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Abstract

The aim of this study is to evaluate the impact of antenatal sildenafil citrate on fetoplacental pulsatility
indices and perinatal outcomes in pregnancies complicated by FGR. A systematic review and meta-analysis
were conducted in accordance with PRISMA guidelines. PubMed, Scopus, and Web of Science were searched
up to October 2025. Randomized controlled trials (RCTs) comparing sildenafil citrate with placebo in FGR
pregnancies were included. Primary outcomes included umbilical artery (UA) and middle cerebral artery
(MCA) pulsatility indices, birth weight, gestational age at delivery, and stillbirth rate. Secondary outcomes
included neonatal mortality, major morbidity, and NICU admission. Random-effects models were used to cal-
culate pooled mean differences (MDs) or risk ratios (RRs) with 95% confidence intervals (CIs). Twelve RCTs
involving a total of 1,083 pregnant women with FGR were analyzed. Sildenafil citrate significantly reduced
UA-PI (MD = —0.22; 95% CI —0.33 to —0.11; p < 0.0001) and increased mean birth weight (MD = 178.39 g;
95% CI 61.48-295.30; p = 0.003). However, it showed no significant effects on MCA-PI, gestational age, still-
birth, neonatal mortality, severe intraventricular hemorrhage, or NICU admission. Conversely, an increased
risk of persistent pulmonary hypertension of the newborn (PPHN) was observed (OR = 4.37; 95% CI 1.49—
12.80; p = 0.007). Antenatal sildenafil citrate may improve selected fetoplacental hemodynamic parameters and
birth weight in FGR pregnancies, but its association with increased PPHN risk warrants caution. Further large-

scale RCTs are needed to confirm efficacy and neonatal safety.
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INTRODUCTION

Fetal Growth Restriction (FGR) is a
multifactorial obstetric syndrome defined
by the failure of a fetus to achieve its genet-
ically determined growth potential, most
commonly as a consequence of placental
vascular dysfunction. FGR affects approxi-
mately 5-10% of pregnancies and is a ma-
jor contributor to stillbirth, neonatal mor-
bidity, and long-term adverse health out-
comes.(1)The chronic intrauterine hypoxic
environment associated with placental in-
sufficiency triggers complex fetal adaptive
mechanisms that may confer short-term
survival advantages but predispose affected
individuals to cardiovascular and metabolic
diseases later in life.(1)

Placental insufficiency in FGR is
characterized by abnormal spiral artery re-

modeling and increased placental vascular
resistance. Doppler velocimetry provides a
noninvasive window into this hemodynam-
ic disturbance. An elevated umbilical artery
pulsatility index (UA-PI) reflects impaired
placental perfusion, whereas alterations in
middle cerebral artery pulsatility index
(MCA-PI) represent fetal cerebrovascular
redistribution aimed at preserving oxygen
delivery to vital organs.(2) Although Dop-
pler indices are integral to antenatal surveil-
lance and decision-making regarding the
timing of delivery, they primarily serve a
prognostic rather than a therapeutic role,
highlighting a critical gap in the manage-
ment of FGR.(2)

Pharmacological interventions capa-
ble of improving placental function and
prolonging gestation have been extensively
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investigated; however, none have demon-
strated consistent clinical benefit.> Sildena-
fil citrate, a selective phosphodiesterase
type-5 inhibitor, was proposed as a targeted
therapy to reduce placental vascular imped-
ance through augmentation of nitric oxide-
mediated vasodilation.(3) Early exploratory
studies suggested that sildenafil might im-
prove uteroplacental and fetoplacental
blood flow, resulting in favorable Doppler
changes and modest increases in fetal
growth parameters.(3,4)

However, as larger randomized con-
trolled trials were conducted, the clinical
efficacy of sildenafil became increasingly
uncertain. Although some studies reported
transient improvements in Doppler indices,
these physiological changes did not consist-
ently translate into meaningful improve-
ments in gestational age at delivery or peri-
natal survival. More importantly, emerging
safety signals—most notably an increased
incidence of persistent pulmonary hyper-
tension of the newborn (PPHN)—raised
serious concerns regarding the neonatal ef-
fects of antenatal sildenafil exposure.(5)
These findings prompted the early termina-
tion of several major trials and challenged
the assumption that improved placental he-
modynamics necessarily lead to improved
perinatal outcomes.(5,6)

Given the ongoing controversy sur-
rounding the role of sildenafil in FGR and
the potential for significant neonatal harm,
a comprehensive synthesis of available ran-
domized evidence is urgently needed. This
systematic review and meta-analysis there-
fore aimed to evaluate the effects of antena-
tal sildenafil citrate on fetoplacental Dop-
pler indices and perinatal outcomes, with
particular emphasis on distinguishing phys-
iological improvements from clinically
meaningful benefits and assessing neonatal
safety.

METHODS

Study Design and Reporting Guidelines
This systematic review and meta-

analysis was conducted in accordance with

the Preferred Reporting Items for Systemat-

ic Reviews and Meta-Analyses (PRISMA)

guidelines.

Literature Search Strategy

A comprehensive literature search
was performed in PubMed, Scopus, and
Web of Science from da tabase incep-
tion until October 2025. The search strate-
gy included combinations of the following
keywords and Medical Subject Headings
(MeSH):  “fetal growth restriction,”
“Intrauterine growth restriction,”
“sildenafil citrate,” ‘“phosphodiesterase-5
inhibitor,” “umbilical artery,” “middle
cerebral artery,” and ‘“randomized con-
trolled trial.” Reference lists of relevant
studies and review articles were manually
screened to identify additional eligible tri-
als.

Eligibility Criteria

Randomized  controlled  trials
(RCTs) were included if they met the fol-
lowing criteria:

1.  Enrolled pregnancies complicated by
fetal growth restriction (FGR);

2. Compared antenatal sildenafil citrate
with placebo or standard care; and

Reported at least one prespecified maternal,

Doppler, or perinatal outcome.

Studies were excluded if they were
observational studies, case reports, reviews,
animal studies, or lacked comparative out-
come data.

Outcome Measures

Primary outcomes included the um-
bilical artery pulsatility index (UA-PI),
middle cerebral artery pulsatility index
(MCA-PI), birth weight, gestational age at
delivery, and stillbirth rate.
Secondary outcomes included neonatal
mortality, major neonatal morbidity, NICU
admission, and persistent pulmonary hyper-
tension of the newborn (PPHN).

Data Extraction

Two independent reviewers extract-
ed data using a standardized data extraction
form, including study design, sample size,
sildenafil dosing regimen, gestational age
at treatment initiation, and reported out-
comes. Any discrepancies were resolved
through consensus or, when necessary,
consultation with a third reviewer.
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Risk of Bias Assessment

Risk of bias was assessed using the
Cochrane Risk of Bias Tool for randomized
trials.

Certainty of Evidence Assessment

The certainty of evidence for major
clinical outcomes was evaluated using the
Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)
approach. Evidence certainty was assessed
based on risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias
and was categorized as high, moderate,
low, or very low.

Statistical Analysis

Meta-analysis was conducted using
Review Manager (RevMan) version 5.4.
Continuous outcomes were pooled using
mean differences (MDs), while dichoto-
mous outcomes were analyzed using risk
ratios (RRs) or odds ratios (ORs), each with
corresponding 95% confidence intervals
(Cls).

Publication bias was not formally
assessed because most pooled outcomes
included fewer than ten studies, limiting the
reliability of funnel plots and analyses of
small-study effects.

Data Extraction

Data extraction was performed in-
dependently by two reviewers using a
standardized extraction form. Extracted
variables included study characteristics,
participant demographics, gestational age at
recruitment, sildenafil dosing regimens,
Doppler parameters, and perinatal out-
comes.

Not all included studies contributed
data to every pooled outcome because sev-
eral trials did not report all prespecified
endpoints or reported outcomes in non-
comparable formats. Therefore, outcome-
specific pooled analyses were conducted
using all studies with extractable and clini-
cally comparable data for each endpoint.

The primary outcomes of interest
were fetoplacental Doppler parameters, in-
cluding umbilical artery pulsatility index
(UA-P]) and middle cerebral artery pulsa-

tility index (MCA-PI). Secondary out-
comes included birth weight, gestational
age at delivery, stillbirth, neonatal mortali-
ty, severe intraventricular hemorrhage
(IVH), neonatal intensive care unit (NICU)
admission, and persistent pulmonary hyper-
tension of the newborn (PPHN). Outcomes
and analytical approaches were predefined
prior to data extraction and quantitative
synthesis.

Protocol Registration

This review protocol was not pro-
spectively registered in PROSPERO or any
other international registry. This is
acknowledged as a limitation of the study.

RESULTS
Study Selection

The literature search identified 732
records from PubMed, Scopus, and Web of
Science. After the removal of duplicates,
480 studies underwent title and abstract
screening. Following this screening, 76 full
-text articles were assessed for eligibility.
Studies were excluded because they were
non-randomized, did not report relevant
fetoplacental or perinatal outcomes, repre-
sented ongoing protocols, involved over-
lapping populations, or contained incom-
plete data.

Ultimately, 12 randomized con-
trolled trials (RCTs), involving 1,083 preg-
nancies complicated by fetal growth re-
striction, were included in the final quanti-
tative synthesis and meta-analysis. The
study selection process is presented in Fig-
ure 1 according to the PRISMA 2020 flow
diagram.

Study Characteristics

A total of 12 randomized controlled
trials conducted across multiple countries
were included in this meta-analysis. Most
studies employed randomized double-blind
placebo-controlled designs, whereas sever-
al used prospective randomized compara-
tive methods. The included trials demon-
strated variability in gestational age at re-
cruitment, sildenafil dosing regimens, treat-
ment duration, and assessed outcomes.
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Sildenafil citrate doses ranged from
20 mg to 50 mg, administered one to three
times daily. Treatment duration varied from
short-term Doppler assessment protocols to
continuous administration until delivery or
up to 32 weeks of gestation. Primary out-
comes across studies included fetoplacental
Doppler indices, birth weight, gestational
age at delivery, perinatal mortality, neona-
tal morbidity, and NICU admission.
Several smaller single-center studies pri-
marily focused on surrogate Doppler out-
comes, whereas larger multicenter trials,
including the STRIDER studies, primarily
evaluated clinically important perinatal out-
comes and neonatal safety. Detailed charac-
teristics of the included studies are summa-
rized in Table 1.

Risk of Bias Assessment Result

Overall, the included studies
demonstrated  variable = methodological
quality. Most studies were randomized and
placebo-controlled; however, several trials
had limitations related to small sample siz-
es, unclear allocation concealment, incom-
plete outcome reporting, and potential se-
lective reporting bias. Larger multicenter
trials generally demonstrated a lower risk
of bias than smaller single-center studies.
Figure 2. Risk of Bias Assessment

Sensitivity Analysis

Sensitivity analyses were performed
qualitatively by evaluating the influence of
smaller studies and studies with a higher
risk of bias on pooled estimates. Smaller
single-center trials generally demonstrated
greater improvements in Doppler indices
and fetal growth parameters compared with
the larger multicenter STRIDER trials.

Exclusion of studies judged to have
greater methodological limitations was as-
sociated with attenuation of the pooled ef-
fect size for surrogate Doppler outcomes,
particularly UA-PI and birth weight. How-
ever, the overall conclusions regarding the
absence of a clear benefit in major perinatal
outcomes and the concerning safety signal
for persistent pulmonary hypertension of
the newborn (PPHN) remained unchanged.

Because several pooled outcomes included
only a limited number of studies, formal
quantitative sensitivity analyses were re-
stricted.

Primary Outcomes
A. Umbilical Artery Pulsatility Index

(UA-PI)

Three RCTs (Dastjerdi et al., 2012;
Shehata et al., 2018; Trapani et al., 2016)
specifically assessed the effect of antenatal
sildenafil citrate on umbilical artery pulsa-
tility index (UA-PI) in pregnancies compli-
cated by fetal growth restriction (FGR).
The pooled analysis demonstrated a signifi-
cant reduction in UA-PI among women re-
ceiving sildenafil compared with placebo
(MD =-0.22; 95% CI: —0.33 to —0.11; p <
0.0001). This finding suggests that sildena-
fil may improve fetoplacental perfusion
and reduce placental vascular resistance.
Despite the consistent direction of effect,
substantial heterogeneity was observed (I?
= T1%, p = 0.03), indicating notable differ-
ences among studies. Potential sources of
heterogeneity include variations in gesta-
tional age at recruitment (ranging from 20
to 32 weeks), differences in sildenafil dos-
age (25-100 mg/day), duration of therapy,
and Doppler measurement protocols. Clini-
cally, the reduction in UA-PI is indicative
of improved placental hemodynamics,
which may translate into better fetal nutri-
ent and oxygen delivery. However, the high
heterogeneity underscores the need for cau-
tion in interpreting these findings and high-
lights the necessity for standardized, large-
scale trials.

B. Index (MCA-PI)

Three RCTs (Dastjerdi et al., 2012;
Shehata et al., 2018; Trapani et al., 2016)
evaluated the effect of sildenafil on fetal
cerebral blood flow, measured by middle
cerebral artery pulsatility index (MCA-PI).
The pooled mean difference was 0.43 (95%
CI: —0.12 to 0.98; p = 0.12), indicating no
statistically significant difference between
the sildenafil and placebo groups. Although
a trend toward higher MCA-PI values was
observed in the sildenafil group, this effect
did not reach statistical significance.
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A very high degree of heterogeneity was
noted (I> = 99%, p < 0.00001), reflecting
substantial variability across studies. Dif-
ferences in gestational age at assessment,
Doppler technique, timing of measurements
relative to sildenafil administration, and
dosage likely contributed to this incon-
sistency. Overall, these results suggest that
sildenafil does not significantly alter fetal
cerebrovascular resistance, as measured by
MCA-PI, despite improvements in placen-
tal blood flow indicated by UA-PI.

C. Birth Weight at Delivery

Sildenafil citrate was associated with a
statistically significant increase in mean
birth weight compared with placebo (MD =
178.39 g; 95% CI. 61.48-295.30; p =
0.003). This finding is clinically relevant,
as even modest increases in birth weight
may reduce the risk of perinatal morbidity,
including respiratory distress and hypogly-
cemia, in growth-restricted neonates. The
improvement in birth weight corresponds
with the observed reduction in UA-PI, sug-
gesting that enhanced placental perfusion
may translate into improved fetal growth.

D. Gestational Age at Delivery

No significant difference was observed
in gestational age at delivery between the
sildenafil and placebo groups (MD = 0.73
weeks; 95% CI: —0.16 to 1.62; p = 0.11).
This finding indicates that, although
sildenafil may improve placental hemody-
namics and fetal growth, it does not appear
to meaningfully prolong gestation in preg-
nancies complicated by FGR. Clinicians
should therefore consider that improve-
ments in fetal growth parameters may not
necessarily correspond to delayed delivery.

Secondary Outcomes
a. Stillbirth Rate

Sildenafil citrate did not significantly
affect the rate of stillbirth compared with
placebo (RR = 1.00; 95% CI: 0.77-1.32; p
= 0.98). This finding indicates that antena-
tal sildenafil does not reduce the risk of fe-
tal death, despite improvements in UA-PI
and birth weight. The absence of an effect
on stillbirth underscores the complex multi-
factorial pathophysiology of FGR and the
limitations of pharmacological interven-
tion.

[ Identification of studies via datab andr isters ]

Records identified through
= database searching: Records removed before
= . Pubmed (n = 212) screening:
E - Scopus (N=290) »| Duplicate records removed
EE e  \Web of Science (n =230) (n =252)
<
= Total: 732 studies
Records screened Records excluded (non-FGR,
(n = 480) e animal studies, reviews, case
reports, etc.) n= 404
£
- l
o Full-text excluded, with reasons
oS N _ .
w Full text articles assessed for (n =84):
eligibility * NotRCT (n=21)
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outcomes (n = 18)
- Protocol or ongoing trial
(n=7)
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Figure 1. Prisma Flow Diagram
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Figure 2. Risk of Bias Assesment
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Table 1. Study Characteristics

Study, Year Methods Treatment | Sildenafil Dose, mg Control Primary Outcome
Location Group, N Group, N
. Change in Doppler pulsa-
Abdelshafy et al., dR(?fllgl(; I};)llzifl(ji, 25 mg orally, three tility index (PI) of the
2019 placebo- ? N=45 times daily until N=45 umbilical artery and fetal
Egypt . delivery middle cerebral artery
controlled trial (MCA)
Dadelzen et al Mqltisite, double 25 mg orally, three Improvement in gesta-
” -blind, random- _ . A . tional age at delivery
2022 ved laceb N=11 times daily until N=9 d Jdenafil 1
Canada ized,  placebo- delivery (days) (sildenafil vs pla-
controlled trial cebo)
Change in uteroplacental
Dastjerdi et al Randomiz_ed, II))e(f}fl}l)sli:Orn measuri?dict?s]
2012 ” double-blind, N=29 50 mg orally, once N=30 (umbilical artery PI, S/D
: placebo- LFU=15 | daily LFU: 3 : Yo
ran controlled trial ratio, and MCA-PI) be-
fore and 2 hours after
treatment
Eshargi et al., Double-blind 25 me orally. once Doppler indices (UA-PI,
2021 randomized clin- N=40 dail g Ys N=40 MCA-PI, UA-RI, MCA-
Iran ical trial. Y RI, S/D ratio)
Triple-blind, 25 mg orally, three .
Groom et al., randomized, _ times daily until 32 _ Proportion Of pregnaf-
2019 N=63 . N=59 cies with an increase in
New Zealand placebo- wpeks of gestation, fetal growth velocity
controlled birth, or fetal death
Randomized, 25 mg orally, three Composite outcome of
Pels et al., 2020 double-blind, _ times daily until fetal _ np .
N=108 N=107 perinatal mortality and
Netherlands placebo- death, 32 weeks of maior neonatal morbidit
controlled trial gestation, or birth J Y
Shakalany et al., (Ii)(r)(r)li?zeec(;l\iieouﬁg: 25 mg orally, three Duration of pregnancy,
2018 bli ’ N=40 times daily until N=40 neonatal birth weight,
E ind controlled deli dl dmissi
gypt trial elivery and ICU admission
Multicenter,
randomized, 25 mg orally, three Pregnanc rolongation
Sharp et al., 2018 | double-blind, » times daily until 32 _ g y proiongaliol
N=70 . N=65 from randomization until
UK placebo- weeks of gestation or deliver
controlled supe- delivery y
riority trial
. Improvement in umbili-
Double-blind, .
Shehata et al., randomized, - 20 mg orally, three - cal and mldgﬂ_e c_erebral
2018 N=23 - . N=23 artery pulsatility indices
placebo- times daily - :
Egypt controlled trial and abdominal circum-
ference
Doppler  improvements
: . decreased UA-PI, in-
Singh et al., 2018 | Randomized _ 25 mg orally, three _ ( >
¢ ’ . . N=52 . 00 N=48 creased MCA-PI, in-
India comparative trial times daily creased CPR) and perina-
tal outcomes
Change in uterine artery
T ) | (UltA)"l' UA,. dor MEA
rapani et al., . } pulsatility index after
2016 grOSPec(;lVgl Lo N=12 fio.flg orally, once N=12 | administration of GTN,
Brazil omized study ay sildenafil citrate, or pla-
cebo compared with
baseline values
Increase in abdominal
circumference (AC), AC
Prospective ran- 25 mg orally, three growth velocity, fetal
EZ?ZV etal., 2021 domized  con- N=65 times daily until N=65 weight gain, amniotic
trolled study delivery fluid index (AFI), and

gestational age at deliv-
ery

WMIJ (Warmadewa Medical Journal), Vol.11, No.1, May 2026, p-ISSN 2527-4627
DOIL: https://doi.org/10.22225/wm;j.11.1.14507.39-53




wMJ (Warmadewa Medical Journal), Vol. 11 No. 1, May 2026, Page. 46

b. Middle Cerebral Artery Pulsatility

Sildenafil Citrat Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dastierdietal, 2012  -012 01285 14 -002 0363 27 248% -0.10[0.25 0.05) —
Shehataetal, 2018 -0.3 01003 23 0 01003 23 424% -030[0.36,-0.24] -+
Trapanietal, 2016 -0.27 01424 12 -0.06 01263 12 328% -0.21[032,-0.10) —a—
Total (95% CI) 49 62 100.0% -0.22[-0.33,-0.11] <
Heterageneity: Tau®= 0.01; Chi*=6.88, df=2 (P=003); F=71% t

.05 -025 0 025 05

Test for overall effect Z=3.97 (P < 0.0001) Sildenafil Citrate Placebo

Figure 3. Forestplot of the effect of antenatal sildenafil citrate on umbilical artery pulsatility indices (UA-PI)
in pregnancies complicated by fetal growth restriction.

Sildenafil Citrate Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dastjerdi etal, 2012 05 035 14 003 0035 27 327% 0,47 [0.29, 0.65) =
Shehataetal, 2018 01 014 12 008 0135 12 335% 0.02[-0.09,0.13]
Trapanietal, 2016 0.8 0.0615 23 0 0.0615 23 339% 0.80[0.76, 0.84] L]
Total (95% CI) 49 62 100.0% 0.43[-0.12, 0.98]

Heterogeneity, Tau®= 0.23, Chi*=182.00, df= 2 (P < 0.00001), F= 99%
Testfor overall effect Z=1.54 (P=012)

-2 -1 0 1 2
Sildenafil Citrate Placebo

Figure 4. Forestplot of the effect of antenatal sildenafil citrate on middle cerebral artery pulsatility index
(MCA-PI) in pregnancies complicated by fetal growth restriction.

Sildenafl Citrate Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Abdelshafyetal, 2018 17833 245 45 15708 4557 45 108% 21250[61.80, 363.20] e
El-Shalakary etal, 2018 20705 4503 37 18422 352 36 10.0% 22830[4317, 41343 e —
Eshargi etal, 2021 23083 2038 40 2,224 15801 40 12.6% 85,30 [6.86,163.74] —
Groometal,, 2019 1,233 T4 63 1,184 823 89 7.5% 49.00[23495 33295 [ e —
Pels etal, 2020 824 537 108 884 G27 107 10.8% -55.00F211.11,101.11] T
Sharpetal, 2018 G04  B7S 70 580 103 65 13.3% 14.00 [-15.61, 43.61] T
Singhetal, 2018 2880 2405 110 2BB0 306 108 127% 200.00[12617 27383 —_
Trapanietal, 2016 1,665 325 a0 1,410 30 A0 11.6% 155.00[3051,279.49] ——
Yadavetal, 2021 240492 47873 G5 16656 46474 65 106% 73I93I2[AF712,901.582) —t
Total (95% CI) 588 575 100.0% 178.39 [61.48, 295.30] -
Heterogeneity Tau®= 26620.13; Chi#=101.72, df=8 (P = 0.00001); F=92% f

00 -250 0 250 500

Test for overall effect Z= 288 (P =0.003) Sildenafil Citrate Placebo

Figure 5. Forestplot of the effect of antenatal sildenafil citrate on birth weight at delivery in pregnancies
complicated by fetal growth restriction

Sildenafil Citrate Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Abdelshaty etal, 2019 333 187 45 33484 178 45 204% 1.79[1.08, 2.50) —
El-Shalakany etal, 2018 3|2 138 T O3T4 142 3® MO% 0B0[016,1.44] —
Groom etal, 2019 MT4 443 f3 3131 481 8 132% 043118, 204 N B —
Sharpetal, 2018 81 07A 0284 07 BAR O 231%  -030[0A4,-0.08) -
Trapanietal, 2016 323 25 A0 321 27 A0 1A% 0.20[6.77,7.17] ¢ 4
Yadavetal, 2021 3|74 18 fA 3478 187  ER 208% 089 [0.32, 1.6F —
Total (95% CI) 330 320 100.0%  0.73[-0.16, 1.62] -’-

Heterogeneity, Tau®= 0,88, Chi®= 4343, df= 4 (P = 0.00001}; F= 83% |4 I2 i 1 ;

Test for overall effect Z2=1.61 (F=0.11) Sildenafll Citrate Placeho

Figure 6. Forestplot of the effect of antenatal sildenafil citrate on gestational age at delivery in pregnancies
complicated by fetal growth restriction.
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¢. Neonatal Mortality

No statistically significant difference
in neonatal mortality was observed be-
tween the sildenafil and placebo groups
(OR = 1.31; 95% CI: 0.78-2.20; p =
0.30), with no heterogeneity among stud-
ies (I> = 0%). These findings suggest that
sildenafil has minimal impact on survival
outcomes in growth-restricted neonates
and that improvements in hemodynamics
and birth weight do not necessarily trans-
late into reduced neonatal mortality.

d. Persistent Pulmonary Hyperten-
sion of the Newborn (PPHN)
Antenatal sildenafil was significantly

associated with an increased risk of

PPHN compared with placebo (OR =

4.37; 95% CI: 1.49-12.80; p = 0.007).

This safety signal is of considerable clini-

cal concern and suggests a potential ad-

verse effect on neonatal pulmonary vas-
cular adaptation. The proposed mecha-
nism involves in utero exposure to phos-
phodiesterase-5  (PDE-5) inhibition,
which may alter pulmonary vascular reac-
tivity after birth. These findings reinforce
the need for caution in the clinical use of
sildenafil in pregnancies complicated by

Sildenafil Citrate Placebo

fetal growth restriction.

e. Severe Intraventricular Hemorrhage

(IVH)

No statistically significant difference
was observed in the incidence of severe
IVH between the sildenafil and placebo
groups (OR =1.52; 95% CI: 0.67-3.41;p =
0.31), with no heterogeneity among studies
(I = 0%). Although the pooled odds ratio
suggests a trend toward a higher risk, this
effect did not reach statistical significance,
and further studies are needed to clarify
potential neurovascular effects.

f. Neonatal Intensive Care Unit

(NICU) Admission

Antenatal sildenafil was not associated
with a significant difference in NICU ad-
mission rates compared with placebo (RR
=0.96; 95% CI: 0.77-1.21; p = 0.75). Alt-
hough a slight reduction in NICU admis-
sions was observed in the sildenafil group,
the effect was not statistically significant.
These findings suggest that, despite im-
provements in fetal growth, sildenafil does
not appear to substantially reduce the need
for postnatal intensive care.
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Figure 7. Forestplot of the effect of antenatal sildenafil citrate on stillbirth rate in pregnancies complicated
by fetal growth restriction.
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Figure 8. Forestplot of the effect of antenatal sildenafil citrate on neonatal mortality in pregnancies compli-
cated by fetal growth restriction.
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Figure 9. Forestplot of the effect of antenatal sildenafil citrate on persistent pulmonary hypertension of the
newborn (PPHN) in pregnancies complicated by fetal growth restriction.
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Figure 10. Forestplot of the effect of antenatal sildenafil citrate on severe intraventricular hemorrhage (IVH)
in pregnancies complicated by fetal growth restriction.
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Figure 11. Forestplot of the effect of antenatal sildenafil citrate on neonatal intensive care unit (NICU) ad-
mission in pregnancies complicated by fetal growth restriction.
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Table 2. Summary of Certainty of Evidence Using the GRADE Approach

Outcome Numb(?r Partici- Effect Estimate Main Limitations Cert.amty of
of Studies pants Evidence
Substantial heteroge-
Umbilical artery MD —0.22 (95% | neity (I> = 71%), small
pulsatility index 3 RCTs 129 CI-0.33to sample size, variation Low
(UA-PI) =0.11) in sildenafil dose and
gestational age
. Very high heterogene-
Middle cerebral , ity (12 = 99%), impre-
artery pulsatility 3 RC 29 MD 0.43 (95% SN ’
index (MCA- RCTs 1 CI-0.12 t0 0.98) cision, inconsistent Very Low
PI) ’ ’ Doppler assessment
methods
MD 178.39 ¢ Moderate heterogenei-
Birth weight 6 RCTs ~700 (95% CI1 61.48— | B> Vary mg(flsease Moderate
295.30) severity and treatment
’ protocols
Gestational age MD 0.73 weeks Imprecision, incon-
¢ deli g 5 RCTs ~650 (95% CI—0.16 to | sistent treatment ef- Low
at delivery 1.62) fects across studies
Limited event num-
0,
Stillbirth 5 RCTs ~800 1317‘7{?%35 % CI | bers, variability in Moderate
) ) FGR severity
Imprecision due to
- V)
glei(t)natal mor 4 RCTs ~700 8%{ 01%1_2(9250? relatively small num- Moderate
Y ) ) ber of events
Persistent pul- .
monary hyper- OR 4.37 (95% ?&’Eiiidaﬁﬁf'iiﬁf
tension of the 2 RCTs ~400 CI1 49 1280 despite sionifi Low
newborn 49-12.80) espl'getslgm icant
association
(PPHN)
Severe intra- . .
: Wide confidence in-
0,
EZ?;f)lrcr?l?re 2 RCTs ~400 8%{ 01 6572—3(945 S) terval, limited number Low
(IVH) g ) ’ of events
. Imprecision and varia-
- 0,
NICU admis 4 RCTs ~700 10“7‘7(}?6285 7 CU [ bility in NICU admis- | Moderate
) ) sion criteria

Abbreviations: CI = confidence interval; GRADE = Grading of Recommendations Assessment, Development
and Evaluation; MD = mean difference; OR = odds ratio; RCT = randomized controlled trial; RR = risk

ratio.

DISCUSION

This systematic review and meta-
analysis examined the effects of antenatal
sildenafil citrate on fetoplacental Doppler
indices and perinatal outcomes in pregnan-
cies complicated by fetal growth restriction
(FGR). The pooled results demonstrated
that sildenafil administration was associat-
ed with a significant reduction in umbilical
artery pulsatility index (UA-PI) and a mod-
est increase in birth weight. However, these
physiological improvements did not trans-
late into significant differences in middle
cerebral artery pulsatility index (MCA-PI),

gestational age at delivery, stillbirth, neona-
tal mortality, or neonatal intensive care unit
(NICU) admission. Importantly, an in-
creased risk of persistent pulmonary hyper-
tension of the newborn (PPHN) was ob-

served.(3,5,8)
The observed reduction in UA-PI
supports the biological rationale for

sildenafil use in FGR, as it reflects de-
creased placental vascular resistance and
improved uteroplacental perfusion. This
finding is consistent with several smaller
randomized and observational studies re-
porting significant improvement in uterine
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and umbilical artery Doppler indices fol-
lowing sildenafil therapy.(8) These hemo-
dynamic changes align with the known
mechanism of phosphodiesterase type-5
inhibition, which enhances nitric oxide-
mediated vasodilation within the placental
circulation.(3,4)

Despite improvements in UA-PI,
sildenafil did not significantly affect MCA-
PI in our pooled analysis. This suggests that
although sildenafil may reduce placental
resistance, it does not consistently reverse
fetal circulatory redistribution once brain-
sparing physiology has developed. Doppler
studies have shown that changes in MCA-
PI represent advanced fetal adaptation to
chronic hypoxia and may be less amenable
to pharmacological modulation.(2) This
dissociation between placental and fetal
cerebral Doppler responses may explain the
limited impact of sildenafil on downstream
perinatal outcomes.

The modest increase in birth weight
observed in the sildenafil group is con-
sistent with findings from individual trials
reporting improved fetal growth parame-
ters, particularly in pregnancies diagnosed
at later gestational ages or in cases with less
severe placental disease.(6,10,13) Howev-
er, the absence of a significant effect on
gestational age at delivery suggests that ac-
celerated fetal growth did not meaningfully
prolong pregnancy. This finding is clinical-
ly relevant, as prolongation of gestation
remains a key determinant of neonatal sur-
vival and morbidity in pregnancies compli-
cated by FGR.

Crucially, improvements in Doppler
indices and birth weight were not accompa-
nied by reductions in stillbirth, neonatal
mortality, or NICU admission. These null
findings are consistent with results from
large multicenter randomized controlled
trials, including the STRIDER studies,
which failed to demonstrate clinical benefit
despite evidence of physiological effects.
(7,9) These data support the concept that
pharmacologically induced vasodilation
alone is insufficient to overcome the struc-
tural and functional limitations of a severe-
ly impaired placenta.

The most concerning finding of this

meta-analysis is the increased risk of
PPHN associated with antenatal sildenafil
exposure.(3) This safety signal is con-
sistent with findings reported by Pels et al.,
which substantially altered the safety pro-
file of sildenafil in FGR. Although the ex-
act mechanism remains unclear, it has been
hypothesized that prenatal modulation of
pulmonary vascular tone may interfere
with normal postnatal pulmonary vascular
adaptation. Given that PPHN is a severe
and potentially life-threatening neonatal
condition, this risk substantially outweighs
the modest physiological benefits ob-
served.

Several included studies demonstrat-
ed methodological limitations, including
small sample sizes, unclear allocation con-
cealment, and incomplete outcome report-
ing. Smaller single-center studies generally
reported greater improvements in Doppler
indices and fetal growth parameters than
larger multicenter trials, such as the
STRIDER studies, which demonstrated
limited clinical benefit and raised im-
portant neonatal safety concerns. These
differences suggest that studies with a
higher risk of bias may have contributed to
overestimation of treatment effects, partic-
ularly for surrogate Doppler outcomes.

Sensitivity analyses qualitatively
suggested that exclusion of studies with
greater methodological limitations attenu-
ated the pooled effect size for several Dop-
pler-related outcomes. However, the over-
all conclusions regarding the absence of
significant benefit in major perinatal out-
comes and the increased risk of PPHN re-
mained unchanged. Therefore, the findings
of this meta-analysis should be interpreted
with caution, particularly when considering
the routine clinical use of antenatal sildena-
fil citrate in pregnancies complicated by
fetal growth restriction.

The certainty of evidence ranged
from very low to moderate across the eval-
uated outcomes based on the GRADE ap-
proach. Evidence for Doppler-related out-
comes, particularly UA-PI and MCA-PI,
was downgraded because of substantial
heterogeneity, small sample sizes, and
methodological variability among included
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studies. Although birth weight demonstrat-
ed a statistically significant improvement,
the certainty of evidence was considered
moderate because of inconsistency in treat-
ment protocols and disease severity across
trials. Similarly, evidence for major clinical
outcomes such as stillbirth, neonatal mor-
tality, and NICU admission was limited by
imprecision and relatively low event num-
bers. Importantly, the evidence regarding
PPHN was considered low certainty be-
cause only a limited number of studies con-
tributed to the analysis despite the observed
significant association. These findings
highlight the important distinction between
statistically significant physiological im-
provements and clinically meaningful peri-
natal benefits.

In addition, smaller single-center tri-
als generally reported larger treatment ef-
fects than larger multicenter studies, sug-
gesting that methodological and clinical
variability may have contributed to hetero-
geneity across outcomes.

Taken together, our findings indicate
that although antenatal sildenafil citrate im-
proves certain fetoplacental hemodynamic
parameters and birth weight, these changes
do not translate into meaningful improve-
ments in perinatal survival or morbidity and
may expose neonates to significant harm.
Therefore, sildenafil should not be recom-
mended as routine therapy for pregnancies
complicated by FGR. Future research
should focus on identifying clearly defined
subgroups, such as late-onset FGR with
preserved placental reserve, and on eluci-
dating the mechanisms underlying sildena-
fil-associated neonatal pulmonary compli-
cations.

Limitations

This study has several limitations
that should be considered when interpreting
the findings. First, substantial heterogeneity
was observed across several pooled out-
comes, particularly for Doppler-related in-
dices such as UA-PI and MCA-PIL. This
heterogeneity likely reflects differences in
gestational age at recruitment, severity of
fetal growth restriction, sildenafil dosing
regimens, duration of therapy, and Doppler

assessment protocols among the included
studies.

Second, several included trials were
relatively small single-center studies with
varying methodological quality, including
unclear allocation concealment and incom-
plete outcome reporting, which may have
influenced pooled effect estimates. Smaller
studies generally demonstrated greater
physiological benefits than larger multicen-
ter trials, raising the possibility of overesti-
mation of treatment effects for surrogate
outcomes.

Third, formal quantitative sensitivity
analyses were limited by the relatively
small number of studies available for sev-
eral pooled outcomes. Formal assessment
of publication bias and small-study effects
was also restricted for the same reason.
Consequently, publication bias and small-
study effects cannot be completely exclud-
ed.

Fourth, although improvements were
observed in selected fetoplacental Doppler
parameters and birth weight, these surro-
gate physiological outcomes did not con-
sistently translate into meaningful improve-
ments in major perinatal outcomes such as
stillbirth, neonatal mortality, or NICU ad-
mission. Therefore, the clinical signifi-
cance of the observed Doppler improve-
ments remains uncertain..

Finally, this review protocol was
not prospectively registered in PROSPERO
or any other international registry, which
may have increased the risk of selective
reporting bias. In addition, the certainty of
evidence for several outcomes was down-
graded because of heterogeneity, impreci-
sion, and a limited number of events.

CONCLUSION

A total of 12 randomized controlled
trials were included in this meta-analysis.
Sildenafil citrate significantly reduced the
umbilical artery pulsatility index (UA-PI)
compared with placebo (MD = —0.22; 95%
CI: —0.33 to —0.11; p < 0.0001), suggesting
an improvement in fetoplacental hemody-
namics. Sildenafil treatment was also asso-
ciated with a significant increase in birth
weight (MD = 178.39 g; 95% CI: 61.48—
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295.30; p = 0.003). However, no significant
benefits were observed in middle cerebral
artery pulsatility index (MCA-PI), gesta-
tional age at delivery, stillbirth, neonatal
mortality, severe intraventricular hemor-
rhage, or NICU admission.

Importantly, sildenafil citrate was
associated with a significantly increased
risk of persistent pulmonary hypertension
of the newborn (PPHN) (OR = 4.37; 95%
CI: 1.49-12.80; p = 0.007), raising substan-
tial concerns regarding neonatal safety.
Therefore, although sildenafil may improve
selected surrogate physiological outcomes,
current evidence does not demonstrate a
clear benefit in major perinatal outcomes.
Given the observed safety signal for PPHN
and the heterogeneity across the included
studies, antenatal sildenafil citrate should
not currently be recommended as routine
therapy for fetal growth restriction outside
carefully monitored research settings.
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