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e Sildenafil citrate and uteroplacental perfusion in 
fetal growth restriction
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Background: To determine whether the phosphodiesterase type 5 inhibitor, Sildenafil citrate, affects uteroplacental perfusion. 
Materials and Methods: Based on a randomized double-blinded and placebo-controlled trial, forty one pregnant women with 
documented intrauterine growth retardation at 24-37 weeks of gestation were evaluated for the effect of a single dose of Sildenafil 
citrate on uteroplacental circulation as determined by Doppler ultrasound study of the umbilical and middle cerebral arteries. 
Statistical analysis included χ2-test to compare proportions, and independent-samples t-test and paired student’s t-test to compare 
continuous variables. Results: Sildenafil group fetuses demonstrated a significant decrease in systolic/diastolic ratios (0.60 [SD 
0.40] [95% Cl 0.37-0.84], P=0.000), and pulsatility index (0.12 [SD 0.15] [95% Cl 0.02-0.22], P=0.019) for the umbilical artery and a 
significant increase in middle cerebral artery pulsatility index (MCA PI) (0.51 [SD 0.60] [95% Cl 0.16-0.85], P=0.008). Conclusion: 
Doppler velocimetry index values reflect decreased placental bed vascular resistance after Sildenafil. Sildenafil citrate can improve 
fetoplacental perfusion in pregnancies complicated by intrauterine growth restriction. It could be a potential therapeutic strategy to 
improve uteroplacental blood flow in pregnancies with fetal growth restriction (FGR).
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In a normal pregnancy, the trophoblast produces 
nitric oxide (NO) which plays an important role in 
vasodilatation in the fetoplacental circulation to improve 
oxygen and nutritional supply to the fetus.[6,7] Nitric oxide 
relaxes arterial and venous smooth muscle potently 
and might inhibit platelets aggregation and adhesion. 
Nitric oxide donors, as vasodilating agents, must be the 
possible therapeutic approach for embryo development 
and fetus growth. The umbilical vein endothelial cells in 
FGR do not respond to chronic hypoxia, which may lead 
to fetoplacental vasoconstriction.[8] As a locally potent 
vasodilator, nitric oxide helps regulate perfusion by 
counter balancing the effects of other vasoactive agents.[9]

Moreover, increased circulating phosphodiesterase (PDE) 
activity is suspected in women with preeclampsia. [10] In 
pregnancies with fetal growth restriction and without 
preeclampsia, a reversible increased myometrial arterial 
tone by phosphodiesterase inhibition has been reported 
in vitro.[11]

Sildenafil citrate is a selective inhibitor of cyclic guanosine 
mono phosphate (cGMP)–specific phosphodiesterase 
(PDE)-5 and enhances the relaxation and cyclic guanosine 
mono phosphate (cGMP) accumulation elicited by 
exogenous and neural-released nitric oxide in corpus 
cavernosum.[12] Sildenafil citrate increases uterine blood 
flow and potentiates estrogen-induced vasodilation.[13] 

INTRODUCTION

Excluding fetal anomalies, after prematurity, fetal 
growth restriction (FGR) is the second common cause 
of perinatal morbidity.[1] It has been long recognized 
that in preeclampsia, a severe maternal endothelial 
dysfunction must be identical placental pathology to 
that underlying fetal growth restriction.[2] Vascular 
endothelial activation is also present in pregnancies 
with fetal growth restriction without preeclampsia. [3] 
Pregnancies with fetal growth restriction are 
associated with elevated peripheral resistance in the 
maternal arterial system as seen in pregnancies with 
preeclampsia.[4] A poor perinatal outcome is expected 
in pregnancies with high vascular resistance in 
uterine circulation, but the pregnancies in which the 
resistance values are normalized in the later trimesters 
have a significantly better outcome.[5]
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Intravaginal administration of Sildenafil in the success of  
in vitro fertilization describes no deleterious effects on mother 
and fetus.[14] The Natural Killer Cells activity and endometrial 
thickness were significantly changed after vaginal Sildenafil 
therapy so it might be an interesting therapeutic option before 
conception in women with recurrent reproductive failure. [15] 
A study showed that intravenous Sildenafil in newborn 
piglets reversed increased pulmonary vascular resistance 
induced by meconium aspiration syndrome.[16]

In an animal study on guinea pigs, low doses of Sildenafil 
favored fetal tolerability to induced intrapartum asphyxia 
and high doses of Sildenafil increased the fetal weight by 1.5 
times. [17] Improved growth of a fetus with growth restriction 
whose mother is treated with Sildenafil for pulmonary 
hypertension is noted.[18] Incubation with Sildenafil citrate 
limits the effects of vasoconstrictors on myometrial small 
arteries of normal pregnancy women and pregnant women 
with fetal growth restriction.[19] So that phosphodiesterase 
inhibitors seem to improve uterine perfusion safely in 
pregnancies with fetal growth restriction. We intended 
to administer Sildenafil in pregnancies with fetal growth 
restriction in an attempt to induce vasodilatation and improve 
uteroplacental perfusion resulting in improved Doppler 
indices.

Reduced flow / increased resistance in uterine and umbilical 
arteries, indicative of reduced uteroplacental flow in 
pregnancies with fetal growth restriction, has been documented 
by noninvasive Doppler ultrasound velocimetry.[20] Fetal brain 
perfusion in pregnancies with fetal growth restriction shows 
clear regional variations, which changes with progression of 
hemodynamic deterioration. The presence of neurological 
damage in frontal lobe networking, limbic system and 
hippocampus can be associated with an impaired blood 
supply.[21] The blood flow centralization process preserves 
brain oxygen supply in the presence of chronic hypoxia, 
identified clinically by a reduced Doppler pulsatility index (PI) 
in the middle cerebral artery (MCA).[22] In pregnancies with 
fetal growth restriction, we tried to investigate Sildenafil effect 
on both brain sparing phenomenon and placental circulation 
by Doppler flow velocimetry in middle cerebral arteries and 
umbilical artery, respectively.

The main aim of this study was to decrease the poor 
perinatal outcome expected in pregnancies with high 
vascular resistance in the uterine circulation, because we 
believe that normalizing the resistance values in later 
trimesters results in a significantly better outcome.

MATERIALS AND METHODS

This double-blind, placebo-controlled study was conducted 
in Iran. Based on routine examination in the prenatal care 

clinic in Arash University Hospital, 76 women 24-37 weeks 
gestation were identified as pregnancies with Intra Uterine 
Growth Retardation (IUGR) between June 2008 and 
February 2010. The percentage of sonographic estimate 
was within 3% of actual birth weight. Pregnancies with 
fetal anomalies or chromosomal abnormalities, maternal 
cardiovascular morbidity, users of any vasodilator agents, 
diastolic blood pressure more than 110 mmHg and maternal 
obesity (body mass index (BMI)>34) were excluded. The 
patients had undergone ultrasound examination in the first 
trimester for accurate evaluation of the gestational age and 
after the first trimester to identify structural malformations. 
They all underwent ultrasound biometry at the second and 
third trimesters. In a prospective study, 59 patients without 
exclusion criteria agreed to randomization to either a single 
dose of Sildenafil citrate or placebo. Pregnancy category for 
this drug is B and pharmacokinetic data suggest 25-50 mg 
of Sildenafil administered orally as the initial dose for most 
patients. A large increase in circulating plasma volume 
during pregnancy may alter Sildenafil pharmacokinetics. 
Each participant signed an informed written consent form 
prior to randomly receiving a 50 mg tablet of Sildenafil 
citrate or placebo orally in a double blind manner. Maximum 
observed plasma concentration must reach within 30-120 
minutes of oral dosing. A local pharmacy prepared the 
oral tablets for our study from a domestic manufacturer 
(Zahravi). The study was approved by the ethics committee 
of Tehran University of Medical Sciences, Iran.

Pulsed-wave Doppler velocimetry measurements were 
performed with color flow Doppler guidance on the 
umbilical and middle cerebral arteries with an angle 
of insonation of <30°, before and after 2 hours of tablet 
ingestion. Patients were asked about drug complications 
and fetal movement changes. Vascular flow velocity 
investigation was carried out by means of color Doppler 
imaging system Medisone, Accuivix v20 equipped with a 
3.5-5 MHz convex transducer and a 100 Hz high pass filter, 
between 11 am and 2 pm by one experienced well-known 
operator in our center. Pregnant women were examined in 
a semi-recumbent position and after identification of the 
umbilical and middle cerebral arteries, the recording was 
performed at the apparent entrance point into the placenta 
for the umbilical artery and into the Willis Circle for middle 
cerebral arteries. The systolic/diastolic ratio (S/D), resistance 
index (RI) and pulsatility index (PI) for the middle cerebral 
and umbilical arteries were obtained by averaging the 
value of three consecutive waveforms and then the total 
average systolic/diastolic ratio (S/D), resistance index (RI) 
and pulsatility index (PI) from the left and right middle 
cerebral artery and total average systolic/diastolic ratio 
(S/D), resistance index (RI) and pulsatility index (PI) from 
the both umbilical arteries were calculated. The outcome 
was defined as the improvement of uteroplacental perfusion 
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measured by Doppler indices. Statistical analysis included 
χ2-test to compare proportions, and independent–samples 
independent-samples t-test and paired student’s t-test to 
compare continuous variables. The significance level was 
set at <0.05, power=95%.

CONCLUSION

Fifty-nine pregnant women with fetal growth restriction 
(FGR) were divided into two groups, 30 in the placebo and 
29 in the Sildenafil group. Unfortunately, 3 patients in the 
placebo and 15 in the Sildenafil group refused to undergo 
Doppler velocimetry for the second time.

Maternal characteristics were significantly similar between 
the two groups [Table 1]. Among the 41 pregnancies, there 
were 6 with oligohydramnios (14/6%, 4 in the case and 
2 in the control group), 3 with hypertension (7/3%, all in 
the control group) and 1 with previous stillbirth (in the 
placebo group). This study included 38 asymmetric (92/7%) 
and 3 symmetric (7/3%) fetuses with growth restriction. 
All symmetric ones were in the control group. Two hours 
after tablet ingestion, 1 in the Sildenafil and 2 in the 
placebo group expressed headache and 1 in the placebo 
group reported flushing but there was no report of nausea, 
myalgia and arthralgia. However, nine in the placebo and 
3 in the Sildenafil group reported better fetal movement. 
The means (95% CI) of the umbilical artery (UA) pulsatility 
index (PI) and Systolic/Diastolic ratio(S/D) significantly 
decreased 2 hours after Sildenafil ingestion as compared 
to the placebo group [Table 2]. Mean umbilical artery 
systolic/diastolic ratio (UA S/D) significantly decreased in 
the Sildenafil group as compared to the the placebo group 
(0.60 [SD 0.40] [95% Cl 0.37-0.84], P=0.000). Mean umbilical 
artery pulsatility index (UA PI) significantly decreased in 
the Sildenafil group in comparison with the placebo group 
(0.12 [SD 0.15] [95% Cl 0.02-0.22], P=0.019. In middle cerebral 
arteries, a significant increase (95% CI) was noted in mean 
Pulsatility Index (PI), resistance index (RI) and Systolic/
Diastolic ratio (S/D) after Sildenafil administration [Table 3]. 
Mean Middle Cerebral Artery Pulsatility Index (MCA PI) 
significantly increased in the Sildenafil group (0.51 [SD 0.60] 
[95% Cl 0.16-0.85], P=0.008).

No significant improvement was detected in the perfusion 
of umbilical and middle cerebral arteries in the control 
group [Tables 2 and 3]. Mean (95% CI) umbilical and middle 
cerebral arteries pulsatility index and systolic/diastolic ratio 
were similar before and after placebo.

DISCUSSION

This study investigated the effect of Sildenafil citrate on 
uteroplacental perfusion in FGR pregnancies and concluded 
that Sildenafil 50 mg was associated with significant changes 
in the fetoplacental Doppler flow velocimetry waveforms, 
as compared to controls. This hypothesis stems from 
the similarities between the pathophysiology associated 
with preeclampsia and FGR due to a relative placental 
hypoperfusion. The study showed that FGR pregnancies 
treated with Sildenafil showed significant improvements in 
umbilical and middle cerebral arteries Doppler velocimetry.

One study showed that birth weight was significantly lower 
in patients with persistently abnormal velocimetric profile 
versus those with normal velocimetry at 24 weeks or those 
with later normalization.[5] Efforts for later normalization of 
fetoplacental perfusion in FGR pregnancies with placental 
abnormalities might increase birth weight. Growth 
restriction caused by placental abnormalities is usually the 
consequence of inadequate substrates for fetal metabolism 
and decreased oxygen availability.[23] Availability of nutrients 
to the fetus plays a crucial role in fetal growth, and fetal 
overgrowth observed in diabetic pregnancies results from 
increased substrate availability that stimulates fetal insulin 
secretion and fetal growth. To achieve optimal fetal growth, 
adequate blood flow in uteroplacental vascular function is 
essential. Abnormal vasculature adaptation, resulting in 
aberrant blood flow, has been implicated as a possible cause 
of fetal growth restriction (FGR). Sildenafil, as a vasodilator, 
should be an alternative in the treatment of Intra Uterine 
Growth Retardation (IUGR) and preeclampsia by later 
normalization in velocimetric profile. As a therapeutic agent 
in FGR gestations by promoting myometrial small artery 
vasodilatation, reducing in maternity peripheral resistance 
and increasing flow within the uteroplacental bed, can 
improve uteroplacental perfusion. PDE-5 inhibitors can 
reduce vasoconstriction and improve relaxation of FGR 
myometrial small arteries.

Not only an extensive report of the preclinical evaluation 
could not demonstrate any evidence of teratogenicity by 
Sildenafil, even at doses much higher than that evaluated 
in the present study but also for preeclampsia treatment, 
Sildenafil in the escalating dose regimen 20-80 mg tid was well 
tolerated, without increasing in maternal or fetal morbidity 
or mortality.[24] It might safely reduce perinatal morbidity 
and mortality increasing uteroplacental impaired perfusion.

Table 1: Maternal characteristics (data are presented as 
mean±SD)

Sildenafil (n=14) placebo (n=27) 
Maternal age (years) 25.64 ± 1.5 32.0 ± 0.2
P value (0.4) 0.39
Gestational age (weeks) 35 ± 2 35 ± 2
P value 0.86 0.86
Parity 0.64 ± 1 0.52 ± 1
P value 0.74 0.73
Maternal weight 67 ± 8 68 ± 7
P value 0.68 0.69
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Although there is no study on its placental transfer, Sildenafil 
has a relatively low molecular weight and might cross the 
placenta and exert a direct effect on fetoplacental circulation 
as a mild NO donor in the peripheral vasculature. No 
significant difference was observed in drug complications 
attributed to Sildenafil in single 50 mg therapy. Common 
adverse reactions of the administration of Sildenafil citrate 
in erectile dysfunction including headache, flushing, 
dyspepsia, nasal congestion, urinary tract infection, 
abnormal vision and diarrhea, which have been reported 
in clinical trials, may also be observed in its prospective 
use in pregnancy.[25]

The better fetal movement which was observed in the 
control group could be due to the placebo effect.

It would have been useful to compare the changes of 
Doppler indices of the uterine arteries possibly induced by 
Sildenafil. Although Samangaya et al. ruled out prolonged 
pregnancy in women with preeclampsia using Sildenafil. [24] 
To our knowledge, there is no report to determine the 
changes in uteroplacental perfusion induced by PDE-5 
inhibitors. Although Sildenafil might actually improve 
fetal well being and mitigate growth retardation associated 
with placental insufficiency, it may not be an appropriate 
therapeutic strategy in all FGR pregnancies apparently. 
In cases with no genetic abnormalities, especially with 
impaired fetal Doppler velocimetry, the findings of our 
study could justify a clinical trial investigating whether 
Sildenafil citrate administration may lead to improved 
fetal well being. Our findings would have been much more 
reliable if we had enough FGR pregnancies with impaired 
Doppler indices to assess the hypothesis more accurately.

The increased risk of hypertension, diabetes mellitus and 
coronary artery diseases in subjects with a history of long-
term deficient growth in the uterus is well documented. 
The implications of Sildenafil for increasing fetal weight in 
FGR pregnancies have to be considered for future studies.
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