300 ng/mL
for desmethyl-sildenafil with intra- and
interassay accuracies of 92.8%e103.2%,
and intra- and inter-assay variation not
exceeding 15%.50
erican Journal of Obstetrics & Gynecology 403
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FIGURE 1
Flow chart of the study population

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2
randomized controlled trial. Am J Obstet Gynecol 2020.
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Statistical analysis
The revised sample size of 320 women
per group aimed to detect a 50%
reduction in the incidence of operative
birth for intrapartum fetal compromise
from 18.9%47 to 9.45% at 90% power
and 2-sided alpha of 0.05, allowing for
10% drop-outs. We did not estimate the
404 American Journal of Obstetrics & Gynecology
sample needed to detect differences in
fetal or uteroplacental perfusion.
The primary analysis was performed

by intention-to-treat. A per-protocol
analysis excluded participants who
did not receive their allocated study
medication. (Supplemental Table 1)
Quantitative data are presented as
MAY 2020
mean (standard deviation) or median
(interquartile range). Differences be-
tween study groups were compared
with the Student t test, Wilcoxon
rank-sum test, c2 test, or Fisher exact
test as appropriate. The effects of sil-
denafil citrate were assessed using
generalized linear modeling and
expressed as relative risk (RR), 95%
confidence intervals (95% CIs), and
number needed to treat (NNT) for
benefit. Ultrasound Doppler indices
for MCA, UA, and cerebroplacental
ratio were converted to z scores using
gestation-specific centiles.51 A P value
of <.05 was deemed statistically sig-
nificant.52 In addition to the analyses
planned in the protocol, we retro-
spectively used Benjaminie
HochbergeSimes53,54 critical P values
to account for multiple testing of the 3
prespecified secondary outcomes,
controlling for a 5% false-discovery
rate (Supplemental Table 2). Stata S/
E Statistical Software, release 15.0
(StataCorp LP) was used for analysis.

The DSMC conducted 3 interim an-
alyses, during which the Trial Steering
Committee remained blinded. The first
was preplanned in the protocol, after
enrolling 200 participants. The second
was unplanned, after 241 participants,
when the Dutch STRIDER trial of
maternal oral sildenafil citrate for severe
early fetal growth restriction was re-
ported.55,56 The DSMC advised
continuing enrollment after both
interim analyses. After the third, which
was prespecified in the protocol, the
DSMC unblinded the Trial Steering
Committee and advised them of a sig-
nificant difference in the primary
outcome between study groups. The
Trial Steering Committee then stopped
the trial (Supplemental Table 3).

Results
Of the 1043 women screened for eligi-
bility, 554 were deemed eligible: 300
consented and were randomized, 150 to
sildenafil citrate and 150 to placebo
(Figure 1). Of these, 32 received no study
medication—13 (8.7%) in the sildenafil
citrate group and 19 (12.7%) in the
placebo group, mainly because they
withdrew consent or delivered before the

http://www.AJOG.org


TABLE 1
Participant demographics

Sildenafil (N¼150) Placebo (N¼150)

Maternal age, y 30 (25e33) 30 (27e34)

Prepregnancy body mass index, kg/m2 26.8 (6.6) 26.7 (6.7)

Ethnicity

White 86 (57.3) 89 (59.3)

Indigenous 4 (2.7) 0

Asian 16 (10.7) 16 (10.7)

Indian 26 (17.3) 31 (20.7)

Other 18 (12.0) 14 (9.3)

Smoking during pregnancy 14 (9.3) 11 (7.3)

Alcohol during pregnancy 5 (3.3) 8 (5.3)

Nulliparous 87 (58.0) 96 (64.0)

Previous cesarean delivery 4 (2.7) 7 (4.7)

Diabetes mellitus

Gestational 39 (26.0) 36 (24.0)

Type 1 2 (1.3) 1 (0.7)

Type 2 1 (0.7) 2 (1.3)

Onset of labor

Spontaneous 19 (12.8) 15 (10.0)

Induction of labor 128 (85.9) 134 (89.3)

Cesarean delivery before induction of labor 2 (1.3) 1 (0.7)

Method of induction of labor

Prostaglandin E2 28 (19.9) 37 (25.5)

Cervical balloon 77 (53.4) 78 (52.4)

Artificial rupture of membranes and oxytocin infusion 23 (17.1) 19 (12.1)

Indications for induction of labor

Fetal 24 (18.8) 30 (22.4)

Decreased fetal movements 12 (9.4) 19 (14.3)

Growth concerns 6 (4.7) 1 (0.8)

Suspected large for gestational age 6 (4.7) 10 (7.5)

Maternal 62 (48.4) 61 (45.6)

Diabetes mellitus 37 (28.9) 33 (24.6)

Intrahepatic cholestasis of pregnancy 3 (2.3) 5 (3.7)

Advanced maternal age 12 (9.4) 11 (8.2)

Social/other 10 (7.8) 12 (9.0)

Obstetric 42 (32.8) 43 (32.1)

Spontaneous rupture of membranes 9 (7.0) 6 (4.5)

Previous obstetric history 7 (5.8) 5 (3.7)

Post dates 26 (20.3) 32 (23.9)

Epidural use 99 (66.0) 114 (76.0)

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol
2020. (continued)
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TABLE 1
Participant demographics (continued)

Sildenafil (N¼150) Placebo (N¼150)

Number of trial medication capsules administered

1 79 (52.7) 74 (49.3)

2 46 (30.7) 48 (32.0)

3 12 (8.0) 9 (6.0)

Ultrasound scans performed

Pretreatment 143 (95.3) 143 (95.3)

Posttreatment 34 (22.7) 37 (24.7)

Interval between first treatment dose and posttreatment
ultrasound scan (minutes)

120 (96e174) 115 (90e132.5)

Paired maternal and cord blood samples obtaineda 19 e

Data presented as % (n), mean (standard deviation), or median (interquartile range) as appropriate.

a Only samples from participants in the sildenafil citrate group were analyzed.

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol 2020.
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first dose. Baseline demographics and
adherence to protocol were similar be-
tween groups. Paired maternal and cord
blood samples for sildenafil citrate levels
were obtained from 19 women in the
sildenafil citrate group (Table 1).

Sildenafil citrate reduced the risk of
operative birth for intrapartum fetal
compromise by 51.0% (18.0% vs 36.7%;
RR, 0.49, 95% CI, 0.33e0.73, P¼.0004;
NNT ¼ 5, 95% CI, 3e11) (Table 2).
TABLE 2
Primary and secondary outcomes by in

Outcome

Primary outcomes

Operative birth for intrapartum fetal comprom

Measures of fetal and uteroplacental perfusio

Secondary outcomes

Meconium-stained liquor or pathologic
fetal heart rate pattern

Fetal blood sampling

Cord blood levels of sildenafil citrate and
N-desmethyl sildenafil in sildenafil treated gr

Composite adverse neonatal outcomeb

Data presented as % (n), mean (standard deviation), or median

CI, confidence interval.

a Only measured in 71 women; b Composite neonatal adverse ou
neonatal encephalopathy.

Turner et al. Safety and efficacy of sildenafil citrate to reduce o

406 American Journal of Obstetrics & Gynecology
There was no difference in indices of
fetal and uteroplacental perfusion, but
these were measured in only 71 women
as expert sonography was often unavai-
lable (Table 3).
For the prespecified secondary out-

comes, sildenafil citrate reduced the
risk of meconium-stained liquor or
pathologic fetal heart rate patterns by
58% (25.3% vs 44.7%; RR, 0.57,
0.41e0.79, P¼.0005; NNT¼5, 95% CI,
tention to treat

Sildenafil (N¼150)
N (%)

Placebo (N¼150)
N (%) P v

ise 27 (18.0) 55 (36.7) .00

na See Table 3

38 (25.3) 67 (44.7) .00

3 (2.0) 10 (6.7) .06

oup
See Table 4

31 (20.7) 32 (21.3) 0.8

(interquartile range).

tcome: admission to neonatal intensive care unit or Apgar score<7 a

perative birth for intrapartum fetal compromise at term: a phase

MAY 2020
4e12) but its effects on fetal blood
sampling rates (2.0% vs 6.7%; RR,
0.30, 0.08e1.07, P¼.06) and the com-
posite adverse neonatal outcome
(20.7% vs 21.3%; RR, 0.97, 0.62e1.50,
P¼.89) were inconclusive (Table 2).
Median sildenafil citrate and N-des-
methyl sildenafil levels in cord blood
were 0 ng/mL (range, 0e24.5) and
0 ng/mL (range, 0e22.3), respectively.
The median fetal/maternal
alue
Relative risk
(95% CI)

Number needed
to treat

04 0.49 (0.33e0.73) 5 (3e11)

05 0.57 (0.41e0.79) 5 (4e12)

0.30 (0.08e1.07) n/a

9 0.97 (0.62e1.50) n/a

t 5 minutes, or cord pH<7.1 or initial lactate �6 mmol/L or

2 randomized controlled trial. Am J Obstet Gynecol 2020.
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concentration ratio of sildenafil citrate
was 3.6% (range, 2.6e6.3) for 13 in-
fants in whose cord blood sildenafil
citrate could be detected (Table 4).

Sildenafil citrate was associated with
a substantial reduction in emergency
CD (10.0% vs 20.0%; RR, 0.50, 95%
CI, 0.28e0.89, P¼.02) and in instru-
mental vaginal birth for fetal compro-
mise (8.0% vs 16.7%; RR, 0.48, 95%
CI, 0.25e0.93, P¼.02). It also resulted
in a significant reduction of pathologic
fetal heart rate patterns (15.4% vs
32.0%; RR, 0.48, 95% CI, 0.31e0.75,
P¼.0009) and a nonsignificant reduc-
tion in meconium-stained liquor
(12.7% vs 20.0%; RR, 0.63, 95% CI,
0.37e1.07, P¼.09) (Table 5). Although
there was no difference in total length
of labor, sildenafil citrate was associated
with a shorter second stage (36
[13e107.5] minutes vs 65.5 [24-126]
minutes, P¼.02). No differences were
seen in the proportions of women
receiving oxytocin to augment uterine
activity, the interval between starting
oxytocin infusion and birth, or
maternal or perinatal adverse outcomes
(Tables 5 and 6). No infant failed the
newborn oxygen saturation screening
test. Two cases of hypoxic ischemic
encephalopathy occurred, one in the
sildenafil citrate group and one in the
placebo group (Supplemental Table 4).
Per-protocol and intention-to-treat
analyses were similar (Supplemental
Table 1).

Among infants with birthweights
below the 10th centile for the cohort,
sildenafil citrate was associated with a
nonsignificantly lower risk of CD or
instrumental birth for intrapartum fetal
compromise, one half the rate of CD for
any reason (P¼.049), and twice the rate
of spontaneous vaginal birth (P¼.02)
(Table 7).

Discussion
Principal findings and results in
context
Our results support the hypothesis that
sildenafil citrate reduces operative birth
by emergency CD or instrumental
vaginal birth for intrapartum fetal
compromise at term. Compared with
placebo, up to three 50-mg doses of
erican Journal of Obstetrics & Gynecology 407
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TABLE 4
Maternal and cord blood levels of SC and NDSa,b

Maternal Umbilical cord

Interval between SC treatment and blood sample, h 2.6 (1.1) e

Interval between final SC dose to cord blood collection, h e 4.95 (2.7)

SC, ng/mL 29.3 (17.8e50.0) 0 (0e11.4)c

NDS, ng/mL 86.8 (50.5e140) 0 (0e0)d

SC maternal blood levels/umbilical cord levels ratio, % 3.6 (2.6e6.3)e

NDS maternal blood levels/umbilical cord levels ratio, % 1.9 (0.9e2.1)e

NDS, N-desmethyl sildenafil; SC, sildenafil citrate.

a Data reported as mean (standard deviation) or median (interquartile range) as appropriate; b Only measured in 19 women who had paired maternal and umbilical cord venous samples; c Range¼
0e24.5 ng/mL; d Range ¼ 0e22.3 ng/mL; e Calculated in those with cord blood SC or NDS levels >0, n¼13.

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol 2020.

TABLE 5
Subsidiary intrapartum and neonatal outcomes by intention to treat

Outcome Sildenafil (N¼150) Placebo (N¼150) Relative risk (95% CI)

Spontaneous vaginal birth 81 (54.0) 65 (43.3) 1.25 (0.99e1.58)

All instrumental delivery 22 (14.7) 35 (23.3) 0.63 (0.39e1.02)

Instrumental for intrapartum fetal compromise 12 (8.0) 25 (16.7) 0.48 (0.25e0.92)

Instrumental for failure to progress 10 (6.7) 10 (6.7) 1.00 (0.43e2.33)

All emergency cesarean delivery 47 (31.3) 50 (33.3) 0.94 (0.68e1.30)

Cesarean delivery for intrapartum fetal compromise 15 (10.0) 30 (20.0) 0.50 (0.28e0.89)

Cesarean delivery for failure to progress 23 (15.3) 15 (10.0) 1.53 (0.83e2.82)

Cesarean delivery for other indications 9 (6.0) 5 (3.3) 1.80 (0.62e5.25)

Meconium-stained liquor 19 (12.7) 30 (20.0) 0.63 (0.37e1.07)

Pathologic fetal heart rate pattern 23 (15.4) 48 (32.0) 0.48 (0.31e0.75)

Length of labor, minutes 284.5 (145.5e490.5) 323 (184.5e448) e

First stage 197 (120e385) 230 (114e318) e

Second stage 36 (13e107.5) 65.5 (24e126) e

Oxytocin infusion 127 (85.2) 123 (82.0) e

Length of oxytocin infusion, ha 7.4 (4.5e12.4) 7.8 (5.2e12.5) e

Estimated blood loss, mL 300 (200e500) 350 (200e450) e

Postpartum hemorrhage 44 (29.3) 38 (25.5) 1.15 (0.79e1.67)

Blood loss >1000 mL 10 (6.7) 9 (6.0) 1.11 (0.46e2.66)

Maternal intensive care unit admission 2 (1.3) 0 e

Gestational age, wk 39.5 (1.3) 39.5 (1.3) e

Male infant 77 (51.3) 81 (54.0) e

Birthweight, g 3474.5 (3138e3780) 3432 (3178e3763) e

5-minute Apgar score <7 2 (1.3) 3 (2.0) 0.67 (0.11e3.93)

Cord artery pH <7.1 6 (4.0) 5 (3.3) 1.20 (0.37e3.85)

Cord lactate �6 mmol/L 23 (15.3) 22 (14.7) 1.05 (0.61e1.79)

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol
2020. (continued)
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TABLE 5
Subsidiary intrapartum and neonatal outcomes by intention to treat (continued)

Outcome Sildenafil (N¼150) Placebo (N¼150) Relative risk (95% CI)

Neonatal intensive care unit admission >24 h 5 (3.3) 3 (2.0) 1.67 (0.41e6.85)

Pneumothorax 1 (0.7) 3 (2.0) 0.33 (0.04e3.17)

Transient tachypnea of the newborn 4 (2.7) 4 (2.7) 1.00 (0.25e3.92)

Hypoxic ischemic encephalopathy 1 (0.7) 1 (0.7) 1.00 (0.06e15.8)

Data presented as n (%), mean (standard deviation), or median (interquartile range) as appropriate. Postpartum hemorrhage defined as >500 mL estimated blood loss.

CI, confidence interval.

a Time from commencement of oxytocin infusion until birth.

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol 2020.

ajog.org Reports of Major Impact
sildenafil citrate in labor reduced the risk
of this primary outcome by 51.0% (NNT
5 [3e11]; P¼.0004]. Sildenafil citrate
also reduced the risk of meconium-
stained liquor or pathologic fetal heart
rate patterns, a composite indicator of
fetal compromise, by 47% (NNT 5
[4e12]; P¼.0005). Maternal and
neonatal safety profiles were similar be-
tween groups. There was no clinically
important difference between groups in
the coprimary outcome of fetal and
uteroplacental perfusion, but this anal-
ysis included only 71 women, limiting
power. Our ultrasound findings are,
however, consistent with data from the
STRIDER trials, which found no signif-
icant difference in fetal (MCA and UA)
and maternal (uterine artery) Doppler
indices in women receiving sildenafil
citrate.57,58 Reassuringly, concentrations
of sildenafil citrate and N-desmethyl
sildenafil were low in cord blood samples
in our study and significantly lower than
in neonates given sildenafil citrate for
pulmonary hypertension.38,59,60

Although fetal compromise in labor
has many causes, it often results from
subclinical placental impairment with
inability to match fetal metabolic de-
mands.61,62 Because small-for-
gestational age fetuses are often more
vulnerable to intrapartum hypoxia,63 we
undertook post-hoc exploratory ana-
lyses among 30 infants with birth
weights below the tenth centile (2913 g)
for the study cohort. These showed no
evidence of harm and suggested that
sildenafil citrate may reduce the overall
CD rate and increase spontaneous
vaginal birth. However, these results, and
the association between sildenafil citrate
and a shorter second stage of labor,
should be interpreted with caution
because they were not adjusted for
multiplicity and should be regarded only
as hypothesis-generating.
Our study was temporarily halted to

undertake an unplanned safety analysis
after the Dutch STRIDER trial stopped
in July 2018, owing to a statistically
nonsignificant increase in neonatal
death (P¼.46) and an increase in
persistent pulmonary hypertension of
the newborn of 27% in the sildenafil
citrate group compared with 5% in the
control group (P¼.0014).55,56 Although
a subsequent meta-analysis of 329
women in 3 STRIDER trials showed no
significant difference in either
outcome,58 investigators advised that
pending an individual participant data
meta-analysis,55 sildenafil citrate should
not be prescribed for fetal growth re-
striction outside clinical trials.56 The
repurposing of sildenafil citrate in RID-
STRESS is very different from its use in
the STRIDER trials, which compared 75
mg of oral maternal sildenafil citrate
daily vs placebo for severe early fetal
growth restriction, in cumulative doses
of up to 5000 mg or more.

Strengths and limitations
Our study had several strengths.
Operational and performance bias were
minimized because this was a double-
blind, placebo-controlled trial in
which investigators remained blinded
to study allocation and final outcomes
until the end of the study. Our trial was
also at low risk of other types of bias,
MAY 2020 Am
as indicated by applying the Cochrane
Handbook tool64 (Supplemental
Table 5). The finding that sildenafil
citrate substantially reduced the pri-
mary outcome of emergency operative
birth for intrapartum fetal compromise
with a 2-sided P value of .0004
(Table 2) equates to a deviation of
more than 4 standard deviations from
the null hypothesis, which is extremely
unlikely to represent a type I error.
Further, the finding that sildenafil cit-
rate substantially reduced the pre-
specified secondary composite outcome
of meconium-stained liquor or
abnormal fetal heart rate pattern
(P¼.0005; Table 2), which is both a
measure of fetal compromise and a
clinical indication for emergency oper-
ative delivery, makes it even more un-
likely that these might be chance effects
and that the null hypothesis for the
primary outcome was incorrectly
rejected.

Our study also had limitations. In
both groups, more women than ex-
pected had induction of labor for
various indications. Some of these
indications are recognized as being of
greater risk for intrapartum fetal
compromise. Nevertheless, in this
placebo-controlled study, randomiza-
tion would have tended to distribute
these women equally across both study
arms. Furthermore, although induc-
tion of labor reduces overall rates of
CD,65,66 we found in another study
that it was associated with twice the
adjusted odds of CD for intrapartum
fetal compromise (adjusted odds ratio,
2.25; 95% CI, 2.08e2.44, P<.001).67
erican Journal of Obstetrics & Gynecology 409
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TABLE 6
Adverse and serious adverse events

Sildenafil (N¼150) Placebo (N¼150)

Serious adverse events 7 (4.7) 7 (4.7)

Maternal death 0 0

Stillbirth/neonatal death 0 0

Maternal ICU admission 2 (1.3)a 0

Severe maternal hypotensionb 0 0

PPH >1500 mL 2 (1.3) 4 (2.7)

Persistent visual disturbances requiring urgent ophthalmology review 0 0

Admission to NICU >24 h 5 (3.3) 3 (2.0)

Cord arterial pH <7.0 1 (0.7) 0

HIE/neonatal seizures 1 (0.7) 1 (0.7)

Adverse events/adverse drug reactions 92 (61.3) 90 (60.0)

Dizziness 3 (2.0) 2 (1.3)

Flushing 1 (0.7) 2 (1.3)

Dyspepsia 0 0

Dyspnea 0 0

Epistaxis 0 0

Diarrhea 0 0

Tremor 0 0

Headache 1 (0.7) 2 (1.3)

Myalgia 0 0

Paraesthesia 0 0

Edema 0 0

Visual changes 0 1 (0.7)

Vaginal itch 0 0

Nausea and vomiting 24 (16.0) 19 (12.7)

Intrapartum antiemetic use 47 (31.3) 42 (28.0)

PPH �1500 mL 41 (27.7) 33 (22.6)

Anemia 0 0

Bronchitis 0 0

Skin rash 0 0

Intrapartum pyrexia 7 (4.7) 10 (6.7)

Placental abruption 2 (1.3) 1 (0.7)

Uterine rupture 0 0

Cord prolapse 0 1 (0.7)

Maternal collapse 0 0

New-onset preeclampsia developing intra or postpartum 0 1 (0.7)

Cord arterial pH 7.0e7.1 4 (2.7) 5 (3.3)

Data presented as % (n).

HIE, hypoxic ischemic encephalopathy; ICU, intensive care unit; NICU, neonatal intensive care unit; PPH, postpartum hemorrhage.

a Both were for observation after PPH and discharged after 24 hours. One woman experienced a cesarean angle tear that was difficult to secure and had a 4-L blood loss; b Defined as blood pressure
<80/50 on 3 occasions requiring medical intervention.

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol 2020.
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TABLE 7
Post-hoc subgroup analysis in 30 women with infants weighing <10th centile (<2913 g) for the study cohort

Sildenafil (n¼17) Placebo (n¼13) RR (95% CI)

Operative birth for intrapartum fetal compromise 2 (11.8) 5 (38.5) 0.31 (0.07e1.33)

All cesarean delivery 2 (11.8) 6 (46.2) 0.25 (0.06e1.06)

Cesarean delivery for intrapartum fetal compromise 5.9 (1) 4 (30.8) 0.19 (0.02e1.51)

Cesarean delivery for failure to progress 1 (5.9) 2 (15.4) 0.38 (0.04e3.77)

Cesarean delivery for other indications 0 0 NA

All instrumental 1 (5.9) 2 (15.4) 0.38 (0.04e3.77)

Instrumental for intrapartum fetal compromise 1 (5.9) 1 (7.7) 0.76 (0.05e11.11)

Instrumental for failure to progress 0 1 (7.7) NA

Spontaneous vaginal birth 14 (82.4) 5 (38.5) 2.14 (1.04e4.41)

Fetal blood sample performed 0 1 (7.7) NA

Pathological fetal heart rate pattern or meconium-stained liquor 4 (23.5) 5 (38.5) 0.61 (0.20e1.84)

Pathologic fetal heart rate pattern 3 (17.7) 4 (30.8) 0.57 (0.15e2.13)

Meconium-stained liquor 1 (5.9) 1 (7.7) 0.76 (0.05e11.11)

Composite adverse neonatal outcomea 3 (17.7) 2 (15.4) 1.15 (0.22e5.90)

Data presented as % (n), mean (standard deviation), or median (interquartile range) as appropriate.

CI, confidence interval; NA, not available; RR, risk ratio.

a Composite adverse neonatal outcome: admission to neonatal intensive care unit or Apgar score <7 at 5 minutes or cord pH<7.1 or initial lactate �6 mmol/L or neonatal encephalopathy.

Turner et al. Safety and efficacy of sildenafil citrate to reduce operative birth for intrapartum fetal compromise at term: a phase 2 randomized controlled trial. Am J Obstet Gynecol 2020.
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In addition, despite the recognized
significant inter- and intraobserver
differences in interpreting fetal heart
rate patterns by clinicians, and vari-
ability in deciding the need for emer-
gency operative birth,68 bias was
unlikely, as caregivers were blinded.
We also recognize that fetuses who
develop intrapartum compromise are
not necessarily hypoxic. Furthermore,
paired ultrasound scans were only
performed in 23.7% (37/300) of par-
ticipants and maternal and cord blood
analyses for sildenafil citrate and N-
desmethyl sildenafil levels were done
in only 12.7% (19/150) of women in
the sildenafil citrate group.

No adjustment was made for mul-
tiplicity among the coprimary and
secondary outcome measures of
intrapartum fetal compromise. How-
ever, after using the Benjaminie
HochbergeSimes procedure to control
in retrospect for false discovery and
even after using the more stringent
Bonferroni correction to adjust for all
8 prespecified outcomes,53,54 our
conclusions did not change
(Supplemental Materials and Methods,
Supplemental Table 2) Lastly, no
formal stopping rule was prespecified
in the study protocol. However, the
DSMC statistician has advised that,
had a commonly used formal
threshold of P¼.001 for nominal sig-
nificance been used at the first 2
interim analyses, as recommended by
Geller and Pocock,69 the DSMC would
not have advised earlier termination of
the study. Thus, no adjustment has
been made to account for interim
analyses and the final P value of .0004
for the primary outcome represents a
statistically robust result.

Clinical and research implications
Our trial heralds the possibility of a
simple and affordable pharmacologic
intervention to reduce intrapartum fetal
compromise arising from inadequate
placental perfusion and deteriorating
function in labor. However, sildenafil
citrate will not prevent other causes of
fetal compromise such as cord prolapse,
placental abruption, or uterine rupture,
which are all strongly associated with
MAY 2020 Am
severe hypoxic injury, neonatal enceph-
alopathy, and cerebral palsy.70 In addi-
tion, accurate identification of women
that might benefit from this treatment is
also important to enable more targeted
therapy, given that current methods for
prenatal identification of at-risk fetuses
have limited prognostic utility.71e73

Furthermore, as with the use of aspirin
in obstetrics,74,75 the impact of sildenafil
citrate on key outcomes like intrapartum
stillbirth, perinatal or neonatal mortal-
ity, neonatal morbidity, and childhood
disability remains unknown. Trials to
improve stillbirth or neonatal mortality
will require tens of thousands of partic-
ipants with international collaboration,
as envisaged by the ALPHA
Collaboration76e78 (Table 8).

How can we progress to trials with
sufficient power to demonstrate mod-
erate but important differences in peri-
natal mortality? The next step is to
undertake several concurrent trials with
the same protocol, each funded by rele-
vant national or international agencies,
which might each have 80% to 90%
power to detect a 35% reduction in
erican Journal of Obstetrics & Gynecology 411

http://www.AJOG.org


T
A
B
LE

8
S
am

pl
e
si
ze
s
to

sh
ow

m
od
er
at
e,
cl
in
ic
al
ly
im
po
rt
an
t
10
%

or
20
%

re
du
ct
io
ns

in
re
la
ti
ve

ri
sk

of
ke
y
ou
tc
om

es
lik
e
m
or
ta
lit
y,
se
ve
re

m
or
bi
di
ty

or
di
sa
bi
lit
y

Ev
en
t
ra
te

in
co
nt
ro
lg
ro
up

(C
)

Ev
en
t
ra
te

in
tr
ea
te
d
gr
ou
p

(T
)

R
is
k
di
ff
er
en
ce

(C
e

T
¼ D

)

R
el
at
iv
e
ri
sk

(o
r
ri
sk

ra
tio
)

(R
R
¼

T/
C
)

R
el
at
iv
e
ri
sk

re
du
ct
io
n

(1
e

R
R
)

N
um

be
r
ne
ed
ed

to
be
ne
fit

or
ha
rm

(1
00
/
D
)

To
ta
ls
am

pl
e
to
sh
ow

ef
fe
ct
in
a
2-
ar
m
co
m
pa
ri
so
n
w
ith

90
%
po
w
er
,2
P¼

.0
5
an
d

no
na
dh
er
en
ce

to
pr
ot
oc
ol
du
e
to

0%
dr
op
ou
t
or

cr
os
so
ve
r

(p
er
fe
ct

pr
ot
oc
ol
ad
he
re
nc
e)

10
%

dr
op
-o
ut

5%
cr
os
so
ve
r

in
ea
ch

gr
ou
p

10
%

cr
os
so
ve
r

in
ea
ch

gr
ou
p

20
%

16
%

4%
0.
8

0.
2

25
38
68

42
55

47
76

60
44

20
%

18
%

2%
0.
9

0.
1

50
16
,1
66

17
,7
83

19
,9
60

25
,2
60

10
%

8%
2%

0.
8

0.
2

50
85
98

94
58

10
,6
16

13
,4
36

10
%

9%
1%

0.
9

0.
1

10
0

36
,1
36

39
,7
50

44
,6
14

56
,4
64

5%
4%

1%
0.
8

0.
2

10
0

18
,0
58

19
,8
64

22
,2
94

28
,2
16

5%
4.
5%

0.
5%

0.
9

0.
1

20
0

76
,0
76

83
,6
84

93
,9
22

11
8,
87
0

Tu
rn
er

et
al
.S
af
et
y
an
d
ef
fi
ca
cy

of
si
ld
en
afi
lc
it
ra
te
to

re
du

ce
op
er
at
iv
e
bi
rt
h
fo
r
in
tr
ap
ar
tu
m

fe
ta
lc
om

pr
om

is
e
at

te
rm

:
a
ph
as
e
2
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l.
A
m

J
O
bs
te
t
G
yn
ec
ol
20
20
.

Reports of Major Impact ajog.org

412 American Journal of Obstetrics & Gynecology MAY 2020
relative risk of a composite neonatal
outcome (such as intrapartum stillbirth,
neonatal death, Apgar score �3 at 5
minutes, moderate/severe neonatal en-
cephalopathy receiving cooling, umbili-
cal cord artery pH <7.0, prolonged
respiratory support or admission to a
NICU, persistent pulmonary hyperten-
sion, or meconium aspiration) from 7%
to 4.55%. It is critically important that all
such trials be overseen by a single inter-
national DSMC, guided by an agreed
charter,79 so that all trials could be
terminated early if an answer emerges
beyond reasonable doubt, for example,
when accumulating data from all trials
showed a moderate reduction or in-
crease in perinatal mortality of 10% or
more, associated with a P value of less
than .001.69

Conclusion
Despite its promising results, this phase
2 trial was underpowered to evaluate the
effects of sildenafil citrate on maternal
and neonatal outcomes. Much larger
numbers are therefore urgently needed
in phase 3 trials, endorsed by key stake-
holders.80 Trials to improve stillbirth or
neonatal mortality will require tens of
thousands of participants in aggregate
with international collaboration. This
could be achieved by concurrent, na-
tionally funded trials with similar or
identical protocols overseen by a single
international DSMC, to ensure that
enrollment stops as soon as an answer
emerges beyond reasonable doubt. Pre-
venting intrapartum hypoxia and miti-
gating the immediate and longer-term
sequelae of birth asphyxia are urgent
health challenges, because the need to
improve birth outcomes is a critically
important global priority.29,81,82 n
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