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Volume 6, Issue 15, Sep 2024 Background: Intrauterine Growth Restriction (IUGR) is a challenging condition

. associated with adverse perinatal outcomes. Sildenafil Citrate, a phosphodiesterase

Received: 15 July 2024 type 5 inhibitor known for its vasodilatory effects, has been promising in improving

uteroplacental perfusion. This prospective case-control study aims to investigate the

Accepted: 25 Aug 2024 impact of Sildenafil Citrate on IUGR, evaluating its potential as a therapeutic
intervention.

Published: 05 Sep 2024 Obijective: The primary objective of this study is to determine whether the use of

Sildenafil Citrate improves uteroplacental perfusion and fetal growth in pregnancies

doi 10.48047/AFJBS.6.15.2024.9307-9314 complicated bylUGR. This study also includes evaluating neonatal outcomes, and

the overall feasibility of Sildenafil as a treatment option.

Methods: This study involves 50 pregnant women, gestational age between 25-37
weeks, diagnosed with IUGR, randomly assigned into two equal groups: a treatment
group A administered orally with 50 mg Sildenafil Citrate per day and another
treatment group B administered Sildenafil Citrate. Uteroplacental perfusion was
assessed through Doppler ultrasound measurements, and fetal growth parameters
were monitored using standard ultrasound techniques. Maternal and neonatal
outcomes, including adverse effects, were also documented.

Results: The mean age of patients in group A was 2945.2 years and group B was
28+4.5 years.Umbilical artery Doppler index significantly improved in sildenafil
treated group compared to the control group. There was a significant difference in
the mean gestational age at delivery in treatment group A compared to the group B
(p value= 0.03). Birth weight in neonates of treatedparticipants was significantly
higher as compared to the control group (p <0.001). A significant reduction in NICU
admission was found in the new-borns in Sildenafil Citrate treated participant. There
was no significant difference in the pregnancy outcomes related to oligohydramnios
in both study groups.

Conclusion: Sildenafil Citrate is effective in extending the gestation to allow
increased birth weight in patients diagnosed with IUGR. Administration of
Sildenafil Citrate also reduces the admission of neonates to NICU.
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Introduction:

Intrauterine Growth Restriction (IUGR) is a condition characterized by impaired fetal growth,
resulting in a birth weight below the 10th percentile for gestational age [1]. The pathology of
IUGR is multifactorial, and involves maternal, fetal, and placental factors. Placental insufficiency
is a common contributor, affecting nutrient and oxygen exchange between the mother and fetus
[2]. Inadequate oxygen availability in the placenta has been shown to be oneof the significant
factors that leads to compromised fetal development [3]. Genetic factors, maternal malnutrition,

hypertensive disorders, and infections also play significant roles in the etiology of IUGR [4].

Maternal factors that contribute significantly to IUGR include hypertension, malnutrition, and
infections. Hypertensive disorders, especially preeclampsia is known to restrict blood flow to the
placenta, thereby affecting fetal nutrition [5]. Maternal malnutrition due to inadequate dietary
intake or underlying health conditions also limits the availability of essential nutrients for fetal

growth. Antenatal infections such as intrauterine infections can directly impact fetal development
[6].

Fetal factors associated with [JUGR encompass elevated levels of urinary Protein S100B, genetic
mutations of Insulin-like Growth Factor 1 (IGF1) or its receptor and SHOX, all of which are
linked to growth-related impairments. IGF1 is essential for normal growth, development, and
metabolism, while SHOX is involved in skeletal growth. Mutations in these genes can result in

growth disorders and skeletal abnormalities [4].

The potential mechanism of action of Sildenafil citrate in the context of IUGR is attributed to
its vasodilatory properties and the modulation of nitric oxide (NO) signalling [7]. As discussed
previously IUGR there is usually impaired uteroplacental blood flow, contributing to inadequate
nutrient and oxygen supply to the developing fetus. Sildenafil citrate, as a phosphodiesterase type
5 (PDE5) inhibitor, prevents the breakdown of cyclic guanosine monophosphate (cGMP), a
signaling molecule involved in smooth muscle relaxation and vasodilation [8]. By inhibiting
PDES5, Sildenafil citrate prolongs the action of cGMP, promoting vasodilation in the uterine
arteries and potentially enhancing blood flow to the placenta. This vasodilatory effect may
contribute to improved uteroplacental perfusion, addressing one of the underlying factors
associated with IUGR [9].

Method:

This study recruited 50 pregnant women within the age group of 25- 30 years to maintain
homogeneity in the study population. The population was randomly divided into two groups; one
group (A) was treated with 50g Sildenafil citrate that was administered orally once in a day and

the group B was also treated with 50mg Sildenafil citrate that was administered orally vaginally.



Hemant Deshpande /Afr.J.Bio.Sc. 6(15) (2024) Page 9309 to 10

For inclusion into the study, participant should have a confirmed diagnosis of Intrauterine Growth
Restriction based on standardized criteria, such as fetal biometry, Doppler ultrasound, and growth
percentiles. Gestational age should be between 25-37 weeks and should be able to provide written
informed consent and should agree for regular follow up. To control forpotential factors affecting
the outcome of study, only singleton pregnancies were included to avoid the influence of

multifetal gestations on IUGR.

Exclusion of participants was done if severe maternal medical conditions such as severe
hypertension, pre-eclampsia, diabetes, or other conditions were present as they might
independently impact fetal growth. Presence of structural or chromosomal abnormalities in the
fetus excluded the participant from this study. Participants with known allergies to Sildenafil
or medical contradictions, such as concurrent use of nitrate medications, were excluded. Cases
where immediate delivery was indicated due to severe fetal distress were also excluded. Patients
with history of substance abuse were excluded as this may impact fetal growth and complicate

the assessment of the intervention.

Data was analysed using GraphPad Prism 10. Umbilical Doppler index was compared using
Paired t test while as the gestational age at delivery and birthweight was analysed usingunpaired

t test. P value <0.05 was considered significant.
Results:

To ensure a homogeneous study population and control for age-related factors, we restricted
participants to age group of 25 to 30 years with average age of the population in group A being
27+4.5 years and 28+5 years in group B. Gestation was decided based on reports showing
intervention being most effective. The mean gestational age of patients at recruitment was

29.4+2.3 weeks in group A and 28+2.1 weeks in group B (Table 1).

Group A Group B

Mean Age (years) 2815 27+4.5

Mean Gestational age 29.4+2.3 28+2.1
at admission (weeks)

Table 1: Demographic data

We analysed whether the treatment with sildenafil citrate resulted in improvement in the
uteroplacental perfusion by quantifying the S/D ratio = (systolic / diastolic ratio). Resistance

index (RI) = (systolic velocity - diastolic velocity / systolic velocity). Pulsatility index (PI) as
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described previously [10, 11]. We found a significant decrease in the S/D, Rl and PI after

administration of sildenafil citrate vaginally. There was no significant difference in the

parameters in oral administered group of patients (Table 2).

Umbilical artery P Value | Umbilical artery Doppler index | P Value
Doppler index (Oral Route)
(Vaginal Route) N=25
N=25
Before After Before After Treatment
Treatment | Treatment Treatment

S/ID 43+0.2 41+0.3 <0.05 46+0.1 45+ 0.4 0.2312
RI | 0.79+0.01 |0.73+£0.02 | <0.0001 0.78 + 0.04 0.77 £0.02 0.2691
Pl | 1.92+0.02 | 1.88+0.02 | <0.0001 1.93 £ 0.03 1.94 £ 0.01 0.1204

Table 2: Umbilical artery Doppler index

We further looked at the gestational age at delivery to assess whether there was any prolongation
of gestation after treatment. We found that, in vaginal administered group gestational age at
delivery was significantly higher when compared to the oral administered group (p= 0.03). We
also found that birthweight in the babies born from vaginal administered group was significantly
higher compared to oral administered group (p <0.001) (Table 3).

Vaginal Route Oral Route P- Value
Mean Gestational Age 35.92+14 35.6+ 1.52 0.03
at delivery (weeks)
Birth weight (gram) 2075.48 £ 250.1 18341.2 £ 289.82 <0.001

Table 3: Comparison of gestational age and birthweight.

We also analysed the neonatal outcomes in both the study groups. We found that 84% new- borns
delivered in vaginal administered group were alive while as in oral administered group 72% were

born alive. 44% of neonates in group B were admitted to NICU while 60% of neonates in group
A were admitted to NICU.

Neonatal Outcomes

Vaginal Route Percentage Oral Route Percentage
(frequency) (Frequency)
Live birth 21 84 18 72
Admission to NICU 11 44 15 60

Table 4: Neonatal outcomes

We also evaluated the impact of oral and vaginal administration on the Amniotic Fluid Index (AFI) at

three different time points: before administration, after 1 week, and after 2 weeks. Initially, the AFI was
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similar between the two groups, with the oral administration group having an AFI of 5.84 + 0.64 cm
and the vaginal administration group having an AFI of 5.92 + 0.72 cm (p = 0.66). After one week, the
AFl increased to 7.1 £ 0.22 cm in the oral administration group and to 6.93 = 0.14 cm in the vaginal
administration group, however the difference in the two groups was not statistically significant (p =
0.26). After two weeks, the AFI further increased to 9.22 + 0.32 c¢cm for oral administration and to 9.15
+ 0.1 cm for vaginal administration (p = 0.30). The p-values at each time point indicate that the

differences in AFI between the two administration methods were not statistically significant.

Oral administration Vaginal p-Value
AFI (cm) administration
AFI (cm)
Before 5.84+0.64 5.92+0.72 0.66
administration
After 1 week 7.1+£0.22 6.93+0.14 0.26
After 2 weeks 9.2240.32 9.15+0.1 0.30

o AFI: Amniotic Fluid Index
e Values are presented as mean + standard deviation.

e p-Value indicates the statistical significance of differences between oral and vaginal
administration methods at each time point.

Discussion:

The use of Sildenafil citrate in Intrauterine Growth Restriction (IUGR) has generated keen
interest within the field, as it has been shown to address the vascular aspects associated with
IUGR. Although limited, the current literature presents concurring and interesting findings. The
pioneering report which delves into the effect of Sildenafil citrate in treating IUGR in the context
of vascular perfusion was done by Dadelszen et al. 2011. They show that Sildenafil Citrate was

effective in late second trimester and was able to treat IUGR significantly [7].

Oral sildenafil has been more extensively studied in the management of IUGR. Several clinical
trials and observational studies have evaluated its efficacy and safety in pregnant women with
IUGR, demonstrating promising results in improving fetal growth parameters and reducing the
incidence of adverse perinatal outcomes [13-15]. In contrast, vaginal sildenafil as a treatment for
IUGR is a relatively newer approach that has gained interest among clinicians due to its potential
advantages, including targeted delivery to the uterine vasculature and avoidance of systemic side
effects associated with oral administration. However, the data regarding itsefficacy, safety, and

optimal dosing regimen is limited.

In this study we show that vaginal administration of sildenafil citrate was able significantly
improve the Umbilical artery Doppler indices that include S/D, Rl and Pl when compared to the
oral administered group. Our study was consistent with previous report by Dastjerdi et al. 2012

that shows sildenifal citrate treatment leads to a significant decrease in umbilical artery Doppler
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index [12]. Another study by Maged et al. 2018 also shows that sildenafil citrate treatment was
able to reduce the Umbilical artery Doppler index significantly [13].

Sildenafil citrate has also been reported to prolong gestation [14, 15]. Abdelshafy et al. 2019 and
Eshraghi et al. 2021 have also reported that Sildenafil citrate administration in pregnant women
diagnosed with IUGR leads to an increase in gestation age at delivery and also improves the birth
weight of new-born. We also found that the gestation age at delivery was significantly increased
in the treatment group in companion to the control group. In our studythe birth weight of new-
born was also significantly increased in treatment group compared to control group. In
concurrence with our study, these studies also show that the treatment group had more live births
and reduced NICU admissions. In contrast with this data, a recent meta- analysis by Rakhanova
et al. 2023 has shown that gestational age and neonatal death rate donot differ in the sildenafil
citrate treated group compared to the control group. However, the birthweight in the treatment

group increases significantly [16].

We further show that there is no statistically significant difference on the changes in Amniotic
Fluid Index (AFI) when sildenafil citrate is administered orally or vaginally. This study correlates
with several previous studies which have shown that sildenafil doesn’t not have a significant

impact on the pregnancy outcomes in patients with oligohydramnios [17-19].

Conclusion:

IUGR is a multifaceted condition with adverse perinatal outcomes if left untreated. Therefore,
understanding the complex interplay of these factors is crucial for early identification and
effective management of IUGR. There are certain contrasting research outcomes from various
reports regarding the neonatal outcomes in terms of live births and NICU admissions, however
the majority of literature concurs on the effectiveness of sildenafil citrate in improving the
umbilical artery index and birthweight of the new-born. Our study also contributes to the literature
to understand the safety and effectiveness of the drug in treating IUGR. However, the certain
limitation including less population size and limited parameters creates a scope for a follow up
study. Further research is needed to fully elucidate the specific mechanisms and assess the safety

and efficacy of Sildenafil citrate in managing IUGR.
References:

1. Gupta M: Intrauterine Growth Restriction. In: Primary Care of the Premature Infant.
Elsevier; 2008. 77-83.

2. Baschat AA, Hecher K: Fetal growth restriction due to placental disease. Seminars in
Perinatology. 2004, 28:67-80. 10.1053/j.semperi.2003.10.014



Hemant Deshpande /Afr.J.Bio.Sc. 6(15) (2024) Page 9313 to 10

3.

10.

11.

12.

13.

14.

Kingdom JCP, Kaufmann P: Oxygen and placental villous development: Origins of fetal
hypoxia. Placenta. 1997, 18:613-21. 10.1016/s0143-4004(97)90000-x

Sharma D, Sharma P, Shastri S: Genetic, metabolic and endocrine aspect of intrauterine
growth restriction: an update. The Journal of Maternal-Fetal &#38;amp; Neonatal
Medicine. 2016, 30:2263-75. 10.1080/14767058.2016.1245285

.Roberts JM, Escudero C: The placenta in preeclampsia. Pregnancy Hypertension: An
International Journal of Women’s Cardiovascular Health. 2012, 2:72-83.
10.1016/j.preghy.2012.01.001

Sharma D, Shastri S, Sharma P: Intrauterine Growth Restriction: Antenatal and Postnatal
Aspects. Clinical Medicine Insights: Pediatrics. 2016, 10:CMPed.S40070.
10.4137/cmped.s40070

von Dadelszen P, Dwinnell S, Magee L, et al.: Sildenafil citrate therapy for severe early-
onset intrauterine growth restriction. BJOG: An International Journal of Obstetrics
&#38;amp; Gynaecology. 2011, 118:624-8. 10.1111/j.1471- 0528.2010.02879.x
Wagner L, Kenreigh C: Sildenafil. In: xPharm: The Comprehensive Pharmacology
Reference. Elsevier; 2007. 1-4.

Kellie FJ: Vasodilators for treating intrauterine growth restriction. Cochrane Database of
Systematic Reviews. Published Online First: 12 May 2017.
10.1002/14651858.cd011978.pub2

Gosling RG, Dunbar G, King DH, et al.: The Quantitative Analysis of Occlusive
Peripheral Arterial Disease By a Non-Intrusive Ultrasonic Technique. Angiology. 1971,
22:52-5.10.1177/000331977102200109

Acharya G, Wilsgaard T, Berntsen GKR, Maltau JM, Kiserud T: Reference ranges for
serial measurements of umbilical artery Doppler indices in the second half of pregnancy.
American Journal of Obstetrics and Gynecology. 2005, 192:937-44.
10.1016/j.3j0g.2004.09.019

Maged M, Wageh A, Shams M, Elmetwally A: Use of sildenafil citrate in cases of
intrauterine growth restriction (IUGR); a prospective trial. Taiwanese Journal of
Obstetrics and Gynecology. 2018, 57:483-6. 10.1016/j.tjog.2018.06.002

Dastjerdi MV, Hosseini S, Bayani L: Sildenafil citrate and uteroplacental perfusion in
fetal growth restriction. Journal of research in medical sciences : the official journal of
Isfahan University of Medical Sciences. 2012, 17:632-6.

Abdelshafy A, Abdullah KI, Ashoush S, Hosni HE: The role of sildenafil citrate in the
treatment of fetal growth restriction: a randomized controlled trial. International Journal
of Reproduction, Contraception, Obstetrics and Gynecology. 2019, 8:1840.
10.18203/2320-1770.ijrcog20191929



Hemant Deshpande /Afr.J.Bio.Sc. 6(15) (2024) Page 9314 to 10

15.

16.

17.

18.

19.

Eshraghi N, Mohamadianamiri M, Ebrahimi M, Karimi F: The Effect of Sildenafil on
Intrauterine Growth Restriction (IUGR) of Fetus with Gestational Age above 28 Weeks
and Neonatal Outcomes. International Journal of Pediatrics. 2021, 9:13643-51.
10.22038/ijp.2021.48984.3928

Rakhanova Y, Almawi WY, Aimagambetova G, Riethmacher D: The effects of sildenafil
citrate on intrauterine growth restriction: a systematic review and meta- analysis. BMC
Pregnancy and Childbirth. 2023, 23:. 10.1186/s12884-023-05747-7

Vahid Dastjerdi M, Ghahghaei-Nezamabadi A, Tehranian A, Mesgaran M. The Effect of
Sildenafil on Pregnancy Outcomes in Pregnant Women With Idiopathic Borderline
Oligohydramnios: A Randomized Controlled Trial. J Fam Reprod Health.
2022;16(2):124-131. doi:10.18502/jfrh.v16i2.9482

Ferreira RD da S, Negrini R, Bernardo WM, Simdes R, Piato S. The effects of sildenafil
in maternal and fetal outcomes in pregnancy: A systematic review and meta-analysis.
PloS One. 2019;14(7):e0219732. doi:10.1371/journal.pone.0219732

Choudhary R, Desai K, Parekh H, Ganla K. Sildenafil citrate for the management of fetal
growth restriction and oligohydramnios. Int J Womens Health. 2016;8:367-372.
doi:10.2147/IJWH.S108370



