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Effect of Sildenafil Citrate and Estradiol Valerate on 
Endometrial Characteristics in Ovulation-induced Cycle in 
Women with Dysovulatory Infertility
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Ab s t r Ac t
Objective: The objective of this study was to study the effect of sildenafil citrate and estradiol valerate on endometrial thickness, blood flow, 
and pregnancy outcomes in women with dysovulatory infertility.
Materials and methods: It is a comparative prospective study, including 80 women with primary or secondary dysovulatory infertility. Women 
with thin endometrium were randomly distributed in two groups. In group I (estradiol group), 40 women were included and given estradiol 
valerate tablets orally by the step-up method, and in group II (sildenafil plus estradiol group), 40 women were included and given sildenafil 
citrate tablets orally 25 mg TDS daily in addition to the estradiol valerate tablets as per above the step-up method from day 1 of the cycle until 
12th day. Patients were reevaluated by transvaginal sonography (TVS) from day 10th until documentation of ovulation for endometrial thickness 
and pattern with number and size of graffian follicle.
Results: Mean endometrial thickness posttreatment on day 14th was 9.0175 ± 2.58 mm in group I and 9.375 ± 1.989 mm in group II. Only 45% in 
group I had vascularity up to zone 3, whereas 62.5% patients in group II had zone 3 endometrial vascularity (p  value < 0.05). Clinical pregnancy 
rate in group I and group II was 22.5% and 35%, respectively (p  value < 0.05).
Conclusion: Both oral estradiol valerate and sildenafil citrate significantly improve endometrial thickness, vascularity, and echogenicity. 
When compared to estradiol alone (which increases endometrial thickness and echogenicity) but the addition of sildenafil citrate improves 
endometrial blood flow.
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In t r o d u c t I o n
According to WHO and ICMRT, infertility is a disease of reproductive 
system defined by the failure to achieve clinical pregnancy after 1 year 
or more of regular, unprotected sexual intercourse.1  Endometrial 
factors and implantation failure are the known cause of infertility 
and there is a good correlation between endometrial thickness and 
the prevalence of conception.2  An endometrial thickness <7 mm is 
a reliable sign of suboptimal implantation potential.3  Endometrial 
thickness is dependent on several factors, including reproductive 
age, phase of menstrual cycle, estrogen and progesterone 
concentration, and endometrial hormone receptor density.4  
Multiple treatment modalities have been studied in improving thin 
endometium such as aspirin, heparin, l -arginine, vitamin E, nitrates, 
estrogen, pentoxiphylline, tocopherol, and intrauterine infusion of 
growth factors such as G-CSF and stem cell therapy.

Sildenafil citrate is a potent and selective inhibitor of cGMP-
specific phosphodiesterase 5 (PDE-5), hence augment the vasodilatory 
effect of nitric oxide by preventing the degradation of cGMP, which 
leads to increased uterine blood flow and thicker endometrium.5  
Alternatively, sildenafil may have an effect on vasoactive cytokines 
that regulate endometrial development or implantation. Sildenafil 
increases uterine receptivity by the development of spiral arteries 
and by increasing the uterine arterial blood flow.6 

The effect of estrogen on endometrium occurs not via direct 
or regional transmission from the neighboring ovaries but rather 
through the systemic circulation.

This study focused on endometrial thinning as a cause of 
implantation failure, and aim of this study was to estimate the effect 

of sildenafil citrate on ultrasonographic endometrial thickness, 
pattern, and vascularity.

MAt e r I A l s A n d Me t h o d s
The study was conducted on patients attending infertility OPD 
at the Department of Obstetrics and Gynaecology, Sarojini Naidu 
Medical College, Agra over a period of 2 years and the ethical 
clearance was taken for the same from the ethical committee of 
the college.

Inclusion Criteria
Women less than 35 years of age with primary or secondary 
infertility with patent fallopian tubes, with normal husband 
semenogram, and without any organic pelvic pathology; patient 
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with an endometrial thickness of <7 mm on the day of ovulation 
or day 14 in clomiphene-induced cycle.

Exclusion Criteria
Congenital uterine anomaly, acquired deformities of uterus 
(Asherman syndrome), tubal factors of infertility, sensitivity to 
sildenafil citrate, contraindication for estrogen treatment (history 
of stroke, deep venous thrombosis, benign liver disease), and male 
factor infertility.

Sample Size
A total of 500 patients attending infertility OPD were screened and 
200 patients were found with dysovulatory causes. Of these, 150 
patients were selected for the study, and all these 150 patients after 
consent and fulfilling the inclusion criteria underwent day 2 basal 
scan and then were prescribed clomiphene citrate 50 mg once 
daily for five days from day 2. From day 10 transvaginal scans were 
done for folliculometry on alternate days till the documentation of 
ovulation. An estimated 80 patients were found to have endometrial 
thickness of <7 mm on the day of ovulation and these patients 
were randomly divided into two groups and in the next cycle, the 
following regimens were prescribed to them along with clomiphene 
citrate 50 mg once daily for five days from day 2.

Group I (Estradiol Group)
Totally, 40 patients were included and given estradiol valerate 
tablets orally by the step-up method: from the first day to the 
fourth day, 2 mg estradiol valerate tablets, and from the 5th to the 
8th day, 4 mg estradiol tablets, and from the 9th to the 12th day 
of the menstrual cycle, 6 mg estradiol valerate were given daily.

Group II (Sildenafil Plus Estradiol Group)
An estimated 40 patients were included and given sildenafil citrate 
tablets orally 25 mg TDS daily in addition to the estradiol valerate 
tablets as per the above step-up method from day 1 of the cycle 
until the 12th day.

All these patients were reevaluated on the 10th day by TVS on 
alternate day till the documentation of ovulation for endometrial 
characteristics (i.e., endometrial thickness, endometrial vascularity, 
endometrial echogenicity, and number and size of graffian follicle 
and positive pregnancy test). Patients were followed up until 
detection of fetal heart rate in ultrasonography.

re s u lts
The mean age in group I and group II was 28.4 ± 4.6 and 25.8 ± 5.4 
years, respectively. Only 34 of 40 patients in group I and 32 of 40 
patients in group II had primary infertility, whereas 6 of 40 patients 
in group I and 8 of 40 patients in group II had secondary infertility. 
The mean duration of infertility in group I and group II was 3.6 years 
and 4.2 years, respectively. None of the patient’s characteristics 
were statistically significant in both groups (Table 1). In group I, 
25 patients had endometrial thickness in the range of 7–10 mm; 
in group II, 29 patients had endometrial thickness in the range of 
7–10 mm (Table 2). In both groups, there is significant improvement 
in endometrial thickness when compared to pretreatment 
endometrial thickness. In group I, the pretreatment endometrial 
thickness was 5.20 ± 0.80 mm, which increased to 9.0175 ± 
2.58 mm post treatment; similarly in group II, the pretreatment 
endometrial thickness was 5.56 ± 0.58 mm, which increased 
to 9.375 ± 1.989 mm post treatment (p  value < 0.05) (Table 2).  

Also, 27 cases in group I and 31 cases in group II developed a 
trilaminar pattern of endometrium (Table 2). In both groups, a 
maximum number of cases had vascularity in zone III: 18 patients 
(45%) in group I and 25 patients (62.5%) in group II (p  value < 0.05) 
(Table 3). Hyperechogenic endometrium is seen in 22 patients 
(55%) in group I and 33patients (82.5%) in group II (Table 3). The 
mean number of follicles in group I was 2.20 ± 0.7 and in group II 
was 2.58 ± 1.05, and the mean follicular size in group I and group II  
was 17 ± 2.2 mm and 18.4 ± 2.6 mm, respectively (Table 4). 
Clinical pregnancy rate in group I and group II was 22.5% and 
35%, respectively. Thus, a significant improvement in pregnancy 
rate (p  value < 0.05) was also observed in patients with a poor 
endometrium when a combinatorial dose of sildenafil and estradiol 
was given when compared to estradol alone (Table 5).

dI s c u s s I o n
Dysovulatory infertility accounts for approximately 30–40% of all 
cases of female infertility, but is generally easily diagnosed and is 
the most treatable cause of female infertility. Clomiphene citrate 
is the first-line treatment for induction of ovulation. Despite good 
results reported with clomiphene for induction of ovulation, a large 
proportion of females do not achieve pregnancy and the cause 
may be attributed to failure of implantation. Implantation failure 
occurs in female with a poor endometrium in terms of thickness 
and its vascularity.

Despite various treatment modalities available for the 
treatment of infertility, thin endometrium still remains a challenge 
for gynecologists. Therefore, the study was conducted with an aim 
to evaluate the effect of estradiol valerate and sildenafil citrate in 
females with a thin endometrium as a cause of implantation failure 
in patients with dysovulatory infertility.

The mean endometrial thickness pretreatment in group I 
was 5.20 ± 0.80 mm and in group II was 5.56 ± 0.58 mm, which 

Table 1: Patients’ characteristics

Group I (n  = 40) Group II (n  = 40)
Mean age (in years) 28.4 ± 4.6 25.8 ± 5.4
Primary infertility 34 32
Secondary infertility 06 08
Mean BMI (kg/m2 ) 23.3 22.7
Mean duration of  
infertility (in years)

3.6 4.1

Table 2: Endometrial thickness and endometrial pattern in both groups 
on the day of ovulation

Endometrial thickness (in mm) on 
day 14

Group I Group II

No. % No. %
<7 mm 4 10 1 2.5
7–10 mm 25 62.5 29 72.5
10.1–15 mm 11 27.5 10 25
Pretreatment mean endometrial 
thickness (in mm)

5.20 ± 0.80 5.56 ± 0.58

Posttreatment mean endometrial 
thickness (in mm)

9.0175 ± 2.58 9.375 ± 1.989

Endometrial pattern (trilaminar) 27 (67.5%) 31 (77.5%)
p  value (pre- and posttreatment endometrial thickness) <0.05 statistically 
significant
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significantly improves to 9.0175 ± 2.58 mm and 9.375 ± 1.989 
mm in group I and group II, respectively (p  value < 0.05) (Table 2). 
The results were compared to those of the previous studies. In a 
prospective study done by Firouzabadi et al., 50 mg sildenafil was 
used orally, starting from 1st day till 45–72 hours prior to the embryo 
transfer. Endometrial thickness and triple-line pattern was found to 
be significantly higher with sildenafil and estradiol valerate when 
compared to estradiol alone. Clinical pregnancy rate was higher 
but not significant.7 

Takasaki et al. used 100 mg sildenafil intravaginally starting 
the first day of cycle till day of ovulation and 92% patients showed 
improvement in endometrial thickness.8  Jimenez et al. used oral 
estradiol 2 mg thrice a day from day one for 12 days. They reported 
appropriate development of endometrium in 67% patients.9  
Although most of the studies have been published comparing 
the role of estradiol and sildenafil alone with patients’ previous 
cycle taken as control but the present study is unique in its own 

kind, taking both estradiol and sildenafil to improve endometrial 
characteristics in patients with thin endometrium and thereby 
increasing clinical pregnancy rate.

co n c lu s I o n
In the present study it was shown that a combined use of oral 
estradiol valerate and sildenafil citrate significantly improves 
endometrial thickness, vascularity, and echogenicity, thus, 
improving endometrial receptivity. When compared to estradiol 
alone, which increases endometrial thickness and echogenicity but 
the addition of sildenafil citrate improves endometrial blood flow, 
thus enabling the estrogen for proliferation of endometrial lining, 
which is the cornerstone of achieving better pregnancy rate and 
outcome. However, large randomized control trials are required to 
reach more confirmatory results.
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Table 3: Endometrial vascularity and echogenicity in both groups

Group I Group II

No. % No. %
A. Vascularity
 Zone 1 6 15 5 12.5
 Zone 2 16 40 10 25
 Zone 3 18 45 25 62.5
B. Echogenicity
 Hypoechogenic 4 10 1 2.5
 Isoechogenic 14 35 6 15
 Hyperechogenic 22 55 33 82.5

Zone 1: subendometrial zone
Zone 2: outer hyperechogenic zone
Zone 3: inner hypoechogenic zone
p  value (zone 3 vascularity) <0.05 statistically significant
p  value (hyperechogenic endometrium) <0.05 statistically significant

Table 4: Number and size of recruited follicles in both groups

Group I Group II
Mean number of follicles 2.20 ± 0.7 2.58 ± 1.05
Mean follicular size (in mm)   17 ± 2.2 18.4 ± 2.6

Table 5: Pregnancy rate in both groups

Group I Group II

No. % No. %
Urine pregnancy test positive 10 25 16 40
FHS in USG 9 22.5 14 35

p  value <0.05 statistically significant


