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Purpose: To investigate the effects of sildenafil citrate (SC) on live birth rates (LBR) during 
women undergoing their first frozen embryo transfers (FET) with hormone replacement therapy 
(HRT).
Patients and Methods: This retrospective cohort study included a total of 10,069 
infertile women with adequate endometrial thickness (≥7 mm when progesterone was 
initiated) in their first FET cycle with hormone replacement therapy. Women received 
either vaginal SC or no adjuvant during their first transfer cycle depending on patient or 
physician preference. In the sildenafil group, 1098 women underwent HRT FET with 
adjuvant vaginal use of SC, and 8971 women were included as controls. The primary 
outcome measure was LBR, defined as the likelihood of live birth per transfer cycle. 
Endometrial thickness (EMT), implantation, chemical pregnancy, clinical pregnancy, 
miscarriage, ongoing pregnancy, birth weight and preterm delivery (PTB) were also 
recorded.
Results: Baseline characteristics were comparable between the two groups. In the crude 
analysis, the unadjusted LBR was significantly higher in the vaginal SC group (scHRT- 
FET) than in the control group (HRT-FET) (40.3% vs 36.1%). After adjustment for 12 
pregnancy-related confounding factors, logistic regression analysis showed that LBR 
remained significantly higher in the scHRT-FET group than in the HRT-FET group 
(adjusted odds ratio [aOR] 1.31, 95% confidence interval [CI] 1.14–1.49). Furthermore, 
after adjustment, the ongoing pregnancy rate was significantly higher (aOR 1.29, 95% CI 
1.13–1.47), and the miscarriage rate was significantly lower (aOR 0.58, 95% CI 0.43–-
0.77), in the scHRT-FET group compared to the HRT-FET group. Adjuvant vaginal use 
of SC did not increase the endometrial thickness and had no significant effect on birth 
weight or PTB.
Conclusion: Adjuvant vaginal use of SC in HRT FET was associated with higher LBR 
and improved pregnancy outcomes in an infertile population with adequate endometrial 
thickness. The beneficial effect of SC may be due not to an increase in EMT but instead 
to improve endometrial blood flow and receptivity, which might merit clinicians’ atten-
tion for improving general IVF practices.
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Introduction
Currently, although much remains controversial regarding 
perinatal morbidity,1,2 evidence has demonstrated less 
ovarian hyper-stimulation syndrome (OHSS) and compar-
able live birth rates (LBR) in frozen embryo transfer 
(FET) compared with fresh transfer,3–5 which has resulted 
in the increased use of frozen cycles.6 However, although 
in several European countries, FET accounted for approxi-
mately 40% of all transfer cycles in 2015, the pregnancy 
rate per thawing varied from 19.3% to 46.0%, and there is 
still much room for improvement according to one official 
report containing data from 38 participating countries.7

Many adjuvant therapies are used empirically to 
enhance pregnancy outcomes during assisted reproductive 
technology cycles. However, disputes still exist regarding 
the validation of these practices. For instance, vaginal 
oestradiol has been used to augment the oestrogen effect 
on the uterus necessary for uterine endometrial thickness 
and receptivity.8,9 Low-dose (81 mg) aspirin was reported 
to improve ovarian responsiveness, uterine and ovarian 
blood flow and pregnancy rates in patients undergoing 
IVF.10,11 Recently, the use of sildenafil citrate (SC) has 
been gradually extended, and attention has also been paid 
to the adjuvant use of SC in IVF. SC prevents the break-
down of cGMP and potentiates the effect of nitric oxide 
(NO) on vascular smooth muscles and was first used for 
male erectile dysfunction.12 Despite some controversy, 
considering its vasodilatation effects on uterine vessels, 
SC is regarded as a potential candidate for the treatment 
of intrauterine growth restriction (IUGR) and 
preeclampsia.13–15 Furthermore, studies also showed that 
SC could promote endometrial proliferation and even 
enhance human trophoblast invasion.16,17 A vaginal route 
of administration was chosen since the use of intravaginal 
sildenafil suppositories decreased the incidence of side- 
effects such as hypotension and headaches by delivering 
the medication in close proximity to the target organ.12

To our knowledge, despite case reports,12,18,19 there 
has been only one study of SC in FET cycles and one 
study in fresh ET cycles, both in thin-EM patients, and the 
results failed to reach statistical significance in differences 
in reproductive outcomes due to the limited sample 
sizes.20,21 Therefore, large-scale clinical studies are 
urgently needed to validate the increasing empirical use 
of sildenafil in embryo transfer. Furthermore, as a long- 
term pregnancy outcome indicator of great significance, it 
is also crucial to analyse the live birth rate (LBR), since no 

LBR data have ever been reported in sildenafil research 
before. Moreover, to date, studies on sildenafil have been 
confined to only a very small group of thin-endometrium 
patients; thus, it is also worthwhile to extend this treatment 
to patients in the broader infertile population.

Therefore, in the present study, we analysed LBR in 
a population of 10,069 infertile women with adequate 
endometrium (≥7 mm when progesterone was initiated) 
who were undergoing their first FET with HRT. To over-
come methodologic bias, 12 important confounders were 
taken into account and adjusted for in our analyses. 
Furthermore, EM thickness (EMT) and other pregnancy 
outcomes, such as implantation, chemical pregnancy rate, 
clinical pregnancy rate, miscarriage, ongoing pregnancy, 
birth weight and preterm delivery (PTB), were also 
explored.

Patients and Methods
Subjects
This retrospective study was carried out at the 
Reproductive Medicine Center of the Shanghai Ninth 
People’s Hospital affiliated with the Shanghai Jiao Tong 
University School of Medicine and was approved by the 
Ethics Committee (Institutional Review Board) of the 
Shanghai Ninth People’s Hospital. Informed written con-
sent was obtained from all patients, and the study was 
conducted according to the Declaration of Helsinki. To 
minimize possible bias due to the patient population, all 
women who were undergoing their first FET cycles with 
an HRT protocol during the period from January 2013 to 
December 2018 were enrolled, and each patient was 
included only once.22 Exclusion criteria were as follows: 
previous IVF attempts with fresh or frozen embryo trans-
fer; patient older than 40 years of age; patient used adju-
vants other than vaginal SC during their FET cycle; 
a history of recurrent miscarriage (defined as ≥2 previous 
chemical/clinical losses); patient diagnosed with III or IV 
stage endometriosis (ASRM staging system); and the pre-
sence of congenital uterine anomalies as determined by 
ultrasound or hysterosalpingography. Patients with hyper-
tension, diabetes, or thyroid dysfunction were also 
excluded.

Treatment
The details of embryo vitrification and thawing methods 
can be found in our previous article.23 All laboratory 
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procedures, including thawing process and culture medium 
conditions, remained constant during this research.24 In 
brief, cleavage stage embryos were graded with reference 
to the Cummins criteria.25 Quality assessment of blasto-
cysts was on the basis of the Gardner and School craft 
scoring system.26 We only thawed embryos on the 
same day of ET. Post-thaw surviving embryos were 
defined as those with more than 50% intact blastomeres. 
A maximum of two embryos were allowed to be trans-
ferred in all FET cycles.

Endometrial preparation of HRT was performed as 
described previously.27,28 In short, oral E2 (ethinyloestra-
diol 75 µg daily, Shanghai Xinyi Pharma, China; or fema-
ton 4 mg, twice daily, Abbott Healthcare Products B.V.) 
was commenced on the third day of the menstrual cycle; 
progesterone exposure was initiated when the endometrial 
thickness reached ≥7 mm. Embryo transfer was performed 
3 days after progesterone administration for day 3 embryos 
or 5 days later for blastocysts. In the scHRT-FET group, 
sildenafil citrate (Viagra, Pfizer Inc.) was prescribed and 
initiated from day 8 of the menstrual cycle at a daily dose 
of 100 mg until the day before ET. For the best results, the 
blue outer layer of the drug membrane was carefully 
removed in creating vaginal suppositories for all patients 
in this cohort. The sildenafil was administered by the 
patients themselves. Every patient was taught how to pre-
pare the SC, and confirmation of the technique was 
repeated on their return visits. In all study groups, luteal 
support was continued until 10 weeks of gestation if preg-
nancy was achieved. As patients undergoing their first 
transfer cycle, women received either vaginal SC or no 
adjuvant during the FET cycle depending on patient and 
physician preference.

Outcome Assessment
In this study, the primary outcome was LBR per transfer. 
The secondary outcomes included EMT, implantation rate, 
chemical pregnancy rate, clinical and ongoing pregnancy 
rates, miscarriage rate, birth weight and PTB. Live birth 
was defined as a baby or babies born alive after ≥24 
gestational weeks. The implantation rate was defined as 
the number of gestational sacs on transvaginal ultrasound 
(TVUS) divided by the total number of transferred 
embryos. Chemical pregnancy was defined as a serum 
hCG level >5 IU/L at 14 days after ET. Clinical pregnancy 
was defined as the identification of at least one gestational 
sac in the uterine cavity on TVUS 5 weeks after ET. 
Ongoing pregnancy was defined as a viable pregnancy 

that lasts for more than 12 gestational weeks. 
Miscarriage was defined as clinical pregnancy loss before 
24 weeks of gestation, and PTB was defined as delivery 
before 37 weeks of gestation.

Statistical Analyses
Statistical analyses were carried out using Statistical 
Package for Social Sciences (SPSS) version 21.0. The 
numerical data were presented as the mean±SD, and the 
categorical variables were shown as% (n/N). Continuous 
variables were compared with Student’s t-test. Categorical 
variables were compared with Pearson’s χ2 test or with 
Fisher’s exact test when necessary. A P value <0.05 was 
considered statistically significant.

We performed logistic regression to explore the effects 
of different protocols on pregnancy outcomes after adjust-
ing for the following potential confounders: maternal age 
at transfer, maternal body mass index (BMI), duration of 
infertility, cause of infertility, maternal smoking habit, 
maternal gravidity and parity, number of embryos trans-
ferred, embryo developmental stage, embryo quality, 
method of fertilization and EMT on day of ET. 
Unadjusted and adjusted odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated by the regression 
models.

Results
Baseline Characteristics
In total, 10,069 patients who met the inclusion and exclu-
sion criteria were analysed and followed up. In the silde-
nafil group, 1098 women underwent FET with adjuvant 
vaginal use of SC (scHRT-FET), whereas 8971 women 
were included as controls (HRT-FET). The baseline char-
acteristics of the included patients are detailed in Table 1. 
No significant difference was shown between scHRT-FET 
and HRT-FET in maternal age at transfer, maternal BMI, 
smoking habit, duration and causation of infertility or 
obstetrical history (gravidity and parity). In addition, no 
significant difference was found in the basic hormonal 
profiles and antral follicle count (AFC) between the two 
groups.

Cycle Characteristics of Embryo 
Transfers
The characteristics of transfer cycles are presented in 
Table 2. The number of embryos transferred (P=0.067), 
embryo fertilization method (P=0.070), embryo 
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developmental stage at cryopreservation (P=0.373), post- 
thaw embryo survival rate (P= 0.497) and embryo quality 
at transfer (P=0.166) were similar between the scHRT-FET 
and HRT-FET groups. It should be noted that in both 
groups, most embryos transferred were day 3 cleavage 
stage embryos. Furthermore, EMT on the day of 
P supplementation (P= 0.892) and EMT on the day of 
ET (P= 0.370) were similar between the two groups.

Pregnancy Outcomes of FET
In our crude analysis (Table 3), the LBR per transfer in 
scHRT-FET was significantly higher than that in HRT-FET 
(40.3% vs 36.1%, P<0.01). The multiple pregnancy rate 
was significantly lower in the scHRT-FET group (9.2% vs 
12.4%; P<0.01). Specifically, the incidence of singleton 
newborns per transfer was significantly higher in scHRT- 
FET (33.5% vs 27.1%; P<0.01), and the incidence of twin 
newborns per transfer was lower in scHRT-FET compared 
to HRT-FET (6.8% vs 9.0%; P=0.017). The miscarriage 
rate and especially the first trimester miscarriage rate were 

significantly lower in scHRT-FET (10.6% vs 18.2%, 9.0% 
vs 15.9%, respectively; both P<0.001), and the ongoing 
pregnancy rate was significantly higher in scHRT-FET 
compared to HRT-FET (41.3% vs 37.3%; P<0.05). 
However, the implantation, chemical pregnancy, ectopic 
pregnancy and clinical pregnancy rates were similar 
between the two groups. In addition, birth weight, gesta-
tional weeks and PTB were also similar between the two 
groups.

Logistic Regression Analyses for the 
Pregnancy Outcomes
After adjustment for a number of important pregnancy- 
related confounding factors, such as maternal age at 
embryo transfer, BMI, infertility duration, maternal smok-
ing history, gravidity, parity, cause of infertility, number of 
embryos transferred, embryo developmental stage and 
embryo quality at transfer, method of fertilization and 
EM thickness on day of ET (Table 4), the LBR remained 
significantly higher in scHRT-FET (adjusted odds ratio 

Table 1 Baseline characteristics and hormonal profile of patients

Characteristics scHRT-FET (n=1098) HRT-FET (n=8971) P-value

Age at transfer (years) 32.56±3.53 32.38±3.83 0.152
Maternal BMI (kg/m2) 21.76±3.06 21.93±3.02 0.073

Infertility duration (years) 3.41±3.31 3.58±3.14 0.085

Maternal smoking history 21(1.9%) 122(1.4%) 0.144

Gravity 0.312
0 499 (45.4%) 4231(47.2%)

1 258(23.5%) 2151(24.0%)

≥2 341(31.1%) 2589(28.8%)

Parity 0.142

0 951(86.6%) 7907(88.1%)
≥1 147(13.4%) 1064(11.9%)

Cause of infertility 0.335
Female factor 713(64.9%) 5604(62.5%)

Male factor 130(11.8%) 1129(12.6%)

Mixed 205(18.7%) 1852(20.6%)
Unexplained 50(4.6%) 386(4.3%)

Baseline hormonal profile
FSH (IU/L) 6.53±6.74 6.27±5.95 0.180

LH (IU/L) 4.35±3.12 4.32±2.76 0.792

E2 (pg/mL) 36.45±25.53 36.23±18.16 0.714
P (ng/mL) 0.27±0.18 0.27±0.30 0.844

T (ng/mL) 0.28±0.07 0.28±0.06 0.250

AFC 8.56±5.75 8.72±5.91 0.398

Notes: Data are presented as mean±SD for continuous variables and n (%) for dichotomous variables. All P values were assessed with the use of χ2 or Student’s t-test. 
Abbreviations: scHRT, sildenafil adjuvant hormone replacement therapy cycle; FET, frozen-thawed embryo transfer; BMI, body mass index; AFC, antral follicle count.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                   

Drug Design, Development and Therapy 2020:14 5292

Tao and Wang                                                                                                                                                        Dovepress

http://www.dovepress.com
http://www.dovepress.com


[aOR] 1.31, 95% confidence interval [CI] 1.14–1.49, 
P<0.001). Furthermore, the miscarriage rate remained 
lower (aOR 0.58, 95% CI 0.43–0.77; P<0.001), and the 
ongoing pregnancy rate remained higher (aOR 1.29, 95% 
CI 1.13–1.47; P<0.001), in scHRT-FET after adjustment 
for confounders. However, the implantation rate (aOR 
0.95, 95% CI 0.85–1.05; P=0.315), chemical pregnancy 
rate (aOR1.05, 95% CI 0.92–1.20; P=0.459), and clinical 
pregnancy rate (aOR1.12, 95% CI 0.98–1.27; P=0.107) 
were similar between the two groups after correcting for 
confounders.

Discussion
The results of this study indicated that adjuvant vaginal 
use of sildenafil significantly improved the LBR compared 
with no adjuvant in the first FET cycle with an HRT 
programme in the whole population of infertile women 
with adequate endometrium. Furthermore, adjuvant use 
of SC significantly increased the ongoing pregnancy rate 
and reduced the miscarriage rate, especially the rate of 
early pregnancy loss, which might be attributed to the 
ameliorative effects of endometrial blood supply and 
receptivity. However, no significant difference was 
observed in the thickness of endometrium, and no 

significant differences were shown in birth weight or 
PTB between the two groups.

As is well known, compared to fresh ET with supra- 
physiologic hormones, embryos can be transferred into 
a more physiologic intrauterine environment in FET pro-
grammes; furthermore, to enhance the cycle outcome dur-
ing endometrium preparation, several adjuvant therapies, 
including vaginal sildenafil, have come into empiric use. 
The first studies of vaginal sildenafil administration were 
three clinical case reports with samples of 4, 10 and 105 
fresh ETs, all of which showed improved endometrial 
blood supply and endometrial development; however, all 
patients had extremely thin endometrium (<7 mm), there 
were no control groups, and no further analyses were 
presented.12,18,19 To date, only two case–control studies 
that explore the effect of sildenafil for endometrial pre-
paration before embryo transfer have been published. One 
study involving FET cycles and the adjuvant use of oral 
sildenafil with thin-endometrium (<7 mm) patients (40 
cases in the sildenafil group and 40 cases in the control 
group) showed better endometrial thickness and morphol-
ogy (triple line patterns) in the sildenafil group; however, 
due to the limited sample size, they failed to reach statis-
tical significance in terms of pregnancy outcomes, such as 

Table 2 Cycle characteristics of the scHRT and HRT-FET groups

Characteristics scHRT-FET (n=1098) HRT-FET (n=8971) P-value

Number of embryo transferred 0.067
1 221(20.1%) 1603(17.9%)

2 877(79.9%) 7368(82.1%)

Embryo fertilization methods 0.070

IVF 655(59.7%) 5551(61.9%)
ICSI 369(33.6%) 2727(30.4%)

IVF+ICSI 74(6.7%) 693(7.7%)

Developmental stage at cryopreservation 0.373

Cleavage stage (day 3) 1003 (91.3%) 8264(92.1%)

Blastocyst (day 5) 95 (8.7%) 707(7.9%)
Post-thaw embryo survival rate 99.4%(1899/1910) 99.5%(16339/16415) 0.497

Embryo quality at transfer of best embryo transferred 0.166
1 186(16.9%) 1362(15.2%)

2 899(81.9%) 7459(83.1%)

3 13(1.2%) 150(1.7%)

EMT on P supplementation day (mm) 10.21±1.95 10.20±2.03 0.892

EMT on ET day (mm) 10.00±2.02 10.06±2.05 0.370

Notes: Data are presented as mean±SD for continuous variables and n (%) for dichotomous variables. All P values were assessed with the use of χ2 or Student’s t-test. 
other abbreviations see in Table 1. 
Abbreviations: IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; ET, embryo transfer; EMT, endometrial thickness.
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implantation and chemical pregnancy rate.20 The other 
study, involving fresh ET cycles and the adjuvant use of 
vaginal sildenafil in thin endometrium (<7 mm) patients 
with repeated implantation failures (22 cases in the silde-
nafil group and 22 cases in the control group), showed 
seemingly better chemical (33.3% vs 17.6%; P=0.490) and 
clinical pregnancy rates (19.0% vs 17.6%; P=0.464); how-
ever, they also failed to reach statistical significance due to 
the exceedingly small sample size.21 Furthermore, both 
studies failed to report LBR, a very convincing indicator 
of long-term follow-up of eventual pregnancy outcomes, 
and their results were not adjusted by known confounding 
factors, especially maternal age, maternal body mass index 

(BMI), number of embryos transferred and embryo 
quality.

Although the mechanisms underlying the beneficial effect 
of adjuvant use of vaginal sildenafil on pregnancy outcomes 
remain unknown, the improvement is most likely due to the 
vasodilation effect of sildenafil in the uterus. In murine studies, 
sildenafil has been shown to improve uterine arterial blood 
flow, increase birth weight and placental weight and decrease 
foetal mortality in pregnant rats29; another study concluded 
that sildenafil had a significant effect on the resistance index in 
the uterine artery in pre-eclamptic rats and could improve 
weight gain and increase survival rates without fetotoxic 
effects30; and a study by Dilworth confirmed and extended 

Table 3 The pregnancy outcomes of the scHRT and HRT-FET groups

Characteristics scHRT-FET (n=1098) HRT-FET (n=8971) P-value

Implantation rate 30.4% (600/1975) 31.3% (5116/16339) 0.398
Chemical pregnancy rate 50.5% (555/1098) 50.7% (4544/8971) 0.947

Clinical pregnancy rate 46.4% (510/1098) 45.4% (4070/8971) 0.498

Ectopic pregnancy rate 1.0% (11/1098) 0.8% (75/8971) 0.573
Multiple pregnancies 9.2% (101/1098) 12.4% (1113/8971) 0.002

Miscarriage rate 10.6% (54/510) 18.2% (740/4070) <0.001

First trimester 9.0% (46/510) 15.9% (648/4070) <0.001
Second trimester 1.6% (8/510) 2.3% (92/4070) 0.314

Ongoing pregnancy rate 41.3% (453/1098) 37.3% (3347/8971) 0.011
Induced abortions due to congenital malformation 0.4% (2/510) 0.3% (14/4070) 0.823

Still births 0 3 0.540

Live birth rate 40.3% (443/1098) 36.1% (3238/8971) 0.006
PTB 15.1% (67/443) 18.9% (612/3238) 0.054

Single newborns 33.5% (368/1098) 27.1% (2432/8971) <0.01

Birth weight (g) 3281±458.76 3335±542.23 0.071
Gestational weeks 38.46±1.80 38.37±1.85 0.396

Twin newborns 6.8% (75/1098) 9.0% (806/8971) 0.017

Birth weight (g) 2443±532.25 2515±476.41 0.083
Gestational weeks 35.53±2.46 35.87±2.00 0.052

Notes: Data are presented as mean±SD for continuous variables and n/n (%) for dichotomous variables. All P values were assessed with the use of χ2 or Student’s t-test. 
other abbreviations see in Table 1. 
Abbreviation: PTB, preterm delivery.

Table 4 Logistic regression on reproductive outcomes of scHRT-FET versus HRT-FET

Outcomes Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Implantation rate 0.96(0.87–1.06) 0.399 0.95(0.85–1.05) 0.315

Chemical pregnancy rate 1.00 (0.88–1.13) 0.947 1.05 (0.92–1.20) 0.459

Clinical pregnancy rate 1.04 (0.92–1.18) 0.498 1.12 (0.98–1.27) 0.107
Miscarriage rate 0.53 (0.39–0.71) <0.001 0.58 (0.43–0.77) <0.001

Ongoing pregnancy rate 1.18 (1.04–1.34) 0.011 1.29 (1.13–1.47) <0.001

Live birth rate 1.20 (1.05–1.36) 0.006 1.31 (1.14–1.49) <0.001

Notes: Multivariable logistic regression analyses was performed and analyses were adjusted for maternal age at embryos transfer, BMI, infertility duration, maternal smoking 
history, gravidity, parity, cause of infertility, number of embryos transferred, embryo developmental stage and embryo quality at transfer, methods of fertilization and EM 
thickness on ET day. other abbreviations see in Table 1. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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the evidence that sildenafil may improve foetal growth even in 
normal placental blood flow mouse models, indicating that 
sildenafil might be helpful in even broader populations.31 In 
clinical research, despite controversy, sildenafil was found to 
promote human foetal weight gain by increasing blood flow 
within the uteroplacental bed and extending pregnancy time in 
IUGR and preeclampsia.32,33 Second, rather than increasing 
EM thickness, sildenafil may enhance trophoblast function 
and improve endometrial receptivity. Although some studies 
suggested that sildenafil improved the EM thickness among 
thin-endometrium patients,12,16 another study failed to show 
that sildenafil could increase the EM thickness,34 and micro- 
morphological assessments of uterine luminal epithelium 
height did not show notable alterations in EM thickness after 
administration of sildenafil,35 which was in accordance with 
our findings that no significant difference was observed in EM 
thickness after sildenafil suppositories. Other studies showed 
that sildenafil could prevent apoptosis of human first-trimester 
trophoblast cells exposed to oxidative stress;36 alter the tro-
phoblast phenotype and stimulate human trophoblast 
invasion;17 and directly enhance endometrial receptivity by 
affecting β3 integrin and VEGF expression levels in the mur-
ine implantation window period.37 Third, other mechanisms 
are still being discovered in relation to sildenafil; one study 
showed that sildenafil could block inflammatory injury in an 
LPS-induced mouse abortion model, therefore decreasing 
pregnancy loss,38 and another study showed that sildenafil 
could decrease natural killer cell activity and could enhance 
the chance of successful pregnancy in women with recurrent 
miscarriage.39 Moreover, an animal model demonstrated that 
pretreatment with sildenafil could protect the ovaries from 
cisplatin-induced damage in rats40; and Trakakis reported 
that sildenafil could improve ovarian response and result in 
a successful live birth in a woman with previous nonresponse 
to the sole use of gonadotropin as an adjunct to COH 
protocols.41 All these findings together might contribute to 
the decreased miscarriage rate and elevated ongoing preg-
nancy rate and LBR with the vaginal supplementation of 
sildenafil.

The use of assisted reproductive technologies (ARTs), 
including IVF, has contributed to the increase of twin birth 
rates compared to natural conception.42 In our study, the 
implantation rates between the two groups were comparable; 
however, the proportion of multiple pregnancies during the 
implantation stage was higher in the non-SC group (supple 
mentary Table 1). This phenomenon is complicated, and we 
still do not fully understand it. Previous studies have sug-
gested that endometrial receptive perturbation might be a risk 

factor for multiple pregnancies, especially monozygotic 
twinning after in vitro fertilization; since the majority of the 
multiple pregnancies in this study are dizygotic, we speculate 
that this might also be applied to dizygotic twinning.43 

Although prior research showed that twin pregnancies after 
IVF have a greater likelihood of survival than singleton 
pregnancies,44 in our study, the proportions of multiple preg-
nancies among miscarriages between the two groups are 
statistically no different (supplementary Table 1). 
Moreover, a recent study suggested that peri-implantation 
cytokine profiles differ between singleton and twin IVF 
pregnancies; specifically, maternal serum levels of 
CXCL10 were found to be significantly lower in the earliest 
implantation phase in dizygotic twin conceptions compared 
to singleton conceptions.45 We believe that, as a vasodilator, 
SC might influence the cytokine microenvironment during 
the implantation stage. Whether SC could shift the peri- 
implantation cytokine profile is an interesting question, and 
future studies are needed to further confirm the influence of 
SC on multiple pregnancy during the peri-implantation 
period.

This study is a retrospective cohort study, with the 
associated inherent bias. With this in mind, we took steps 
to minimize possible flaws in our data. The greatest advan-
tages of this study were that 10,069 women undergoing 
their first hormone replacement FET were included, possi-
ble confounding factors related to reproductive outcomes 
were adjusted for, and LBR was reported; all of these 
efforts were missing from existing studies. Another limita-
tion of previous studies was that only patients with thin 
EM (<7 mm) were studied; the results of this study might 
suggest a new clinical practice to improve reproductive 
outcomes in a much larger infertile population.

In summary, after adjustment for pregnancy-related con-
founding factors, our large retrospective study demonstrated 
that adjuvant vaginal use of sildenafil citrate significantly 
increased the ongoing pregnancy rate and decreased the 
miscarriage rate, especially the early miscarriage rate, in 
hormone replacement FET, thus significantly improving the 
LBR compared with the control group. This improvement 
might be due to enhanced endometrial blood supply and 
receptivity in the sildenafil group. No significant differences 
were found in EM thickness, birth weight or PTB after 
adjuvant vaginal use of sildenafil in hormone replacement 
FET. In addition, future studies to further investigate human 
endometrial receptivity after adjuvant use of sildenafil and 
larger prospective studies are also welcomed.
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