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What is the effect of sildenalfil citrate intake on women
undergoing assisted reproduction? A systematic review
and meta-analysis of randomized controlled trials
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sistematik bir incelemesi ve meta-analizi
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Abstract

Assisted reproductive technologies (ART) have become a vital option for women facing fertility challenges. One of the potential interventions being explored
is the use of sildenatfil citrate (SC) to improve clinical outcomes in ART procedures. The aim of this study was to assess the impact of SC on clinical outcomes
in women undergoing ART. A comprehensive literature search was conducted using multiple databases, including PubMed, Scopus, Embase, Web of
Science, and the Cochrane Central Register of Controlled Trials. The search covered studies from inception until April 15, 2023, and identified relevant
randomized controlled trials (RCTs) for inclusion in the analysis. The endpoints were summarized as risk ratio (RR) or standardized mean difference (SMD)
with 95% confidence interval (CI). After meticulous analysis, twenty-eight RCTs comprising 3,426 women were included in the study. The results revealed
significant findings regarding the impact of SC on clinical pregnancy (CP) rates. Women receiving SC demonstrated a significantly higher probability of CP
compared to the control group (n=21 RCTs, RR=1.43; 95% CI: 1.29, 1.59). Additionally, when SC was combined with other medications like clomiphene
citrate (CC) or estradiol valerate, it further improved the likelihood of CP compared to these medications alone (RR=1.35, 95% CI: 1.19, 1.53; RR=1.55,
95% CI: 1.08, 2.22, respectively). Furthermore, the study observed that the mean endometrial thickness (ET) was significantly higher in women who
received SC compared to the control group, which involved other active interventions or placebo (SMD=0.77, 95% CI: 0.20, 1.34). Particularly, the
administration of SC resulted in a notably higher ET level compared to the placebo (SMD: 1.33, 95% CI: 0.15, 2.51). The findings suggest that luteal
supplementation of SC can be considered a beneficial approach to enhance ET and improve the CP rate in women undergoing ART.
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Oz

Yardime ureme teknolojileri (YUT), dogurganlik sorunlart yasayan kadinlar i¢in hayati bir secenek haline geldi. Arastirilan potansiyel mudahalelerden
biri, YUT prosediirlerinde klinik sonuglar iyilestirmek icin sildenafil sitratm (SS) kullanilmasidir. Bu ¢alismanm amaci, YUT uygulanan kadinlarda SSnin
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Kklinik sonuclar uzerindeki etkisini degerlendirmektir. PubMed, Scopus, Embase, Web of Science ve Cochrane Central Register of Controlled Trials dahil
olmak tizere bircok veri tabani kullanilarak kapsamli bir literatiir arastirmasi yapildi. Arastirma, baslangictan 15 Nisan 2023’ kadar olan ¢alismalar kapsadi
ve analize dahil edilecek ilgili randomize kontrollti calismalart (RKC'ler) belirledi. Sonlanim noktalari, risk orant (RR) veya %95 giiven araligt (GA) ile
standartlastinlmis ortalama fark (SOF) olarak ¢zetlendi. Titiz bir analizin ardindan calismaya 3.426 kadini kapsayan 28 RKC dahil edildi. Sonuclar SS'nin
Klinik gebelik (KG) oranlar tizerindeki etkisine iliskin énemli bulgular ortaya ¢ikardi. SS alan kadinlar, kontrol grubuyla karsilastirildiginda anlamli olarak
daha yuksek KG orami gosterdi (n=21 RKC, RR=1,43; %95 GA: 1,29, 1,59). Ek olarak SS, klomifen sitrat veya ostradiol valerat gibi diger ilaclarla birlikte
kullanmildiginda, KG olasihgimi bu ilaclann tek olarak kullanimu ile karsilastinldiginda daha da artirdi (sirasiyla, RR=1,35, %95 GA: 1,19, 1,53; RR=1,55,
%95 GA: 1,08, 2,22). Ayrica bu calismada, diger aktif mudahaleleri veya plaseboyu iceren kontrol grubuyla karsilasurildiginda SS alan kadinlarda ortalama
endometrial kalmhigin (EK) anlamh derecede daha yitksek oldugu gozlemlendi (SOF=0,77, %95 GA: 0,20, 1,34). Ozellikle SS'nin uygulanmast, plaseboya
kiyasla belirgin sekilde daha yuksek bir EK seviyesiyle sonucland: (SOF: 1,33, %95 GA: 0,15, 2,51). Bulgular, SSnin luteal takviyesinin, YUT uygulanan

kadinlarda EK’yi artirmak ve KG oranini iyilestirmek icin yararh bir yaklasim olarak degerlendirilebilecegini gostermektedir.

Anahtar Kelimeler: Yardimc treme teknolojisi, sildenafil sitrat, endometrial kalinlik, kimyasal gebelik, klinik gebelik

Introduction

The global use of advanced techniques such as assisted
reproductive technology (ART) has expanded, leading to
noteworthy advancements in the treatment of infertility.
However, despite these achievements, complex challenges
persist in comprehending the intricate process of implantation
and enhancing the outcomes of ART. Further research and
advancements are necessary to address these complexities and
improve the overall success of ART procedures”.

It is crucial to conduct additional research on current
therapeutic approaches to augment the success rates of ART
due to the consistently low worldwide frequencies of embryo
implantation and gestation®. Among the intricate aspects of
ART, implantation is one of the most vulnerable and complex
processes®. It depends on numerous local and systemic
elements, including immune agents and hormonal cues™. Before
being implanted, the embryo needs to produce substances that
encourage the attachment site, whereas the decidua, conversely,
should emit substances that support the differentiation and
initial growth of the embryo. Consequently, exploring and
understanding these factors are crucial for improving the
success of ART®®. Synchronization of endometrial receptivity
and embryonic competence in a timely manner is of utmost
importance for successful embryo implantation. It is crucial
that the mentioned mediators operate within a normal range
and at the appropriate time to ensure optimal conditions for
this process™. Achieving adequate endometrial growth is a vital
requirement for successful implantation. However, the precise
understanding of the factors influencing endometrial growth
remains limited and requires further investigation®.

In recent times, significant numbers of studies have focused
on investigating angiogenesis and vascularization within the
endometrium. These studies have revealed that women with
thin endometrium often exhibit poor uterine receptivity,
which is potentially attributable to compromised blood flow
impedance through the endometrium®. Over the past 10 years,
several approaches have been examined to improve endometrial
thickness among poor endometrial responders'™1¥. Along these
lines, sildenafil citrate (SC) has been extensively examined
in previous clinical trials to gage its impact on enhancing the
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success rate of ART. This is attributed to its well-documented
vasodilatory and antithrombotic activities, making it one of the
most thoroughly researched medications in this regard®>!®.
Numerous clinical trials have been conducted, and a mounting
body of evidence suggests a beneficial effect of SC on ART
outcomes 19,

To date, 28 randomized clinical trials (RCTs) have been
performed to investigate the effect of SC on ART outcomes.
However, despite these efforts, a definitive conclusion
regarding its efficacy remains elusive, and prior studies have
not yielded strong evidence®”. Considering the substantial
debate surrounding the effectiveness of SC, we conducted a
contemporary systematic review and meta-analysis of RCTs
specifically targeted at appraising the influence of SC on various
clinical endpoints of ART.

Methods

This investigation was conducted following the guidelines
outlined in the preferred reporting items for systematic reviews
and meta-analyses statement®" and the Cochrane handbook for
systematic reviews of interventions??. This investigation was
registered in the international prospective register of systematic
reviews under the identifier CRD42023433884.

Databases and Search Strategy

To identify potential studies, a systematic search was conducted
using several databases, including PubMed, Scopus, Embase,
Web of Science, and the Cochrane Central Register of
Controlled Trials. The search encompassed the period from the
inception of each database to April 15, 2023. In addition, we
manually inspected the reference lists of pertinent published
studies with the intention of discovering any extra suitable
RCTs. The search query comprisedthe following: (“in vitro
fertilization” OR “intracytoplasmic sperm injection” OR “IVF”
OR “Embryo Transfer” OR “ICSI” AND “Sildenafil” OR “SC” OR
“Hydroxyhomosildenafil” OR “Revatio” OR “Homosildenafil”
OR “Acetildenafil” OR “Viagra”). Supplement Table 1 provides
comprehensive information regarding the search strategy
employed, including the specific terms used and database-
specific indexing terminology. No limitations were set based on
the year of publication or language during the search process.
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Table 1. Study characteristics

Study Country quy Population Intervention(s) Control OUICOmE
esign Coce || Comimall measures
Chemical
ngiilrizjr\r:::;ltaﬁ Sildenafil (vaginal pregnancy,
at least two prior suppositories, clinical
Moini et al.*? Randomized  consecutive failed IVF/ 100 mg/day’ were Plac§bo preghancy,
Iran . . : 22 22 administered from the = (vaginal miscarriage,
2020 clinical trial ~ ICSI attempts with at ) o -
least a transfer of two first day of the FSH suppositories)  endometrial
4 quality fresh or injection until the day thickness
go0¢ quanity Iresh o of oocyte retrieval. implantation
frozen-thawed embryos Fate
Womgn have Oral sildenafil citrate
experienced two or at dose 25 mg tab/6 h
. more implantation . . .
El-Sayed et Randomized : . daily from day six of i Endometrial
al.®? 2017 Egypt clinical trial faﬂure attributed to ) 0 0 induction of ovulation Nothing thickness
inadequate endometrial until dav of HCG
development. Age 20-40 a dminis)t,ration
years, (BMI):20-29
Women who had 100 mg vaginal Routine
Tehraninejad et Randomized = P oY sly at least two sﬂdenaﬁl i ) medication for | Clinical
“3) Iran . i IVF failure attempts and 36 36 suppositories daily,
al.*¥ 2018 clinical trial . frozen thawed  pregnancy
women aged below 45 starting on day 3 of cvele
years of age. menstruation 4
Chemical
Patients with previous Elr;%?;ncy’
Ataalla et al.®® Eovpt Randomized lc(;\géziznz;gan 30 30 Sildenafil 50 mg/day  Placebo 50 mg/ pregnancy,
2018 &P clinical trial . ) ) orally day orally endometrial
hyper stimulation using thickness
antagonist protocol. implantation
rate,
Women have
experienced two or
o ) more implantation ) ' -
Walfa et al. Eeypt Rgnfioml;ed failure attributed to 35 35 Sllfienafl‘l 25 mg orally Nothing Clinical
2019 clinical trial | ) twice daily pregnancy
inadequate endometrial
development, age 18-35
years.
CC 100 mg/d from )
Chemical
nd th
Kortam et al.?” Eovpt Randomized  Unexplained infertility, 45 45 iralt ziﬁierclijglocfitcr);ie, Egniggdrgg/g}h pregnancy,
2018 &YP clinical trial ~ 18-35 years. 25 mo everv 8 h from | dav of cvele endometrial
f g every yorey thickness
2" day of the cycle
Age less than 40 CC 100 mg/d from
years and more than 3nd o 7 day of cycle,
18 years, primary or oral sildenafil citrate CC 100 mg/d Chemical
Reddy et al.® India Randomized | secondary infertility, 40 40 Sildenafil (Viagra, from 3t (o 70 Pregnancy,
2016 clinical trial ~ with regular menstrual Pfizer) 25 mg twice day of evele endometrial
cycles, and normal daily was given from yorey thickness
semen parameters of the day 8 up to ovulation
husband trigger.
Women aged between C.C >0 mg orally :Z CC50mg )
: times/day from 3™ to ; Chemical
AbdelKader Randomized 18 and 40 years with 70 day of th I orally 3 times/ eonan
Fahmy et al.®®  Egypt Ancomze primary or secondary 35 35 ody OF the yee day from 3" to pregnanicy,
5015 clinical trial infertility and with with sildenafil citrate 70 dav of the endometrial
Y 25 mg (Viagra, Pfizer) Y thickness
regular menstrual cycles. cycle

orally 3times/day from
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Ashoush and
Abdelshafy®”
2019

Aboelroose et
al.02 2020

Yavangi et al.*?
2019

Vardhan et
al.®” 2019

Mangal and
Mehirishi®”
2019

Dehghani
Firouzabadi et
al."9 2019
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Eovpt Randomized
&P clinical trial
Eovpt Randomized
&P clinical trial
Iran Randomized

clinical trial
Indi Randomized
a clinical trial
India Randomized
clinical trial
Randomized

Iran

clinical trial

PCOS women, aged
21-35 years, with
clomiphene failure

Infertile women with
primary or secondary
infertility aged 18-40
years

Infertile women with
primary or secondary
infertility

Infertile women with
primary or secondary
infertility

Infertile women with
primary or secondary
infertility

Infertile women with
primary or secondary
infertility

239

40

35

40

50

40

278

40

35

40

50

40

Clomiphene citrate 50
mg, on the 2™ day of
the menstrual cycle for
5 days for a maximum
of six induction cycles.
25 mg of sildenafil
citrate orally every 6
hours till the end of the
cycle

100 mg clomiphene
citrate in tablet form
orally once daily from
days 3-7 of the cycle
and 25 mg sildenafil
citrate orally twice daily
from days 8-12 of the
same cycle.

25 mg vaginal sildenafil
four times a day+6 mg
E2 from the second or
third day of the cycle

From the first day

to the fourth day, 2
mg estradiol valerate
tablets, and from the
5" to the 8" day, 4 mg
estradiol tablets, and
from the 9* to the 12
day of the menstrual
cycle, 6 mg estradiol
valerate and sildenafil
citrate tablets orally 25
mg TDS daily from day
1 of the cycle until the
12 day.

Sildenafil citrate 25 mg
vaginally every 6 hours
for 5 days from day 8"
of the cycle and tablet
estradiol valerate 2 mg
6-8 hourly

First to the fourth

day of the menstrual
cycle, 2 mg estradiol
valerat tablets, from
the 5" to the 8" day
of the menstrual cycle,
4 mg estradiol valerat
tablets, and from the
9% to the 12 day of
the menstrual, 6 mg
estradiol valerat tablets
were given daily and
sildenafil citrate tablets
(50 mg) daily

Clomiphene
citrate 50 mg,
on the 2™ day
of the menstrual
cycle for 5 days
for a maximum
of six induction
cycles

100 mg
clomiphene
citrate in tablet
form orally once
daily from days
3-7 of the cycle

6 mg E2 from
the second or
third day of the
cycle

From the first
day to the
fourth day, 2
mg estradiol
valerate tablets,
and from the

5" to the 8"
day, 4 mg
estradiol tablets,
and from the
9% to the 12
day of the
menstrual cycle,
6 mg estradiol
valerate

Tablet estradiol
valerate 2 mg
6-8 hourly

First to the
fourth day of
the menstrual
cycle, 2 mg
estradiol
valerate tablets,
from the 5" to
the 8" day of
the menstrual
cycle, 4 mg
estradiol valerat
tablets, and
from the 9™ to
the 12 day of
the menstrual,
6 mg estradiol
valerat tablets
were given
daily.

Clinical
pregnancy,
endometrial
thickness

Clinical
pregnancy,
endometrial
thickness

Chemical
pregnancy

Chemical
pregnancy,
clinical
pregnancy,
endometrial
thickness

Clinical
pregnancy,
endometrial
thickness

Clinical
pregnancy,
endometrial
thickness
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Alieva et al.“#®
2012

Kim et al.“#
2010

Abdullah et
al. % 2021

Belapurkar et
al.# 2022

Mohammed et
al. 19 2023

Dawood et al.“”
2020

Mohamed et
al.1® 2022

Gupta et al.“#V

2021

) Randomized
Russia - )
clinical trial
Randomized
Korea . )
clinical trial
- Randomized
4 clinical trial
. Randomized
India . )
clinical trial
Ira Randomized
4 clinical trial
e Randomized
4 clinical trial
Eveent Randomized
Yeep clinical trial
India Randomized

clinical trial

Women with tubal
infertility who had
undergone at least

2 unsuccessful IVF

and embryo transfer
attempts when 23 25
transferred embryos
were of high quality and
disturbances in uterine
hemodynamics were
present

Women with a thin

endometrium (<8 mm:

range 5 to 7.9 mm) 21 27
at the time of embryo

transfer undergoing IVF

Infertile female

patients who undergo
stimulated intra-uterine
insemination

25 25

Infertile women with
primary or secondary 35 35
infertility

Infertile women who
were undergoing
intracytoplasmic sperm
injection

30 30

Women with
unexplained, primary or
secondary infertility who
have thin endometrium

30

PCOS women, aged 20-
35 years, with primary 50 50
or secondary infertility

Infertile women with
primary or secondary 38 42
infertility

Sildenafil citrate in the
IVF cycle

Vaginal sildenalfil 25
mg/d + oral estradiol
valerate 4 mg/d from
day of embryo transfer
until pregnancy test
(11 days)

Sildenafil citrate 50
mg vaginally every 12
hours from day 5 of
the cycle for 8 days +
letrozole 5 mg at cycle
day 2 for 5 days

Self-administer
non-clinically vaginal
sildenafil citrate 25
mg every six hours
from day seven to day
12 of the menstrual
cycle

Sildenatfil citrate 25
mg vaginally every
6 hours from day of
stopping of cycle to
day of HCG

Sildenafil citrate 25
mg vaginally every 6
hours

Sildenafil (seldin 25
mg tab), oral tab was
given every 12 hours
every day starting
from day 3 of the
period till leading
follicle size reaches
about 18-20 mm +
clomiphene citrate
(clomid 50 mg tab)
two tablets every 24
hours

Sildenafil citrate 25
mg vaginally every

6 hours + 50 mg
clomiphene citrate in
tablet form orally once
daily from days 1-5 of
the cycle

Nothing

Nothing

Letrozole 5 mg
at cycle day 2
for 5 days

intrauterine
G-CSF
injection (300
mcg/1 mL)
four days after
the last day of
menses

Nothing

Estradiol
valerate 2
mg tablet 12
hourly

Clomiphene
citrate (clomid
50 mg tab) two
tablets every
24 hours

50 mg
clomiphene
citrate in tablet
form orally
once daily
from days 1-5
of the cycle

Clinical
pregnancy,
endometrial
thickness

Clinical
pregnancy

Clinical
pregnancy,
endometrial
thickness

Endometrial
thickness

Clinical
pregnancy

Clinical
pregnancy,
Endometrial
thickness

Clinical
pregnancy

Clinical
pregnancy
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Abbas et al.®?
2021

ELkhouly et
al.®» 2022

El-Asbaa et
al.0? 2021

Abdel Hamid et
al.©®” 2021

Wafa et al.*%
2022

El-ghany et
al.®” 2022

Eygept

Eygept

Eygept

Eygept

Egypt

Egypt

Randomized
Clinical trial

Randomized
clinical trial

Randomized
clinical trial

Randomized
clinical trial

Randomized
clinical trial

Randomized
clinical trial

Infertile women

with PCOS women
undergoing induction of
ovulation

Infertile women aged
between 18 and 35 years
old diagnosed with PCO

Infertile women
undergoing induction
by clomiphene citrate
attending infertility and
unit

Infertile women aged
between 18 and 35
years with primary or
secondary infertility

Infertile women aged
between 18 and 35
years with primary or
secondary infertility

Infertile women aged
between 20 and 35
years with primary or
secondary infertility

216

100

22

29

75

100

216

100

22

29

75

100

Sildenafil citrate 25
mg vaginally every

6 hours + 50 mg
clomiphene citrate in
tablet form orally once
daily from days 1-5 of
the cycle

Patients who were
given sildenafil, 20
mg coated tablets
from the seventh day
to 1" day of the cycle
three times per day
orally + clomiphene
citrate 50 mg was
given from the 3™ day
to seventh day of the
same cycle two times
per day orally.

Sildenafil citrate 25
mg was given every 8
hour from 2™ day of
the cycle till the day
of trigger of ovulation

Vaginal sildenafil
tablets 25 mg/12 h
daily was given from
day 8 up to ovulation
trigger + 50 mg CC
(clomid) orally 2
times/day from day 3
to day 7 of the cycle.

Sildenafil citrate, 20
mg from cycle day
8 till cycle day 13 in
dose of 20 mg every
8 hours

Aromatase inhibitor
(letrozole 2.5 mg)

1 tablet twice daily
for induction of
ovulation for five-
days, beginning
from the 2™ day of
cycle, and Sildenafil
citrate: 1 tablet
three times per day
from with the start
of Letrzole therapy
until the day of HCG
administration.

50 mg
clomiphene
citrate in tablet
form orally
once daily
from days 1-5
of the cycle

Patients who
were given
clomiphene
citrate 50 mg
from the third
day to seventh
day of the cycle
two times per
day orally

Oral estradiol
valerate 2 mg,
one tablet
every 12 hour
from day 8"
of the cycle till
triggering of
ovulation

50 mg CC
(clomid) orally
2 times/day
from day 3 to
day 7 of the
cycle.

Placebo tablets
from cycle day
8 till cycle day
13 orally every
8 hours

Aromatase
inhibitor
(letrozole 2.5
mg) 1 tablet
twice daily

for induction
of ovulation
for five-days,
starting from
the 2" day

of cycle and
Placebo tablets:
1 tablet three
times per day
from with the
start of letrzole
therapy

until the

day of HCG
administration.

Clinical
pregnancy

Chemical
pregnancy,
live birth and
miscarriage

Clinical
pregnancy,
endometrial
thickness

Chemical
pregnancy,
endometrial
thickness

Chemical
pregnancy,
endometrial
thickness

Clinical
pregnancy,
Endometrial
thickness

CC: Clomiphene citrate, PCOS: Polycystic ovary syndrome, HCG: Human chorionic gonadotropin, FSH: Follicle stimulating hormone, BMI: Body mass index, IVF: In vitro fertilization
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Inclusion and Exclusion Criteria

In our review, studies were analyzed if they met the following
conditions: (i) the study comprised subfertile patients
undergoing ART, (ii) the intervention group received SC alone
or in combination with other agents, (iii) the comparator
(control) group received a placebo, no treatment or an active
agent other than SC, (iv) the study reported at least one of the
desired endpoints such as endometrial thickness, chemical
pregnancy, clinical pregnancy, live birth or miscarriage and (v)
the study design was an RCT. In contrast, our review excluded
studies that were in any of the following categories: (i) the study
was not an RCT, (ii) the study involved animals, and (iii) the
study lacked adequate information on the study methodology
or findings.

Study Selection, Data Collection, and Quality Assessment

Following the retrieval of all citations, duplicates were
eliminated. Subsequently, the titles/abstracts of the residual
citations were examined, and any unrelated citations were
excluded. Then, the full-text citations of the residual ones
were screened to establish their final eligibility. Two coauthors
independently selected the studies, and any disagreements were
resolved via consensus.

Data collection involved two distinct categories. The initial
category encompassed the fundamental attributes of the
eligible RCTs, such as the name of the primary author, year of
publication, country, study arms, participant count, specifics
of treatment arms, and reported results. The subsequent
category comprised the clinical endpoints, namely, endometrial
thickness, rate of chemical pregnancy, and rate of clinical
pregnancy. The task of collecting data was carried out by two
sets of coauthors who worked independently, and disputes
were resolved via consensus within each pair.

The Cochrane risk of bias tool was used to assess the
methodological quality of RCTs®?. Each of the seven domains
was assessed as unclear, low, or high risk of bias. Two coauthors
completed the study appraisal independently, and disputes
were resolved by discussion with a third co-author.

Statistical Analysis

The Mantel-Haenszel method was used to compute the risk ratio
(RR) and its 95% confidence interval (CI) for the contrasting
findings of chemical and clinical pregnancy rates.

In contrast, the standardized mean difference (SMD) was used
to compute the continuous result of the average thickness of the
endometrium, along with its 95% CI, employing the inverse-
variance method. The random-effects model was employed for
all calculations. The heterogeneity of the RCTs was assessed
visually through forest plots and statistically using the chi-
square-based Q statistic and 1* value. Significant heterogeneity
was established when the p-value of the chi-square-based Q
statistic measured <0.10 or I* measured >50%. Stata software
(version 17) was used to perform all statistical analyses.
Subgroup analyses were conducted to explore the impact of

SC on ART outcomes, considering related study features. These
features included intervention type (e.g., SC alone, SC with
clomiphene citrate (CC), SC with estradiol valerate, and SC with
letrozole), population type (e.g., recurrent implantation failure
(RIF) or other infertility categories), and control type (e.g.,
CC, estradiol, letrozole, or placebo), which were considered
potential sources of variation.

Results

Summary of the Database Screening

In total, 935 records were found across all databases after
eliminating duplicates. Of these, 89 records underwent a
complete text examination, and among them, 61 records
were excluded for specific reasons. Eventually, 28 RCTs were
included in the meta-analysis (Figure 1).

Summary of Baseline Characteristics of Eligible RCTs

All RCTs had a parallel design and were performed between
2010 and 2023. The RCTs were conducted in various countries,
including Egypt (n=14)%**" India (n=5)°** Iran (n=4)
U984 raq (n=3)**", Russia (n=1)*®, and Korea (n=1)“".
Seven RCTs compared SC with placebo, ten RCTs compared
the combination of SC and CC with CC, 7 RCTs compared
the blend of SC and estradiol valerate with estradiol valerate,
three RCTs compared the combination of SC and letrozole with
letrozole, and one RCT compared SC with placebo. Table 1
displays the range of sample sizes, with participant numbers
varying from 44 to 850. Among the seven RCTs, the focus
was on women with recurrent implantation failure. On the
other hand, the remaining RCTs examined different forms

—
= Records identified through Additional records identified
(=] "
= database searching through other sources
S (n=1,117) (n=63)
=
=
13
[}
2=
=
Records after duplicates removed
(n=935)
e !
A5
=
QJ
o Records screened Based
3 on Title and Abstract Records excluded By Title
(n=935) (n=2846)
!
—
Full-text articles assessed Full-text articles excluded,
= for eligibili with reasons
= (n=89) (n=61)
-'a Repetitious (n=6)
] l Not randomized (n= 24)
Different population {n=11)
Studies included in Different Outcome (n=11)
— qualitative synthesis Insufficient Data {n=9}
— (n=28)
3 L
@
3
= Studies included in
£ quantitative synthesis
(meta-analysis)
(n=28)
()

Figure 1. Flow diagram of study selection for the analysis
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of infertility, including patients with narrow endometria or
undetermined causes of infertility.

Summary of the Study Quality of the Included RCTs

Supplement Table 2 presents an overview of the bias risk of
the RCTs that were included. With the exception of 15 RCTs,
all other RCTs were determined to have a low risk regarding
random generation. Uncertainty regarding random allocation
was observed in 13 RCTs. For allocation concealment, 14 RCTs
were deemed to have a high risk of bias, whereas eight RCTs
had an unclear risk of bias. Performance bias was rated as a
high and unclear risk of bias in 16 and four RCTs, respectively.
Detection bias was rated as high and unclear risk of bias in 10
and 7 RCTs, respectively. Attrition bias was rated as a high and
unclear risk of bias in four and six RCTs, respectively. Fifteen
RCTs were concluded to exhibit an unclear risk of bias for the
domain of reporting bias.

Meta-analysis of the Rate of Chemical Pregnancy

Chemical pregnancy data were pooled from 11 RCTs with
a total of 982 individuals (485 cases and 497 controls). The
probability of chemical pregnancy (RR=1.54; 95% CI: 1.27,
1.87) was significantly higher in the intervention group (i.e.,
SC alone or combination with other treatments) than in the
placebo group (i.e., any other active treatment, no treatments,
or placebo), without significant heterogeneity (1>=0%; p=0.679)
(Figure 2). A counter funnel plot and Egger’s test showed no
sign of publication bias (=0.83, 95% CI: -1.05, 2.73; p=0.343,
Supplement Figure 1). The sensitivity analysis indicated that
the calculated combined risk RR ranged between 1.50 (95% CI:
1.23,1.83) and 1.62 (95% CI: 1.32, 1.97). This suggests that
none of the individual RCTs had a substantial influence on the
overall effect size (Supplement Figure 2).

The impact size was more pronounced in a subgroup of RCTs
that provided subcutaneous injections (SC) to RIF women (n=3
RCTs, RR=2.08, 95% CI: 1.22, 3.54, 1>=0%), compared with
women with other infertility types (n=8 RCTs, RR=1.48, 95%
CI: 1.20, 1.81, I°’=0%) (Supplement Figure 3). There was no
distinction between the subgroup of RCTs that administered
SC doses of <50 mg (n=5 RCTs, RR: 1.66, 95% CI: 1.25,
2.20, I’=0%) and those that administered SC doses of more
than 50 mg (n=6 RCTs, RR=1.45, 95% CI: 1.12, 1.89, 1>’=0%)
(Supplement Figure 4).

Three RCTs with participants experiencing RIF were conducted
to compare subcutaneous SC intervention with placebo.
Additionally, four RCTs compared the combination of SC and
CC with CC alone, three RCTs compared the blend of SC and
estradiol valerate with estradiol valerate alone, and one RCT
compared the combination of SC and letrozole with letrozole
alone. The forest plots, using random-effects analysis, for all
the RCTs that compared SC with placebo showed a noteworthy
improvement in the chemical pregnancy rate in the SC
intervention group compared with the control arm (RR=2.08,
95% CI. 1.22, 3.54, 1’=0%). Furthermore, a significantly
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substantial change was noticed in the subgroup of RCTs that
contrasted the blend of SC and CC with CC alone (RR=1.47,
95% CI: 1.15, 1.88, I’=0%). However, no significant change
was observed in the subgroup of RCTs that compared the
blend of SC and estradiol valerate with estradiol valerate alone
(RR=1.31,95% CI: 0.85, 2.01, 1*’=6.42%) (Figure 2).

Meta-analysis of the Rate of Clinical Pregnancy

Data on clinical pregnancy were gathered from 21 RCTs
involving 2.816 patients (1.401 cases and 1.415 controls). The
intervention group, which received either SC treatment alone
or in combination with other therapies, exhibited a significantly
higher likelihood of clinical pregnancy (RR=1.43; 95% CI:
1.29, 1.59) compared with the control group, which consisted
of other active interventions, no intervention, or placebo. No
significant heterogeneity was identified (1’=2.36%; p=0.716)
(Figure 3). A counter funnel plot and Egger’s test indicated
no evidence of publication bias ($=0.74, 95% CI:. -0.01,
1.50; p=0.054, Supplement Figure 5). Sensitivity analysis
demonstrated that the combined RR estimates varied from 1.40
(95% CI. 1.27, 1.55) to 1.51 (95% CI: 1.33, 1.71), indicating
that no individual RCT exerted a significant influence on the
overall effect size (Supplement Figure 6).

No significant changes were noticed between the subgroup of
RCTs that provided SC treatment to RIF women (n=6 RCTs,
RR=1.63, 95% CI: 1.13, 2.33, I1>’=0%) and those with different
infertility causes (n=15 RCTs, RR=1.41, 95% CI. 1.26, 1.56,
1’=72%) (Supplement Figure 7). The subset of RCTs that used
SC doses of <50 mg (n=9 RCTs, RR=1.62, 95% CI: 1.36, 1.93,
[’=0%) showed a stronger effect size compared with those that
used SC doses of more than 50 mg (n=12 RCTs, RR=1.32, 95%
CI 1.17, 1.49, I*>=0%) (Supplement Figure 8).

Treatment Control Risk ratio Weight

Trial Yes No Yes No with 95% CI (%)
Sildenafil Citrate vs. Placebo

Ataslla, 2016 6 24 4 26 —ro—— 150047, 478] 274
Wafa. 2018 18 17 8 27 —— 225[1.13, 4.48] 776
Moini, 2020 T 15 319 —t—e——— 233[0.69, 7.88] 249
Heterogeneity: 7 = 0.00, I' = 0.00%, H" = 1.00 — 208[1.22, 3.54]
Testof 8 = 8: Q(2) = 0.39, p = 0.82

Sildenafil Citrate+Clomiphene Citrate vs. Clomiphene Citrate

Fahmy. 2015 23 12 14 21 ™ 164[1.03, 263] 16.59
Reddy. 2018 26 14 17 23 - 1.53[1.00, 2.34] 20.26
Konam, 2018 8 3%7% 5 404 —ra— 160[057, 452] 341
Erkhouly. 2022 33 55 29 71 il 129[0.86, 1.95] 22.06
Heterogeneity: 1 = 0.00, I = 0.00%, H’ = 1.00 -> 1.47[1.15, 1.88]
Testof 8 = 8: Q(3) = 0.65, p = 0.88

Sildenafil Citrate+Estradiol Valerate vs. Estradiol Valerate

Firouzabadi, 2013 13 27 8 32 i 163[076, 3.49] 6.31
Yavangi. 2019 9 26 11 24 —8— 082[039, 173] 6861
Vardhan, 2019 16 24 10 30 S 160[083, 309 852
Heterogeneity: 7° = 0.01, I* = 6.42%, H' = 1.07 - 131[0385, 200]
Testof8 =6:Q(2)=2.19,p=0.33

Sildenafil Citrate+Letrozole vs. Letrozole

Wata, 2022 14 61 471 ——a——350(121,10.14] 325
Heterogeneity: 7 = 0.00, 1" = .%, H" = 350 [ 1.21, 10.14]
Testof8 =6:Q(0)=0.00,p=

Overall > 154(127, 187]
Heterogeneity: 7" = 0.00, I = 0.00%, H" = 1.00

Testof 8. =6, Q(10) = 7.48, p = 0.68

Test of group differences: Q.(3) =4.21,p =024

Figure 2. Forest plot showing individual and combined effect size
estimates and 95% confidence intervals (Cls) in trials that evaluated
the risk of chemical pregnancy in women who received sildenafil
citrate versus control regarding intervention and control type
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Six RCTs assessed the use of SC (n=183 patients) in contrast
to a placebo (n=183 patients). Furthermore, seven RCTs
investigated the combination of SC and CC (n=890 patients)
compared with CC alone (n=893 patients). Six RCTs examined
the combined administration of estradiol valerate and SC versus
estradiol valerate alone, encompassing 203 participants in the
experimental group and 209 participants in the control group.
Lastly, two RCTs compared the combined use of letrozole and
SC versus letrozole alone, involving 125 participants in the
experimental group and 125 participants in the control group.
Pooling the outcomes of six RCTs that compared the rates of
successful pregnancies between the SC (study compound)
and placebo groups revealed a considerably higher likelihood
of achieving clinical pregnancy in the SC group (RR=1.59,
95% CI: 1.10, 2.30, I’=0%). Women who received both SC
and CC had significantly higher chances of clinical pregnancy
compared with those who received monotherapy CC (RR=1.35,
95% CI: 1.19, 1.53, I’=0%). Remarkably, women who received
both SC and estradiol valerate experienced a notable increase
in clinical pregnancy rates compared with those who only
received estradiol valerate (RR=1.55, 95% CI: 1.08, 2.22,
1’=0%). Conversely, no statistically significant change was
observed between the intervention and control groups in a
subset of RCTs that administered the combination of letrozole
and SC versus letrozole alone (n=2, RR=1.78, 95% CI: 0.98,
3.24, 1’=45.42%) (Figure 3).

Moini, 2020 4 18 3 19 e———  133[034, 528] 059

Tehraninejad, 2018 12 24 10 26 e 120[060, 242] 226
Ataalia, 2016 § 20 ¥ F—rrE— 125[037, 421] 076

Risk ratio Weight
with 85% CI (%)

Wafa, 2019 18 97" 7 28 S 257[1.23, 537] 2.04

Alieva, 2012 7 23 5 25 —— 140[0.50, 3.92] 1.05
Mohammed, 2023 10 20 6 24 — 167069, 400] 145
Heterogeneity: 1 = 0.00, I = 0.00%, H" = 1.00 - 1.59[1.10, 2.30]
Testof 6= 6 Q(5) = 2.54, p = 0.77

sildenafil Citrate vs. Clomij Citrate

Ashoush, 2019 186 239 147 278 o 127107, 150] 3227
Aboelroose, 2020 26 14 16 24 —— 163[1.04, 253] 556
Mohamed, 2020 15 35 4 46 375[1.34, 1051 1.05
Gupta, 2021 6 26 7 3 207[096, 4.48] 1.86
Abbas, 2021 86 130 65 151 132[1.02, 1.72] 1511

El-khouly, 2022 28 60 26 74
Anmeg, 2021 14 15 8 2
Heterogeneity: T° = 0.00, I = 0.00%, H = 1.00

Testof 6 = 6 Q(6) = 6.91, p =033

122[0.78, 192] 537
175[087, 352] 226
1.35[1.19, 1.53]

sildenafil Citrate+Letrozole vs. Letrozole

Abdullah, 2021 12 13 4 21
Abdaliah, 2022 73 27 49 51
Heterogenelty: T° = 0.1, I = 45.42%, H' = 1.83

Testof 6 =6; Q(1) =1.83,p=0.18

T
-

lo—

e

*

———— 300[1.12, 805 1.15
= 149[1.18, 1.88] 1862
— 1.78[0.98, 3.24]
Loge
[P
I

Sildenafil Citrate+Estradiol Valerate vs. Estradiol Valerate

‘Vardhan, 2019 14 26 9 3
Mangal, 2016 10 40 7 43
Firouzabadi, 2013 6 34 4 36 —
Kim, 2010 10 1 7 20 -

1.56[0.76, 3.18] 2.18
143[059, 345] 143
150[046, 491] 079
1.84[0.84, 401 183

Dawood, 2020 119 4 2 ——e—— 275[099, 7.68] 1.06
El-Asbaa, 2021 6 16 7 15 —e—— 086[0.34, 214] 133
Heterogeneity: 1* = 0.00, I = 0.00%, H’ = 1.00 - 1.55[1.08, 2.22]

Test of 6, = 6 Q(5) = 3.02, p = 0.70

Overall 3 143[129, 159]

Heterogeneity: 1 = 0.00, I” = 2.36%, H' = 1.02
Testof 6 = 6 Q(20) = 16.02,p =072

ot s 21580055
Figure 3. Forest plot showing individual and combined effect size
estimates and 95% confidence intervals (Cls) in trials that evaluated
the risk of clinical pregnancy in women who received sildenafil
citrate versus control regarding intervention and control type

Meta-analysis of the Diameter of the Endometrial Thickness

Data regarding the thickness of the endometrium were
gathered from ten RCTs involving 748 participants, with 374
being cases and 374 being controls. The findings revealed that
women who received an intervention, either subcutaneous
administration alone or in combination with other treatments,
had a considerably higher average endometrial thickness
(SMD=0.77, 95% CI: 0.20, 1.34; 1°’=92.72%) than the control
group. The control group included various interventions such
as other active treatments, no intervention, or a placebo (Figure
4). A counter funnel plot and Egger’s test were conducted,
which indicated no indication of publication bias (f=5.40, 95%
CI: -9.02, 19.84; p=0.413). Sensitivity analysis demonstrated
that the combined RR estimates varied from 0.58 (95% CI:
0.12, 1.03) to 0.89 (95% CI: 0.39, 1.47), implying that no
individual RCT had a substantial impact on the overall effect
size (Supplement Figure 9).

There was a notable distinction observed between a specific
group of RCTs that used SC treatment in patients experiencing
RIF (consisting of 4 RCTs, with a SMD of 1.33, 95% CI: 0.15,
2.51, and an I? value of 94.35%) and another group that
administered SC treatment to patients with different forms of
infertility (comprising 6 RCTs, with an SMD of 0.43, 95% CI:
-0.02, 0.88, and an I* value of 83.35%, Supplement Figure
10). The magnitude of the effect was more pronounced in the
subset of RCTs that used SC doses exceeding 50 mg (including
7 RCTs, with an SMD of 0.65, 95% CI: 0.08, 1.22, and an I?
value of 89.89%) than in those that employed SC doses of 50
mg (consisting of 3 RCTs, with an SMD of 1.09, 95% CI. -0.42,
2.67, and an I* value of 96.37%, Supplement Figure 11).

Four RCTs conducted a comparison between SC administration
and placebo, with a total of 127 patients in the case group and
127 participants in the control group. Among them, one RCT
compared the combined use of SC and CC (n=45 patients) with
the use of CC alone (n=45 patients). Furthermore, another RCT
contrasted the combined use of SC and letrozole with the use
of letrozole alone, with 75 cases and 75 controls. Moreover,
an additional RCT compared SC (n=35 patients) with G-CSF
(n=35 patients). Lastly, one RCT compared the combined use
of estradiol valerate and SC (n=40 patients) with the use of
estradiol valerate alone (n=40 patients).

After the intervention, patients who were administered SC
experienced an increase in endometrial thickness in comparison
with those who received a placebo (n=4 RCTs, SMD=1.33, 95%
CI 0.15, 2.51, 1*)=94.35%). The average endometrial thickness
was significantly higher in women who received both SC and
CC than in those who only received CC (n=1 RCT, SMD=0.92,
95% CI: 0.49, 1.36). No notable change between patients who
received a blend of SC and estradiol valerate versus those who
received estradiol valerate alone was noted (n=1 RCT, SMD=0,
95% CI: -0.43, 0.43). Additionally, women who received SC
exhibited a significantly higher endometrial thickness compared
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with those who received G-CSF (n=1 RCT, SMD=0.67, 95% CI:
0.19, 1.14) (Figure 4).

Treatment Control Hedges'sg  Weight
Trial N Mean SD N Mean SD with95% Cl (%)
Sildenafil Citrate vs. Placebo
Mekled, 2017 40 200 100 40 000 1.00 - 198( 145,251 993
Moini, 2020 22 210 240 22 200 233 004[-054, 062 977
Wafa, 2019 35 246 140 35 170 093 - 063[ 0.16, 1.11] 10.1
Aaalla, 2016 30 809 098 30 527 108 —— 270( 200, 339] 936
Heterogeneity: 1 = 1.37, I' = 94.35%, H' = 17.69 ——m—— 133[ 015, 251)
Test of 6, = 6 Q(3) = 46.89, p = 0.00
Sildenafil Citrate+Clomiphene Citrate vs. Clomiphene Citrate
Kortam, 2018 45 430 148 45 310 106 - 092( 049, 1.36) 1024
Heterogeneity: T = 0.00, I' = 9%, H' = - 0.92[ 049, 1.3
Testof 8= 8; Q(0) = 0.00,p =
Sildenafil Citrate+Letrozole vs. Letrozole
Wafa, 2022 75 550 156 75 400 113 & 110( 075, 1.44) 1047
Heterogeneity: 1 = 0.00, I = %, H' = <> 110[ 075, 1.44]
Test of 8, = 8; Q(0) = 0.00,p =
Sildenafil Citrate+Estradiol Valerate vs. Estradiol Valerate
El-Asbaa, 2021 22 180 299 22 280 356 —EH— -0.30(-088, 028] 976
Dawood, 2020 30 360 06530 355 078 —fE- 007[-043, 057) 1003
Vardnan, 2019 40 381 176 40 381 220 - 000[-043, 0.43] 1023
Heterogeneity: T = 0.00, I' = 0.00%, H' = 1.00 - 005 033, 024
Testof 6= 6; Q(2) = 0.97, p = 062
Sildenafil Citrate vs. G-CSF injection
Belapurkar, 2022 35 387 096 35 327 081 - 067( 0.19, 1.14] 10.11
Heterogeneity: 1 = 0.00, I' = %, H' = < 067[ 019, 114
Test of 6= 8; Q(0) = 0.00,p =
overall - 077[ 020, 134
Heterogeneity: 1= 0.77. = 92.72%, H' = 1374
Test of 6= 6; Q(9) = 9238, p = 0.00
Test of group differences: Qs(4) = 31.46, p = 0.00

it 0 ¥ 2 8

Figure 4. Forest plot showing individual and combined effect
size estimates and 95% confidence intervals (Cls) in trials that
evaluated the mean of endometrial thickness in women who
received sildenafil citrate versus control regarding intervention and
control type

SD: Standard deviation

Discussion

Understanding the specific function and operational method of
SC in the implantation process is an intricate issue. However,
various potential theories have been proposed. Initially,
SC hinders the activity of phosphodiesterase 5 (PDE5), an
enzyme responsible for breaking down cyclic guanosine
monophosphate (cGMP). Through the application of SC, the
levels of cGMP remain heightened, resulting in the relaxation
of blood vessels and an augmented blood circulation toward
the endometrium®. Second, SC could influence vasoactive
cytokines responsible for governing the growth of the uterine
lining or the attachment of the embryo"?. Third, the use of
SC can improve the readiness of the uterus by aiding in the
growth of spiral arteries and augmenting the flow of arterial
blood within the uterine region. Fourth, SC may increase
natural killer cell activity in addition to the role of SC in
promoting endometrial growth facilitation®?. The fifth point
is that SC can trigger the angiogenic reactions of the vascular
endothelial growth factor. This involvement in the formation
of new blood vessels and heightened vascular penetrability in
the middle secretory stage is fundamental to the achievement of
satisfactory implantation®?.

In our current systematic review and meta-analysis, we examined
28 RCTs involving 3.426 women with subfertility. Among these
participants, 1.702 were assigned to receive the intervention,
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whereas 1.724 were placed in the control group. All individuals
underwent ART. Based on the collective findings, it is evident
that the use of SC, either alone or in conjunction with other
active treatments such as CC, estradiol valerate, or letrozole,
can lead to higher chemical pregnancy rate, clinical pregnancy
rate, and endometrial thickness compared with the control
group. However, it is essential to approach these findings with
concern because the quality of the RCTs included was not up to
par. When subgroup analysis was conducted, it was found that
women with RIF experienced the most significant increase in
chemical and clinical pregnancy rates compared with patients
with other infertility causes. Various RCTs included infertile
patients with unexplained infertility or narrow endometrium.
Considering the various sources of infertility investigated in the
eligible RCTs and the inadequate number of available RCTs,
it was impossible to conduct a proper subgroup analysis.
Therefore, it is important to be cautious when interpreting the
results of this analysis.
Furthermore, due to inadequate information on the
methodologies used in the included studies, we could not
perform subgroup analysis considering various potential
factors contributing to heterogeneity, such as the specific dose
of SC, the stage of embryos during transfer, or the type of
protocol employed®*2?. Moreover, although we did identify a
noteworthy distinction between women who were administered
SC and those who received a placebo, the available evidence of
endometrial thickening was of extremely poor quality, exhibiting
imprecise results and significant heterogeneity. Lastly, none of
the RCTs included in our analysis offered data on live birth
rates or side effects, resulting in a lack of conclusive evidence
regarding differences between the groups in these aspects.
Prior to our investigation, many systematic reviews and meta-
analyses had examined the effectiveness of various treatments
(such as gonadotropin-releasing hormone  agonist®?,
and a mixture

>

aspirin?, human chorionic gonadotrophin®®
of alpha-tocopherol plus pentoxifylline® in preparing the
endometrium for patients experiencing ART. Nonetheless,
the existing evidence was insufficient to establish a specific
procedure for preparation of the endometrium. We came
across only one meta-analysis that assessed the clinical utility
of vasodilation-promoting agents in patients undergoing ART.
This analysis spanned six data sources and encompassed 15
studies and 1.326 patients. All meta-analyzed RCTs contrasted
a vasodilator with a control group comprising no treatment
or placebo. Three of the RCTs examined the clinical utility
of SC. Two of the RCTs judged the efficacy of monotherapy
SC compared with placebo, while the other RCT assessed the
blend of SC and estradiol valerate compared with no treatment.
The meta-analysis of the two articles comparing SC alone with
placebo indicated no discernible differences between the two
treatments. Likewise, an investigation comparing the blend
of SC and estradiol valerate indicated no significant changes
between the two interventions®”. In addition to these three
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RCTs, we identified 25 additional RCTs that evaluated the
efficacy of SC either alone or in conjunction with other active
therapies. The most extensive RCT to date, conducted in Egypt,
examined the effectiveness of combining SC and CC compared
with CC alone and was well-executed.

At Ain-Shams University Women’s Hospital, an RCT was
conducted involving 850 women diagnosed with PCOS
who had previously experienced failure with CC. The study
compared two groups, one receiving SC treatment and the other
receiving CC treatment. The SC group demonstrated a greater
thickness of the endometrial lining and had a higher likelihood
of achieving a clinical pregnancy than the CC group®”.

The methodological quality and similarity of the studies
included have a sizable influence on the reliability of the meta-
analysis results. In our study, the quality of the trials included
was comparatively poor, but there was little variation in the
analysis of clinical and chemical pregnancy rates. However,
we found high heterogeneity in the analysis of endometrial
thickness. Although we did not find any statistical heterogeneity
in the main outcomes across the trials, we cannot disregard the
potential impact of clinical heterogeneity on the study findings.
While most RCTs examined in the review had clearly defined
criteria for including and excluding participants, a small number
of RCTs failed to specify their precise criteria. In addition, the
RCTs lacked consistent or unreported information about the
primary source of infertility and the history of RIF or repeated
abortion among the women included in the research. There was
also variation across the RCTs with respect to the methods used
for luteal stage stimulation, endometrial setup, and ovarian
hyperstimulation regimens, with some studies failing to report
these specific details. Moreover, there were notable variations
in the dosage of SC, a crucial element that significantly impacts
the efficacy of the given medication, across the various studies.
Unfortunately, most studies did not report miscarriage rates,
drug-related adverse events, or pregnancy outcomes, thereby
limiting our understanding of these important factors.
Regarding the effects of SC on frozen-thawed embryo transfer
(FET) cycles in the setting of ART, our results from included
studies advocate that SC may positively affect endometrial
receptivity, potentially enhancing blood flow to the uterus and
improving the implantation rates of embryos during FET"?.
The medication is thought to exert influence by relaxing
uterine smooth muscles and increasing blood flow, which
could contribute to a more favorable environment for embryo
implantation®. However, research on this topic is ongoing,
and while some studies have shown promising results, further
investigation is needed to establish the optimal dosage, timing,
and overall efficacy of SC in the context of FET cycles®”.

There were various shortcomings in our review. First, the
majority of the RCTs we analyzed depicted inadequate
methodological quality and harbored a small number of
patients. These factors can affect the reliability of the studies.
Second, there was significant variability in some results,
especially with regard to endometrial thickness. However, we
did not perform subgroup analyses to investigate the potential

causes of this variability, such as the specific dose of SC, stage
of embryo transfer, or type of protocol used. This was because
the analyzed studies did not offer sufficient detailed data about
their methods.

Conclusion

The present systematic review and meta-analysis revealed that
luteal administration of SC, whether orally or vaginally, either
alone or as an adjuvant therapy, may enhance endometrial
thickness and clinical pregnancy rate in women experiencing
ART. Considering the methodological limitations of the analyzed
RCTs, this evidence does not yet endorse the routine use of
SC in clinical practice. To establish its efficacy and safety more
conclusively, future high-quality RCTs with larger sample sizes
are necessary. Future RCTs should prioritize different elements,
including processing methods, embryo stage, embryo quality,
dosage, administration timing, and the composition of the
control group. These studies aim to pinpoint particular patient
groups that would derive the greatest advantages from this drug
administration and establish the ideal dose, timing, and type
of SC that would produce the most favorable outcomes while
minimizing potential adverse events.

Ethics

Peer-review: Internally and externally peer-reviewed.

Authorship Contributions

Concept: S.B., A A-Z., Design: S.B., A.A-Z., Data Collection or
Processing: S.B., M.A.,, M.SA., HT.S.,, WHA. EB.,, AYA,
LAB.,AA, OA,, AA-Z., Analysis or Interpretation: S.B., M.A.,
O.A., A A-Z., Literature Search: M.A., M.S.A., HT.S., WH.A.,
EB.,,AYA,LAB,AA, OA., Writing: S.B., A A-Z.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Farquhar C, Marjoribanks J. Assisted reproductive technology:
an overview of Cochrane Reviews. Cochrane Database Syst Rev
2018;8:CD010537.

2. Dyer S, Chambers GM, de Mouzon ], Nygren KG, Zegers-Hochschild
F, Mansour R, et al. International Committee for Monitoring Assisted
Reproductive Technologies world report: Assisted Reproductive
Technology 2008, 2009 and 2010. Hum Reprod 2016;31:1588-609.

3. Schoolcraft WB, Surrey ES, Gardner DK. Embryo transfer: techniques
and variables affecting success. Fertil Steril 2001;76:863-70.

4. Fox C, Morin S, Jeong JW, Scott RT Jr, Lessey BA. Local and
systemic factors and implantation: what is the evidence? Fertil Steril
2016;105:873-84.

5. Salamonsen LA, Evans J, Nguyen HP, Edgell TA. The Microenvironment
of Human Implantation: Determinant of Reproductive Success. Am ]
Reprod Immunol 2016;75:218-25.

6. Sharma S, Godbole G, Modi D. Decidual Control of Trophoblast
Invasion. Am ] Reprod Immunol 2016;75:341-50.

303



Turk J Obstet Gynecol 2023;20:293-313

Baradwan et al. Sildenalfil citrate in women undergoing ART

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Herington JL, Guo Y, Reese ], Paria BC. Gene profiling the window of
implantation: Microarray analyses from human and rodent models. ]
Reprod Health Med 2016;2(Suppl 2):S19-S25.

Young SL. A review of endometrium and implantation. Seminars in
reproductive medicine. Vol 32: Thieme Medical Publishers; 2014:335-6.

Lala PK, Nandi P. Mechanisms of trophoblast migration, endometrial
angiogenesis in preeclampsia: The role of decorin. Cell Adh Migr
2016;10:111-25.

Maleki-Hajiagha A, RazaviM, Rouholamin S, Rezaeinejad M, Maroufizadeh
S, Sepidarkish M. Intrauterine infusion of autologous platelet-rich plasma
in women undergoing assisted reproduction: A systematic review and
meta-analysis. ] Reprod Immunol 2020;137:103078.

Maleki-Hajiagha A, Razavi M, Rezaeinejad M, Rouholamin S, Almasi-
Hashiani A, Pirjani R, et al. Intrauterine administration of autologous
peripheral blood mononuclear cells in patients with recurrent
implantation failure: A systematic review and meta-analysis. ] Reprod
Immunol 2019;131:50-6.

Wang L, Huang X, Li X, Lv F, He X, Pan Y, et al. Efficacy evaluation of low-
dose aspirin in IVF/ICSI patients evidence from 13 RCTs: A systematic
review and meta-analysis. Medicine (Baltimore) 2017;96:e7720.

Osman A, Pundir J, Elsherbini M, Dave S, El-Toukhy T, Khalaf Y. The
effect of intrauterine HCG injection on IVF outcome: a systematic review
and meta-analysis. Reprod Biomed Online 2016;33:350-9.

Xiao J, Chang S, Chen S. The effectiveness of gonadotropin-releasing
hormone antagonist in poor ovarian responders undergoing in vitro
fertilization: a systematic review and meta-analysis. Fertil Steril
2013;100:1594-601.e1-9.

Mousa AAA, Mohamed MA, Radwan MS, Sholkamy AM. Effect of
sildenafil citrate when added to low molecular weight heparin and small
dose aspirin on uteroplacental perfusion in cases of high-risk pregnancy.
The Egyptian Journal of Hospital Medicine 2019;75:2934-41.

Jackson G, Benjamin N, Jackson N, Allen MJ. Effects of sildenafil citrate
on human hemodynamics. Am J Cardiol 1999;83:13C-20C.

Moini A, Zafarani F, Jahangiri N, Jahanian Sadatmahalleh SH, Sadeghi
M, Chehrazi M, et al. The Effect of Vaginal Sildenafil on The Outcome
of Assisted Reproductive Technology Cycles in Patients with Repeated
Implantation Failures: A Randomized Placebo-Controlled Trial. Int J
Fertil Steril 2020;13:289-95.

Mohammed WE, Abbas MM, Abdelazim IA, Salman MM. Sildenafil
citrate as an adjuvant to clomiphene citrate for ovulation induction in
polycystic ovary syndrome: crossover randomized controlled trial. Prz
Menopauzalny 2022;21:20-6.

Dehghani Firouzabadi R, Davar R, Hojjat F, Mahdavi M. Effect of
sildenafil citrate on endometrial preparation and outcome of frozen-
thawed embryo transfer cycles: a randomized clinical trial. Iran ] Reprod
Med 2013;11:151-8.

Gutarra-Vilchez RB, Bonfill Cosp X, Glujovsky D, Viteri-Garcia A, Runzer-
Colmenares FM, Martinez-Zapata MJ. Vasodilators for women undergoing
fertility treatment. Cochrane Database Syst Rev 2018;10:CD010001.
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow
CD, et al. The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021 Mar 29;372:n71.

Higgins JTPT, of HESECHIsr, Collaboration. ivuMTC, 2011.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ 2011;343:d5928.

304

24.

25.

26.

217.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Wafa YA, ALKhouly MM, Mosalam RM. Role of Low Dose Sildenafil in
Improvement of Implantation Rate in Case of Recurrent ICSI failure. The
Egyptian Journal of Hospital Medicine 2019;75:2173-82.

El-Sayed A, Mekled A, Abd El-Rahim A. Effect of sildenafil citrate on
the outcome of in vitro fertilization after multiple IVF failures attributed
to poor endometrial development: a randomized controlled trial. The
Egyptian Journal of Hospital Medicine 2017;69:1553-7.

Ataalla WM, abd Elhamid T, Elhalwagy AE. Adjuvant sildenafil therapy
in poor responders undergoing in vitro fertilization: A prospective,
randomized, double-blind, placebo-controlled trial. Middle East Fertility
Society Journal 2016;21:175-9.

Kortam MF, Mohammad HF, Mobarak MH, Bazazo Al. The effect
of estradiol valerate with and without oral sildenafil on endometrial
thickness and pregnancy rates in infertile women: A RCT. Evidence Based
Women’s Health Journal 2018;8:306-10.

AbdelKader Fahmy A, ElSokkary M, Sayed S. The value of oral sildenafil
in the treatment of female infertility: a randomized clinical trial. Life Sci J
2015;12:78-82.

Ashoush S, Abdelshafy A. Sildenafil citrate adjuvant treatment in
women with polycystic ovary syndrome following clomiphene failure:
A randomized controlled trial. Evidence Based Women’s Health Journal
2019;9:487-93.

Aboelroose AA, Tbrahim ZM, Madny EH, Elmazzahy AM, Taha OT. A
randomized clinical trial of sildenafil plus clomiphene citrate to improve
the success rate of ovulation induction in patients with unexplained
infertility. Int ] Gynaecol Obstet 2020;150:72-6.

Mohamed H, EL-Noury M, Soliman A, Sadek M, Abd-Elazim S. Effect
of Adding Sildenafil to Clomiphene Citrate Versus Clomiphene Citrate
Alone on Endometrial Receptivity in un Ovulatory PCO Patients. Benha
Journal of Applied Sciences 2021;5:49-54.

Abbas MM, Fattah IHA, Kolaib MH, Mohammed WE, Salman MM.
Sildenafil Citrate adjuvant Ovulation Induction Therapy with Clomiphen
Citrate in Polycystic Ovarian Syndrome for Successful Ovulation; Cross-
Over, Randomized Controlled Trial. QJM: An International Journal of
Medicine 2021;114:hcab115.027.

ELkhouly NI, ELkelani OA, El-Kholy MA, ELnasr IA. Oral versus vaginal
sildenafil on endometrial thickness in women with polycystic ovary
syndrome receiving clomiphene citrate. Menoufia Med J 2022;35:256.

El-Asbaa OAA, Sarhan A-MM, seliem Soliman B, Shaaban MRA.
Comparative Study between the Effect of Vaginal Sildenafil citrate and
Estradiol Valerate on Endometrial Thickness in Women Undergoing
Induction of ovulation by Clomiphen Citrate. Annals of R.S.C.B.
2021;25:13550-7.

Abdel Hamid SMA, Farag AM, El-Husseiny AM, Ahmed TAF. Effect of
Sildenafil Citrate on Success Rate of Ovulation Induction by Clomiphene
Citrate. The Egyptian Journal of Hospital Medicine 2021;85:3509-13.

Abd el Moniem MZ, Yahia A, Hammam H. Effect of Sildenafil Citrate
on Endometrial Preparation and Uterine Artery Blood Flow in Infertile
Patients Undergoing Induction of Ovulation. The Medical Journal of
Cairo University 2022;90:1301-8.

El-ghany A, AbdAllah Elashmawy A. Effective of Sildenafil Citrate
on Pregnancy Outcome in infertile women undergoing induction of
ovulation by Letrzole and Clomiphene Citrate. Al-Azhar International
Medical Journal 2022:3:89-93.

Reddy LP, Madhavi Y, Khan MI Role of Sildenafil in ovulation
induction-A comparative study of outcomes with Sildenafil in ovulation
induction cycles with Clomiphene Citrate. IAIM 2016;3:12.



Baradwan et al. Sildenalfil citrate in women undergoing ART

Turk J Obstet Gynecol 2023;20:293-313

30.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Vardhan S, Yadav P, Agarwal R, Garg R, Verma U, Pengoria M. Effect of
Sildenafil Citrate and Estradiol Valerate on Endometrial Characteristics
in Ovulation-induced Cycle in Women with Dysovulatory Infertility.
Journal of South Asian Federation of Obstetrics and Gynaecology
2019;11:165.

Mangal S, Mehirishi S. To study and compare the effect of vaginal
sildenafil and estradiol valerate on endometrial thickness, blood flow and
pregnancy rates in infertile women undergoing intrauterine insemination.
Int J Reprod Contracept Obstet Gynecol 2016;5:2274-7.

Gupta N, Jahan U, Sonal S, Singh M. Comparative Evaluation of
clomiphene citrate alone and clomiphene citrate and sildenafil citrate for
treatment of infertility and its outcome. Annals of R.S.C.B. 2021:4475-9.

Belapurkar P, Jaiswal A, Madaan S. Comparison of Efficacy Between
Vaginal Sildenafil and Granulocyte-Colony Stimulating Factor (G-CSF)
in Improving Endometrial Thickness (ET) in Infertile Women. Cureus
2022;14:¢26415.

Tehraninejad ES, Khazei N, Ayati E, Movafegh A, Azimaraghi O. Effect
of vaginal sildenafil on in vitro fertilization success rates in women with
previous failed in vitro fertilization attempts. Asian J Pharm Clin Res
2018;11:486-8.

Yavangi M, Heidari-Soureshjani S, Sadeghian A, Artimani T. Comparison
of Endometrial Thickness with Concomitant Administration of Sildenafil
Citrate and Ethinyl Estradiol vs Ethinyl Estradiol Alone for Frozen
Embryo Transfer. Journal of Clinical and Diagnostic Research 2019;13.

Abdullah M, Abdulhamed W, Abood M. Effects of Vaginal Sildenafil
Citrate on Ovarian Blood Flow and Endometrial Thickness in Infertile
Women Undergoing Intra-uterine Insemination. Clinical and translational
science 2021;11:1451-3.

Mohammed BQ, Hussaini HA, ALjubori WA. Enhancement of
endometrial receptivity: ultrasound evaluation parameters in infertile
Iraqi women treated with Acetyl salicylic acid and Sildenafil citrate and
their effect on ICSI cycle outcome. HIV Nursing 2023;23:205-12.

Dawood SA, Hussaini HA, Ali M. Effect of oral estradiol valerate versus
vaginal sildenafil on endometrial receptivity evaluated by ultrasound and
pregnancy rate in Iraqi infertile females. Systematic Reviews in Pharmacy
2020;11:627-32.

Alieva K, Kulakova E, Ipatova M, Smolnikova V, Kalinina E. Efficiency
of recovery physiotherapy and sildenafil citrate in complex preparation

Supplement Table 1. Detailed search strategy

Domains Descriptors

Reproductive Techniques, Assisted OR Assisted Reproductive Technique OR Reproductive Technique, Assisted
OR Technique, Assisted Reproductive OR Assisted Reproductive Technics OR Assisted Reproductive Technology
OR Assisted Reproductive Technologies OR Reproductive Technologies, Assisted OR Fertilization in Vitro OR In
Vitro Fertilization OR In Vitro Fertilizations OR IVF OR ICSI OR Sperm Injections, Intracytoplasmic OR Injection,

Population

Intervention

Design

49.

50.

51.

52.

53.

54.

55.

56.

57.

of endometrium in women with disorders in uterine hemodynamics
undergoing IVF: P-276. Human Reproduction 2012;27.

Kim KR, Lee HS, Ryu HE, Park CY, Min SH, Park C, et al. Efficacy of luteal
supplementation of vaginal sildenafil and oral estrogen on pregnancy rate
following IVF-ET in women with a history of thin endometria: a pilot
study. Journal of Womens Medicine 2010;3:155-8.

Boolell M, Gepi-Attee S, Gingell JC, Allen MJ. Sildenafil, a novel effective
oral therapy for male erectile dysfunction. Br J Urol 1996;78:257-61.

Jerzak M, Kniotek M, Mrozek J, Gorski A, Baranowski W. Sildenalil citrate
decreased natural killer cell activity and enhanced chance of successful
pregnancy in women with a history of recurrent miscarriage. Fertil Steril
2008;90:1848-53.

Sugino N, Kashida S, Karube-Harada A, Takiguchi S, Kato H. Expression
of vascular endothelial growth factor (VEGF) and its receptors in human
endometrium throughout the menstrual cycle and in early pregnancy.
Reproduction 2002;123:379-87.

Ma X, Du W, Hu J, Yang Y, Zhang X. Effect of Gonadotrophin-Releasing
Hormone Agonist Addition for Luteal Support on Pregnancy Outcome
in vitro Fertilization/Intracytoplasmic Sperm Injection Cycles: A Meta-
Analysis Based on Randomized Controlled Trials. Gynecol Obstet Invest
2020;85:13-25.

Gao M, Jiang X, Li B, Li L, Duan M, Zhang X, et al. Intrauterine injection
of human chorionic gonadotropin before embryo transfer can improve
in vitro fertilization-embryo transfer outcomes: a meta-analysis of
randomized controlled trials. Fertil Steril 2019;112:89-97 el.

Akbari-Fakhrabadi M, Sepidarkish M, Vesali S, Omidi A, Khazdouz M,
Hasani M, et al. The effect of pentoxifylline and tocopherol combination
on endometrium thickness: A systematic review and meta-analysis.
Journal of Food Biochemistry 2018;42:¢12547.

Li X, SuY, Xie Q, Luan T, Zhang M, Ji X, et al. The Effect of Sildenafil
Citrate on Poor Endometrium in Patients Undergoing Frozen-Thawed
Embryo Transfer following Resection of Intrauterine Adhesions: A
Retrospective Study. Gynecol Obstet Invest 2021;86:307-14.

Tao Y, Wang N. Adjuvant Vaginal Use of Sildenafil Citrate in a
Hormone Replacement Cycle Improved Live Birth Rates Among 10,069
Women During First Frozen Embryo Transfers. Drug Des Devel Ther
2020;14:5289-97.

Intracytoplasmic Sperm OR Intracytoplasmic Sperm Injection OR Injections, Intracytoplasmic Sperm OR in-vitro
fertilization OR Recurrent in Vitro Fertilization failure OR recurrent in-vitro fertilization failure OR Recurrent

IVF failure OR recurrent implantation failure OR Recurrent failure of implantation OR Recurrent failure of in
vitro fertilization OR RIF OR Repeated implantation failure OR failed cycle OR implantation failure OR recurrent
failure to implant OR repeat failure to implant OR recurrent failed implantation OR repeat failed implantation OR
recurrent reproductive failure OR repeat reproductive failure OR poor implantation

Sildenafil Citrate OR Citrate, Sildenafil OR Sildenafil OR Homosildenafil OR Hydroxyhomosildenafil OR Revatio

OR Viagra OR Acetildenafil OR Sildenafil Lactate OR Lactate, Sildenafil OR Sildenafil Nitrate OR Nitrate, Sildenafil

OR Desmethyl Sildenafil OR Sildenafil, Desmethyl OR Desmethylsildenafil

Randomized controlled trial OR controlled clinical trial OR randomized controlled trials OR random allocation

random

OR double-blind method OR single blind method OR clinical trial OR clinical trials OR placebos OR placebo OR

305



Turk J Obstet Gynecol 2023;20:293-313 Baradwan et al. Sildenalfil citrate in women undergoing ART

PubMed
Number of localized studies: 99
Limits: Clinical Trial, Humans
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(CCCceeeceeceeceeeeeeeececcreproductive  techniques, assisted”[MeSH Terms] OR (“reproductive”[All Fields] AND “techniques”[All Fields] AND
“assisted”[All Fields]) OR “assisted reproductive techniques”[All Fields] OR (“reproductive”[All Fields] AND “techniques”[All Fields] AND
“assisted”[All Fields]) OR “reproductive techniques, assisted”[All Fields]) OR (“reproductive techniques, assisted”[MeSH Terms| OR (“reproductive”[All
Fields] AND “techniques”[All Fields| AND “assisted”[All Fields]) OR “assisted reproductive techniques”[All Fields] OR (“assisted”[All Fields] AND
“reproductive”[All Fields] AND “technique”[All Fields]) OR “assisted reproductive technique’[All Fields])) OR (‘reproductive techniques,
assisted”[MeSH Terms| OR (‘“reproductive”[All Fields] AND “techniques”[All Fields] AND “assisted”[All Fields]) OR “assisted reproductive
techniques”[All Fields] OR (“reproductive”[All Fields] AND “technique”[All Fields] AND “assisted”[All Fields]))) OR (“reproductive techniques,
assisted”[MeSH Terms| OR (‘“reproductive”[All Fields] AND “techniques”[All Fields] AND “assisted”[All Fields]) OR “assisted reproductive
techniques”[All Fields] OR (“technique”[All Fields] AND “assisted”[All Fields] AND “reproductive”[All Fields]))) OR (“reproductive techniques,
assisted”[MeSH Terms| OR (‘“reproductive”[All Fields] AND “techniques”[All Fields] AND “assisted”[All Fields]) OR “assisted reproductive
techniques”[All Fields] OR (“assisted”[All Fields] AND “reproductive”[All Fields] AND “technics”[All Fields]) OR “assisted reproductive technics”[All
Fields])) OR (“reproductive techniques, assisted”[MeSH Terms] OR (“reproductive”[All Fields] AND “techniques”[All Fields] AND “assisted”[All
Fields]) OR “assisted reproductive techniques”[All Fields] OR (“assisted”[All Fields] AND “reproductive”[All Fields] AND “technology”[All Fields])
OR “assisted reproductive technology”[All Fields])) OR (“reproductive techniques, assisted”[MeSH Terms] OR (“reproductive”[All Fields] AND
“techniques”[All Fields] AND “assisted”[All Fields]) OR “assisted reproductive techniques”[All Fields] OR (“assisted”[All Fields] AND “reproductive”[All
Fields] AND “technologies”[All Fields]) OR “assisted reproductive technologies”[All Fields])) OR (“reproductive techniques, assisted”[MeSH Terms]
OR (“reproductive”[All Fields] AND “techniques”[All Fields] AND “assisted”[All Fields]) OR *“assisted reproductive techniques”[All Fields] OR
(“reproductive”[All Fields] AND “technologies”[All Fields] AND “assisted”[All Fields]))) OR (“fertilisation in vitro”[All Fields] OR “fertilization in
vitro”[MeSH Terms] OR (“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields])) OR (“in vitro fertilisation”[All
Fields] OR “fertilization in vitro”[MeSH Terms] OR (“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR
(“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields])) OR (“fertilization in vitro”[MeSH Terms] OR (“fertilization”[All
Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR (“vitro”[All Fields] AND “fertilizations”[All Fields]) OR “in vitro
fertilizations”[All Fields])) OR (“sperm injections, intracytoplasmic’[MeSH Terms] OR (“sperm”[All Fields] AND “injections”[All Fields] AND
“intracytoplasmic”[All Fields]) OR “intracytoplasmic sperm injections”[All Fields] OR (“sperm”[All Fields] AND “injections”[All Fields] AND
“intracytoplasmic”[All Fields]) OR “sperm injections, intracytoplasmic”[All Fields])) OR (“sperm injections, intracytoplasmic”’[MeSH Terms] OR
(“sperm”[All Fields] AND “injections”[All Fields] AND “intracytoplasmic”[All Fields]) OR “intracytoplasmic sperm injections”[All Fields] OR
(“injection”[All Fields] AND “intracytoplasmic”[All Fields] AND “sperm”[All Fields]))) OR (“sperm injections, intracytoplasmic”[MeSH Terms] OR
(“sperm”[All Fields] AND “injections”[All Fields] AND “intracytoplasmic”[All Fields]) OR “intracytoplasmic sperm injections”[All Fields] OR
(“intracytoplasmic”[All Fields] AND “sperm”[All Fields] AND “injection”[All Fields]) OR “intracytoplasmic sperm injection”[All Fields])) OR (“sperm
injections, intracytoplasmic’[MeSH Terms] OR (“sperm”[All Fields] AND “injections”[All Fields] AND “intracytoplasmic”[All Fields]) OR
“intracytoplasmic sperm injections”[All Fields] OR (“injections”[All Fields] AND “intracytoplasmic”[All Fields] AND “sperm”[All Fields]))) OR (“J In
#1 Vitro Fert Embryo Transf’[Journal] OR “ivf”[All Fields])) OR (“in vitro fertilisation”[All Fields] OR “fertilization in vitro”[MeSH Terms] OR 176,256
(“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR (“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in
vitro fertilization”[All Fields])) OR (“in vitro fertilisation”[All Fields] OR “fertilization in vitro”[MeSH Terms] OR (“fertilization”[All Fields] AND
“vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR (“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields]))
OR (“sperm injections, intracytoplasmic”[MeSH Terms] OR (“sperm”[All Fields] AND “injections”[All Fields] AND “intracytoplasmic”[All Fields])
OR “intracytoplasmic sperm injections”[All Fields] OR “icsi”[All Fields])) OR (“sperm injections, intracytoplasmic”[MeSH Terms] OR (“sperm”[All
Fields] AND “injections”[All Fields] AND “intracytoplasmic”[All Fields]) OR “intracytoplasmic sperm injections” [All Fields] OR (“intracytoplasmic”[All
Fields] AND “sperm”[All Fields] AND “injection”[All Fields]) OR “intracytoplasmic sperm injection”[All Fields])) OR (“in vitro fertilisation”[All
Fields] OR “fertilization in vitro”[MeSH Terms] OR (“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR
(“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields])) OR (Recurrent[All Fields] AND (“in vitro fertilisation”[All
Fields] OR “fertilization in vitro”[MeSH Terms] OR (“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR
(“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields]) AND failure [All Fields])) OR (recurrent[All Fields] AND (“in
vitro fertilisation”[All Fields] OR “fertilization in vitro”’[MeSH Terms] OR (“fertilization”[All Fields] AND “vitro”[All Fields]) OR “fertilization in
vitro”[All Fields] OR (“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields]) AND failure[All Fields])) OR
(Recurrent[All Fields] AND (“J In Vitro Fert Embryo Transf”[Journal] OR “ivf”[All Fields]) AND failure[All Fields])) OR (recurrent[All Fields] AND
(“embryo implantation”[MeSH Terms] OR (“embryo”[All Fields] AND “implantation”[All Fields]) OR “embryo implantation”[All Fields] OR
“implantation”[All Fields]) AND failure[All Fields])) OR (Recurrent[All Fields] AND failure[All Fields] AND (“embryo implantation”[MeSH Terms]
OR (“embryo”[All Fields] AND “implantation”[All Fields]) OR “embryo implantation”[All Fields] OR “implantation”[All Fields]))) OR (Recurrent[All
Fields] AND failure[All Fields] AND (“in vitro fertilisation”[All Fields] OR “fertilization in vitro”[MeSH Terms| OR (“fertilization”[All Fields] AND
“vitro”[All Fields]) OR “fertilization in vitro”[All Fields] OR (“vitro”[All Fields] AND “fertilization”[All Fields]) OR “in vitro fertilization”[All Fields])))
OR (“Rev Infect”[Journal] OR “rif”[All Fields])) OR (Repeated[All Fields] AND (“embryo implantation”[MeSH Terms] OR (“embryo”[All Fields] AND
“implantation”[All Fields]) OR “embryo implantation”[All Fields] OR “implantation”[All Fields]) AND failure[All Fields])) OR (failed [All Fields] AND
cycle[All Fields])) OR ((“embryo implantation”[MeSH Terms] OR (“embryo”[All Fields] AND “implantation”[All Fields]) OR “embryo implantation”[All
Fields] OR “implantation”[All Fields]) AND failure[All Fields])) OR (recurrent[All Fields| AND failure[All Fields] AND implant[All Fields])) OR
(repeat[All Fields] AND failure[All Fields] AND implant[All Fields])) OR (recurrent[All Fields] AND failed[All Fields] AND (‘embryo
implantation”[MeSH Terms| OR (“embryo”[All Fields] AND “implantation”[All Fields]) OR “embryo implantation”[All Fields] OR “implantation”[All
Fields]))) OR (repeat[All Fields] AND failed[All Fields] AND (“embryo implantation”[MeSH Terms] OR (“embryo”[All Fields] AND “implantation”[All
Fields]) OR “embryo implantation”[All Fields] OR “implantation”[All Fields]))) OR (repeat[All Fields] AND (“reproduction”[MeSH Terms] OR
“reproduction”[All Fields] OR “reproductive”[All Fields]) AND failure[All Fields])) OR ((“poverty”[MeSH Terms] OR “poverty”[All Fields] OR
“poor”[All Fields]) AND (“embryo implantation”[MeSH Terms] OR (‘embryo”[All Fields] AND “implantation”[All Fields]) OR “embryo
implantation”[All Fields] OR “implantation”[All Fields]))
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PubMed
Number of localized studies: 99
Limits: Clinical Trial, Humans
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(CCCCC(((“sildenafil citrate”[MeSH Terms] OR (“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields]) OR
(“sildenafil citrate”[MeSH Terms] OR (“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR (“citrate”[All
Fields] AND “sildenafil’[All Fields]))) OR (“sildenafil citrate”’[MeSH Terms] OR (“sildenafil’[All Fields] AND “citrate”[All Fields]) OR
“sildenafil citrate”[All Fields] OR “sildenafil’[All Fields])) OR (“sildenafil citrate”[MeSH Terms] OR (“sildenafil’[All Fields] AND “citrate”[All
Fields]) OR “sildenafil citrate”[All Fields] OR “homosildenafil”[All Fields])) OR (“sildenafil citrate”[MeSH Terms] OR (“sildenafil”[All Fields]
AND “citrate”[All Fields]) OR “sildenatil citrate”[All Fields] OR “hydroxyhomosildenafil”[All Fields])) OR (“sildenafil citrate”[MeSH Terms]
OR (“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR “revatio”[All Fields])) OR (“sildenafil citrate”[MeSH
Terms| OR (“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR “acetildenafil’[All Fields])) OR (“sildenafil
citrate”[MeSH Terms] OR (“sildenafil’[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR (“sildenafil’[All Fields] AND
“lactate”[All Fields]) OR “sildenalfil lactate”[All Fields])) OR (“sildenafil citrate”[MeSH Terms] OR (“sildenafil”[All Fields] AND “citrate”[All
Fields]) OR “sildenalfil citrate”[All Fields] OR (“lactate”[All Fields] AND “sildenafil”[All Fields]))) OR (“sildenalil citrate”[MeSH Terms] OR
(“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR (“nitrate”[All Fields] AND “sildenafil’[All Fields]))) OR
(“sildenafil citrate”[MeSH Terms| OR (“sildenafil”[All Fields|] AND “citrate”[All Fields]) OR “sildenatil citrate”[All Fields] OR (“desmethyl”[All
Fields] AND “sildenafil”[All Fields]) OR “desmethyl sildenafil”[All Fields])) OR (“sildenafil citrate”[MeSH Terms] OR (“sildenafil”[All Fields]
AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR (“sildenafil’[All Fields] AND “desmethyl”[All Fields]))) OR (“sildenafil
citrate”[MeSH Terms] OR (“sildenafil”[All Fields] AND “citrate”[All Fields]) OR “sildenafil citrate”[All Fields] OR “desmethylsildenafil”[All
Fields])

#1 AND #2

Web of Science
Number of localized studies: 196
Limits: no limit

Descriptors Number of
p studies reached

#1

#2

#3

(Reproductive Techniques, Assisted) OR TOPIC: (Assisted Reproductive Technique) OR TOPIC: (Reproductive
Technique, Assisted) OR TOPIC: (Technique, Assisted Reproductive) OR TOPIC: (Assisted Reproductive Technics)
OR TOPIC: (Assisted Reproductive Technology) OR TOPIC: (Assisted Reproductive Technologies) OR TOPIC:
(Reproductive Technologies, Assisted) OR TOPIC: (Fertilization in Vitro) OR TOPIC: (In Vitro Fertilization) OR
TOPIC: (In Vitro Fertilizations) OR TOPIC: (IVF) OR TOPIC: (ICSI) OR TOPIC: (Sperm Injections, Intracytoplasmic)
OR TOPIC: (Injection, Intracytoplasmic Sperm) OR TOPIC: (Intracytoplasmic Sperm Injection) OR TOPIC:
(Injections, Intracytoplasmic Sperm) OR TOPIC: (in-vitro fertilization) OR TOPIC: (Recurrent in Vitro Fertilization
failure) OR TOPIC: (recurrent in-vitro fertilization failure) OR TOPIC: (Recurrent IVF failure) OR TOPIC: (recurrent
implantation failure) OR TOPIC: (Recurrent failure of implantation) OR TOPIC: (Recurrent failure of in vitro
fertilization) OR TOPIC: (RIF) OR (Repeated implantation failure) OR TOPIC: (failed cycle) OR TOPIC: (implantation
failure) OR TOPIC: (recurrent failure to implant) OR TOPIC: (repeat failure to implant) OR TOPIC: (recurrent failed
implantation) OR TOPIC: (repeat failed implantation) OR TOPIC: (recurrent reproductive failure) OR TOPIC: (repeat
reproductive failure) OR TOPIC: (poor implantation)

TOPIC: (Sildenafil Citrate) OR TOPIC: (Citrate, Sildenafil) OR TOPIC: (Sildenafil) OR TOPIC: (Homosildenafil) OR

Number
of studies
reached

8,513

99

162,807

TOPIC: (Hydroxyhomosildenafil) OR TOPIC: (Revatio) OR TOPIC: (Viagra) OR TOPIC: (Acetildenafil) OR TOPIC: 12,869

(Sildenafil Lactate) OR TOPIC: (Lactate, Sildenafil) OR TOPIC: (Sildenafil Nitrate) OR TOPIC: (Nitrate, Sildenafil) OR
TOPIC: (Desmethyl Sildenafil) OR TOPIC: (Sildenafil, Desmethyl) OR TOPIC: (Desmethylsildenafil)

#1 AND #2 196
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Scopus
Number of localized studies: 336

: Number of studies
Descriptors reached

((TITLE-ABS-KEY (reproductive AND techniques, AND assisted ) OR TITLE-ABS-KEY (assisted AND reproductive
AND technique ) OR TITLE-ABS-KEY ( reproductive AND technique, AND assisted ) OR TITLE-ABS-KEY (
technique, AND assisted AND reproductive ) OR TITLE-ABS-KEY ( assisted AND reproductive AND technics ) OR
TITLE-ABS-KEY (assisted AND reproductive AND technology ) OR TITLE-ABS-KEY ( assisted AND reproductive
AND technologies ) OR TITLE-ABS-KEY ( reproductive AND technologies, AND assisted) OR TITLE-ABS-KEY (
fertilization AND in AND vitro ) OR TITLE-ABS-KEY ( in AND vitro AND fertilization) OR TITLE-ABS-KEY ( in
AND vitro AND fertilizations ) OR TITLE-ABS-KEY (ivf) ) ) OR ( ( TITLE-ABS-KEY (icsi ) OR TITLE-ABS-KEY (
sperm AND injections, AND intracytoplasmic ) OR TITLE-ABS-KEY (injection, AND intracytoplasmic AND sperm
) OR TITLE-ABS-KEY ( intracytoplasmic AND sperm AND injection ) OR TITLE-ABS-KEY ( injections, AND
intracytoplasmic AND sperm ) OR TITLE-ABS-KEY ( in-vitro AND fertilization ) OR TITLE-ABS-KEY ( assisted
AND reproductive AND technologies ) OR TITLE-ABS-KEY ( recurrent AND in AND vitro AND fertilization
AND failure ) OR TITLE-ABS-KEY ( recurrent AND in-vitro AND fertilization AND failure ) OR TITLE-ABS-KEY
(recurrent AND ivf AND failure ) OR TITLE-ABS-KEY ( recurrent AND implantation AND failure) OR TITLE-ABS-
KEY ( recurrent AND failure AND of AND implantation ) OR TITLE-ABS-KEY ( recurrent AND failure AND of
AND in AND vitro AND fertilization ) OR TITLE-ABS-KEY (rif ) OR TITLE-ABS-KEY ( repeated AND implantation
AND failure ) OR TITLE-ABS-KEY ( failed AND cycle ) OR TITLE-ABS-KEY ( implantation AND failure) OR
TITLE-ABS-KEY ( recurrent AND failure AND to AND implant ) OR TITLE-ABS-KEY ( repeat AND failure AND to
AND implant ) OR TITLE-ABS-KEY ( recurrent AND failed AND implantation ) OR TITLE-ABS-KEY ( repeat AND
failed AND implantation ) OR TITLE-ABS-KEY ( recurrent AND reproductive AND failure ) OR TITLE-ABS-KEY (
repeat AND reproductive AND failure ) OR TITLE-ABS-KEY ( poor AND implantation ) ) )

( TITLE-ABS-KEY ( sildenafil AND citrate ) OR TITLE-ABS-KEY ( citrate, AND sildenafil ) OR TITLE-ABS-KEY (
sildenafil ) OR TITLE-ABS-KEY ( homosildenafil ) OR TITLE-ABS-KEY ( hydroxyhomosildenafil ) OR TITLE-ABS-
KEY (revatio ) OR TITLE-ABS-KEY ( viagra ) OR TITLE-ABS-KEY ( acetildenafil ) OR TITLE-ABS-KEY ( sildenafil
AND lactate ) OR TITLE-ABS-KEY ( lactate, AND sildenafil ) OR TITLE-ABS-KEY ( sildenafil AND nitrate ) OR
TITLE-ABS-KEY ( nitrate, AND sildenafil ) OR TITLE-ABS-KEY ( desmethyl AND sildenafil ) OR TITLE-ABS-KEY
('sildenafil, AND desmethyl ) OR TITLE-ABS-KEY ( desmethylsildenafil ) )

#3  #1 AND #2 336

#1 202,497

#2 22,447

Cochrane
Number of localized studies: 88
Limits: No limits

Number

Descriptors of studies
reached

Reproductive Techniques, Assisted OR Assisted Reproductive Technique OR Reproductive Technique, Assisted OR
Technique, Assisted Reproductive OR Assisted Reproductive Technics OR Assisted Reproductive Technology OR Assisted
Reproductive Technologies OR Reproductive Technologies, Assisted OR Fertilization in Vitro OR In Vitro Fertilization OR
In Vitro Fertilizations OR IVF OR ICSI OR Sperm Injections, Intracytoplasmic OR Injection, Intracytoplasmic Sperm OR
Intracytoplasmic Sperm Injection OR Injections, Intracytoplasmic Sperm OR in-vitro fertilization OR Recurrent in Vitro
Fertilization failure OR recurrent in-vitro fertilization failure OR Recurrent IVF failure OR recurrent implantation failure
OR Recurrent failure of implantation OR Recurrent failure of in vitro fertilization OR RIF OR Repeated implantation failure
OR failed cycle OR implantation failure OR recurrent failure to implant OR repeat failure to implant OR recurrent failed
implantation OR repeat failed implantation OR recurrent reproductive failure OR repeat reproductive failure OR poor
implantation in Title Abstract Keyword - (Word variations have been searched)

#1 37,144

Sildenafil Citrate OR Citrate, Sildenafil OR Sildenafil OR Homosildenafil OR Hydroxyhomosildenafil OR Revatio OR Viagra
#2  OR Acetildenafil OR Sildenafil Lactate OR Lactate, Sildenafil OR Sildenafil Nitrate OR Nitrate, Sildenafil OR Desmethyl 2,274
Sildenafil OR Sildenafil, Desmethyl OR Desmethylsildenafil

#3  #1 AND #2 88
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Embase
Number of localized studies: 398
Limits: No limits

Descriptors Number of
- studies reached

reproductive AND techniques, AND assisted OR (assisted AND reproductive AND technique) OR (reproductive
AND technique, AND assisted) OR (technique, AND assisted AND reproductive) OR (assisted AND reproductive
AND technics) OR (assisted AND reproductive AND technology) OR (assisted AND reproductive AND
technologies) OR (reproductive AND technologies, AND assisted) OR (fertilization AND in AND vitro) OR (in
AND vitro AND fertilization) OR (in AND vitro AND fertilizations) OR ivf OR icsi OR (sperm AND injections,
AND intracytoplasmic) OR (injection, AND intracytoplasmic AND sperm) OR (intracytoplasmic AND sperm
AND injection) OR (injections, AND intracytoplasmic AND sperm) OR (‘in vitro’ AND fertilization) OR (recurrent = 196,523
AND in AND vitro AND fertilization AND failure) OR (recurrent AND ‘in vitro’ AND fertilization AND failure)
OR (recurrent AND ivf AND failure) OR (recurrent AND implantation AND failure) OR (recurrent AND failure
AND of AND implantation) OR (recurrent AND failure AND of AND in AND vitro AND fertilization) OR rif OR
(repeated AND implantation AND failure) OR (failed AND cycle) OR (implantation AND failure) OR (recurrent
AND failure AND to AND implant) OR (repeat AND failure AND to AND implant) OR (recurrent AND failed AND
implantation) OR (repeat AND failed AND implantation) OR (recurrent AND reproductive AND failure) OR (repeat
AND reproductive AND failure) OR (poor AND implantation)

#1

sildenafil AND citrate OR (citrate, AND sildenafil) OR sildenafil OR homosildenafil OR hydroxyhomosildenafil
OR revatio OR viagra OR acetildenafil OR (sildenafil AND lactate) OR (lactate, AND sildenafil) OR (sildenafil
AND nitrate) OR (nitrate, AND sildenafil) OR (desmethyl AND sildenafil) OR (sildenafil, AND desmethyl) OR
desmethylsildenafil

#2 24,812

#3 #1 AND #2 398

Records from electronic databases: 1,117
Records from other resources: 69

Total with duplicates: 1,184

Duplicates: 249

Final records for review: 535
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Supplement Table 2. Assessment of the risk of bias in the included trials

Author, year % . g . ig :g § -~ § B %D
=2 S E& 25 & 2
e EE 2T wE 2% s 2
$% 3 5% £% £ 5.
53 23 £32 E3 28 3E 3
Moini et al.'” 2020 ? ?
El-Sayed et al.®* 2017 ? ? ?
Tehraninejad et al.“» 2018 ? ?
Ataalla et al.?® 2018
Wafa et al.?? 2019
Kortam et al.?” 2018 ? ?
Reddy et al.®¥ 2016 ? ?
AbdelKader Fahmy et al.®® 2015 ? ?
Ashoush and Abdelshafy®” 2019
Aboelroose et al.®” 2020
Yavangi et al.#? 2019 ?
Vardhan et al.®” 2019 ? ? ?
Mangal and Mehirishi“? 2019 ? ? ?
Dehghani Firouzabadi et al."” 2019 ? ?
Alieva et al.“® 2012 ? ? ? ? ? ? ?
Kim et al.“? 2010 ? ? ? ?
Abdullah et al.“*» 2021 ? ? ?
Belapurkar et al.#» 2022 ?
Mohammed et al.“® 2023 ? ? ?
Dawood et al.“” 2020 ? ? ?
Mohamed et al.®® 2022 2
Gupta et al.“P2021 ? ? ? ?
Abbas et al.®? 2021 ?
ELkhouly et al.®» 2022 2 2
El-Asbaa et al.®? 2021 ? ?
Abdel Hamid et al.®> 2021 ? ?
Watfa et al.?? 2022 ? ? ?
El-ghany et al.®” 2022 ? ? ?
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Standard error

0

1% <p <5%
o Studies

N 5% <p<10%

Estimated {Ln RR}zgi.

I o> 0%

Supplement Figure 1. Funnel plot showing publication bias in
trials that evaluated the risk of chemical pregnancy in women who

received treatment versus control

RR: Risk ratio

r
1.23

Supplement Figure 2. Leave-one-out plot showing the effect of
each study on pooled estimate in subset of trials that evaluated
the risk of chemical pregnancy in women who received treatment

versus control

CI: Confidence interval

1
2.02

Risk ratio
Omitted study with 95% CI p-value
Firouzabadi, 2013 1.54[1.26, 1.88] 0.000
Fahmy, 2015 1.53[1.24, 1.88] 0.000
Ataalla, 2016 1.55[1.27, 1.88] 0.000
Reddy, 2016 1.55[ 1.25, 1.92] 0.000
Kortam, 2018 1.54[1.27, 1.87] 0.000
Wafa, 2019 i 1.50[ 1.23, 1.83] 0.000
Yavangi, 2019 = 1.62[1.32, 1.97] 0.000
Vardhan, 2019 1.54[1.26, 1.88] 0.000
Moini, 2020 : 1.53[1.26, 1.86] 0.000
El-khouly, 2022 L 1.62[1.31, 2.02] 0.000
Wafa, 2022 o 1.50 [ 1.24, 1.83] 0.000

Treatment Control Risk ratio Weight

Trial Yes No Yes No with 95% CI (%)
RIF
Ataalla, 2016 6 24 4 2 —_— 150047, 478] 274
Wafa, 2019 16 W7 BT —0— 225[1.13, 448] 776
Moini, 2020 A I ———a——— 233[069, 788 249
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00 g 2 208[122, 354]
Test of 6, = 6 Q(2) = 0.39, p = 0.82
Other
Firouzabadi, 2013 13 27 8 32 —— 163[0.76, 349] 631
Fahmy, 2015 23 12 14 21 —l— 164[1.03, 263 1659
Reddy, 2016 26 14 17 23 1 153[1.00, 2.34] 2026
Kortam, 2018 8 37 5 40 —_— 160[057, 452] 3.41
Yavangi, 2019 9 26 1 24 —a— 082[039, 173] 661
Vardhan, 2019 16 24 10 30 —_ 160[0.83, 309] 852
El-khouly, 2022 33 55 29 T {1+ 129[0.86, 195] 2206
Wafa, 2022 14 61 4 T ——8———350[1.21, 10.14] 325
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00 <> 148[120, 1.81]
Test of 8 = 6; Q(7) = 5.70, p = 0.57
overall - 154[1.27, 187
Heterogeneity: 1° = 0.00, I” = 0.00%, H’ = 1.00
Test of 6= 8 Q(10) = 7.48, p = 0.68
Test of group differences: Qu(1) = 1.38, p = 0.24

—_—

172 1 2 4 8

Supplement Figure 3. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals (Cls)
in trials that evaluated the risk of chemical pregnancy in women
who received intervention versus control regarding population

type

Treatment Control Risk ratio ~ Weight

Trial Yes No Yes No with 95% CI (%)
<= 50 mg daily
Firouzabadi, 2013 13 27 8 32 — 163[0.76, 349] 631
Ataalla, 2016 6 24 4 26 —a 150[0.47, 478] 274
Reddy, 2016 26 14 17 23 —{+ 153[1.00, 234] 2026
Wafa, 2019 8 W 8 % —0— 225[113, 448] 7.76
Vardhan, 2019 16 24 10 30 —0— 160[083, 309] 852
Heterogeneity: T° = 0.00, I’ = 0.00%, H’ = 1.00 -~ 166[1.25, 2.20]
Test of 6 =8 Q(4) = 0.94, p=0.92
> 50 mg daily
Fahmy, 2015 23 12 14 21 —1 164[103, 263] 1659
Kortam, 2018 8 37 5 40 —_—— 160[0.57, 452 341
Yavangi, 2019 9 26 1 24 — 00— 082[039, 1.73] 661
Moini, 2020 7 46 3 9 ———a——— 233[069, 7.88] 249
El-khouly, 2022 33 55 29 71 {1+ 129[0.86, 1.95] 2206
Wafa, 2022 14 61 4 T ———8———350[121, 10.14] 325
Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00 > 1.45[1.12, 1.89)
Test of 6, = 6 Q(5) = 6.09, p= 0.30
Overall S 154[1.27, 1.87]
Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00
Test of 8 = 8 Q(10) = 7.48, p = 0.68
Test of group differences: Qs(1) = 0.45, p = 0.50

st
Supplementary Figure 4 172 1 2 4 8

Supplement Figure 4. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals
(Cls) in trials that evaluated the risk of chemical pregnancy in
women who received intervention versus control regarding dose
of sildenafil citrate
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Supplement Figure 5. Funnel plot showing publication bias in
trials that evaluated the risk of clinical pregnancy in women who

received treatment versus control
RR: Risk ratio

Risk ratio
Omitted study with 95% Cl p-value
Moini, 2020 1.43[1.29, 1.59] 0.000
Tehraninejad, 2018 1441129, 161] 0.000
Ataalla, 2016 1.43[1.29, 1.60] 0.000
Wafa, 2019 1.40[1.27, 1.55] 0.000
Alieva, 2012 1.43[1.29, 1.60] 0.000
Mohammed, 2023 1.43[1.28, 1.59] 0.000
Ashoush, 2019 & 1.51[1.33, 1.71] 0.000
Aboelroose, 2020 1.42[1.27, 1.58] 0.000
Mohamed, 2020 1.41[1.27, 1.56] 0.000
Gupta, 2021 1.42[1.28, 1.57] 0.000
Abbas, 2021 T 1.48[1.30, 1.68] 0.000
El-khouly, 2022 1 1.46[1.30, 1.64] 0.000
Ahmed, 2021 1.42[1.28, 1.58] 0.000
Vardhan, 2019 1.43[1.28, 1.59] 0.000
Mangal, 2016 1.43[1.29, 1.60] 0.000
Firouzabadi, 2013 1.43[1.29, 1.59] 0.000
Kim, 2010 1.42[1.28, 1.58] 0.000
Dawood, 2020 1.41[1.28, 1.57] 0.000
El-Asbaa, 2021 145[1.30, 162] 0.000
Abdullah, 2021 1.41[1.27, 1.56] 0.000
Abdallah, 2022 1.44[1.27, 1.63] 0.000
Supplementary Figure 6 1.‘27 1AI71

Supplement Figure 6. Leave-one-out plot showing the effect of
each study on pooled estimate in subset of trials that evaluated the
risk of clinical pregnancy in women who received treatment versus

control

CI: Confidence interval
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Supplementary Figure 7

Treatment Control Risk ratio Weight
Trial Yes No Yes No with 95% ClI (%)
RIF
Woini, 2020 4 18 3 19 —— =——— 1.33[0.34, 528] 059
Tehraninejad, 2018 12 24 10 26 —_—1 1.20[0.60, 242] 226
Ataalla, 2016 5 25 4 26 —_— 1.25[0.37, 421 076
Wafa, 2019 18 % 7 28 —e—  257[123, 537] 204
Aleva, 2012 7 28 & 2B e 1.40[0.50, 3902] 1.05
Kim, 2010 10 1 7 20 T—— 1.84[0.84, 401] 183
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00 e 1.63[1.13, 233]
Test of 6= 6;: Q(5) =2.64,p =0.75
Other
Mohammed. 2023 10 20 & 24 ——— 167[069, 400] 145
Ashoush, 2019 186 230 147 278 ] 1.27[1.07, 1501 3227
Apoclroese, 2020 26 14 16 24 —o— 1.63[1.04, 253] 556
Mohamed, 2020 1% 35 4 46 3.75[1.34,1051] 1.05
Gupta, 2021 6 26 7 3 e i— 2.07[0.96, 448] 186
Abbas, 2021 86 130 65 151 g g 1:32[1.02, 1.721 1511
El-khouly, 2022 28 60 26 74 —o— 1.22[0.78, 192] 537
Anhmed, 2021 14 15 8 21 o 1.75[0.87, 3521 226
vardhan, 2019 14 26 9 31 —t— 1.56[0.76, 3.18] 2.18
Mangal, 2016 10 40 7 43 —_n 1.43[0.59, 345] 143
Firouzabadi, 2013 6 34 4 36 —_—1 1.50[0.46, 491 079
Dawood, 2020 1 19 4 2 275[099, 768 106
El-Asbaa, 2021 & 16 7 15 —_— 0.86[0.34, 214] 133
Abdullah, 2021 2 N & 2 3.00[1.12, 805 115
Abdaliah, 2022 73 27 49 51 R g 1.49[1.18, 1.88] 1862
Heterogeneity: 1° = 0.00, I = 0.79%, H" = 1.01 ¢ 1.41[1.26, 156]
Testof 6= 6;: Q(14) = 12.79, p = 0.54
Overall . 1.43[1.20, 159]
Heterogeneity: 1° = 0.00, I' = 2.36%, H” = 1.02
Test of 8, = 6; Q(20) = 16.02, p = 0.72
Test of group differences: Qs(1) = 0.57, p = 0.45

21 2 4

Supplement Figure 7. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals (Cls)
in trials that evaluated the risk of clinical pregnancy in women who
received intervention versus control regarding population type
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Treatment Control Risk ratio Weight

Trial Yes No Yes No with 95% CI (%)
<= 50 mg daily
Ataala, 2016 5 25 4 26 —_—t 1.25[0.37, 421] 076
Wafa, 2019 48 1L I 28 —_— 2.57[1.23, 5371 204
Aboelroose, 2020 26 14 16 24 —a— 1.63[1.04, 253] 556
Mohamed, 2020 15 35 4 46 ——375[1.34,1051] 105
Ahmed, 2021 14 15 8 21 - 1.75[0.87, 352] 226
ardhan, 2019 14 26 9 31 I 1.56[0.76, 3.18] 2.18
Firouzabadi, 2013 6 34 4 36 —_— 1.50[0.46, 491] 079
Kim, 2010 10 11 7 20 - 1.84[0.84, 401] 183
Abdallah, 2022 73 27 49 51 R 1.49[1.18, 1.88] 1862
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00 - 1.63[1.37, 194
Testof 6; = 6; Q(8) =4.90, p = 0.77
> 50 mg daily
Moini, 2020 4 18 3 19 —— 1.33[0.34, 528] 059
Tehraninejad, 2018 12 24 10 26 i 1.20[0.60, 242] 226
Alieva, 2012 T 23 51 25 —_— 1.40[0.50, 3921 1.05
Mohammed, 2022 10 20 6 24 —_— 1.67[0.69, 4.00] 1.45
Ashaush, 2019 186 239 147 278 = 1.27[1.07, 150] 3227
Gupta, 2021 6. 26 T 31 1 207[0.96, 448] 186
Abbas, 2021 86 130 65 151 . 1.32[1.02, 1.72] 1511
El-khouly, 2022 28 60 26 74 -Ta— 1.22[0.78, 192] 537
Mangal. 2016 10 40 7 43 R 1.43[0.59, 345] 143
Dawood, 2020 1 19 4 26 ——e—— 275[099, 768] 1.06
El-Asbaa, 2021 8 16 & 4% —_— 0.86[0.34, 214] 133
Abduliah, 2021 122 13 4 2 3.00[1.12, 805 1.15
Heterogeneity: 1 = 0.00, I = 0.00%, H = 1.00 * 1.32[1.17, 1.50]
Testof ©,=6;: Q(11) =7.51, p=0.76
Overall L) 1.43[1.20, 1.59]
Heterogeneity: 1° = 0.00, I' = 2.36%, H’ = 1.02
Test of ;= 6; Q(20) = 16.02,p = 0.72
Test of group differences: Q.(1) = 3.61, p = 0.06 . . .

Supplementary Figure 8 72 1 20 4 8

Supplement Figure 8. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals (Cls)
in trials that evaluated the risk of clinical pregnancy in women who
received intervention versus control regarding dose of sildenafil
citrate

Hedges's g
Omitted study with 95% CI p-value
El-Asbaa, 2021 = 0.89[0.31, 1.47] 0.003
Mekled, 2017 = 0.64[0.08, 1.20] 0.026
Moini, 2020 0.85[0.24, 1.46] 0.006
Wafa, 2019 i3 0.79[0.15, 1.43] 0.015
Dawood, 2020 5 0.85[0.24, 1.46] 0.007
Vardhan, 2019 0 0.86[0.25, 1.47] 0.006
Belapurkar, 2022 0.78[0.15, 1.42] 0.016
Kortam, 2018 0.76[0.12, 1.39] 0.020
Wafa, 2022 0.73[0.10, 1.37] 0.023
Ataalla, 2016 0.58[0.12, 1.03] 0.013
0 5 1 15

Supplement Figure 9. Leave-one-out plot showing the effect of
each study on pooled estimate in subset of trials that evaluated the
mean of endometrial thickness in women who received treatment
versus control

CI: Confidence interval

Treatment Control Hedges'sg Weight
Trial N Mean SD N Mean SD with 95% CI (%)
RIF
Mekled, 2017 40 200 1.00 40 0.00 1.00 —.— 1.98[ 1.45, 2.51] 9.93
Moini, 2020 22 210 240 22 200 233 0.04[-0.54, 0.62] 9.77
Wafa, 2019 35 246 140 35 170 003 {1 0.63[ 0.16, 1.11] 10.11
Ataalla, 2016 30 809 098 30 527 108 —l— 2707 2.00, 3.39]  9.36

Heterogeneity: 1° = 1.37, I° = 94.35%, H’ = 17.69
Test of 8, = 8: Q(3) = 46.89, p = 0.00

—Re—— 1.33[ 0.15, 2.51]

Other
El-Asbaa, 2021 22 1.80 299 22 280 3.56 —Hh—

Dawocd, 2020 30 360 065 30 355 078
Vardhan, 2019 40 381 176 40 381 229

-0.30[-0.88, 0.28] 9.76
0.07[-0.43, 0.57] 10.03
0.00[-0.43, 0.43] 10.23

Belapurkar,2022 35 387 096 35 327 081 0.67[ 0.19, 1.14] 10.11
Kortam, 2018 45 430 148 45 3.10 1.06 0.92[ 0.49, 1.36] 10.24
Wafa, 2022 75 550 156 75 4.00 1.13 1.10[ 0.75, 1.44] 10.47

Heterogeneity: 7° = 0.26, I° = 83.35%, H* = 6.01
Test of 6, = 6;: Q(5) = 30.78, p = 0.00

-
-
. 3
- 0.43[-0.02, 0.88]
Overall -
Heterogeneity: 7° = 0.77, I° = 92.72%, H = 13.74
Test of 8 =6;: Q(9) = 92.38, p = 0.00

0.77[ 0.20, 1.34]

Test of group differences: Qu(1) = 1.92, p =0.17

‘Supplementary Figure 10

Supplement Figure 10. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals (Cls)
in trials that evaluated the mean of endometrial thickness in women
who received intervention versus control regarding population type

SD: Standard deviation

Treatment Control Hedges'sg  Weight
Trial N Mean SD N Mean SD with 95% CI (%)
<= 50 mg daily
Wafa, 2019 35 246 140 35 1.70 093 L!_ 0.63[ 0.16, 1.11] 10.11
Vardhan, 2019 40 381 176 40 381 229 0.00[-0.43, 0.43] 10.23
Ataalla, 2016 30 809 098 30 527 108 —0— 270[ 2.00, 3.39] 9.36
Heterogeneity: 1° = 1.87, I° = 96.37%, H’ = 27.57 —caGE— 1.09[-0.49, 2.67]
Test of 6, = 6 Q(2) = 41.80, p = 0.00
> 50 mg daily
ElAsbaa, 2021 22 180 290 22 280 356 —OH— 0.30[-0.88, 0.28] 9.76
Mekled, 2017 40 200 100 40 000 1.00 0 1.98[ 145, 2511  9.93
Moini, 2020 22 210 240 22 200 233 0.04 [ -0.54, 0.62] 9.77
Dawoced, 2020 30 360 065 30 355 078 _—: 0.07[-0.43, 0.57] 10.03
Belapurkar, 2022 35 387 096 35 3.27 081 {1 0.67[ 0.19, 1.14]  10.11
Kortam, 2018 45 430 148 45 310 1.06 -0 0.92[ 049, 1.36] 10.24
Wafa, 2022 75 550 156 75 400 113 En 1.10[ 0.75, 1.44] 10.47
Heterogeneity: 1° = 0.52, I° = 89.89%, H' = 9.89 - 0.65[ 0.08, 1.22]
Test of 6, = 6 Q(6) = 50.54, p = 0.00
Overall - 0.77[ 0.20, 1.34]
Heterogeneity: 7° = 0.77, I’ = 92.72%, H’ = 13.74
Test of 6 = 6;: Q(9) = 92.38, p = 0.00
Test of group differences: Q»(1) =0.26, p = 0.61
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‘Supplementary Figure 11

Supplement Figure 11. Forest plot showing individual and
combined effect size estimates and 95% confidence intervals
(Cls) in trials that evaluated the mean of endometrial thickness in
women who received intervention versus control regarding dose of
sildenafil citrate

SD: Standard deviation
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