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T Background: Clomiphene citrate (CC) is the most commonly used oral agent for ovulation induction in anovulatory 

infertility. Despite its efficacy, CC has anti-estrogenic effects on the endometrium and cervical mucus, which may impair 
implantation. Strategies to overcome this drawback include adjuvant therapies such as estradiol valerate, which 
promotes endometrial proliferation, and sildenafil citrate, which enhances uterine blood flow and vascularity. 
Comparative data between these two adjuvants remain limited.
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INTRODUCTION:
Infertility is a big global health concern, which is 
characterized by the inability to attain a clinical pregnancy 
after at least twelve months of consistent, unprotected 
intercourse [1]. Globally, infertility affects 8 to 12% of the 
population [2]. In India alone, between 13 to 19 million 
couples are estimated to be infertile at any given time [3].

Clomiphene citrate (CC) continues to be the primary 
pharmacologic agent employed to induce ovulation. 

The anti-estrogenic action of  clomiphene on the 
endometrium and cervical mucus is believed to contribute to 
discrepancies between ovulation and conception rates. 
Optimal endometrial receptivity is vital for successful 
i m p l a n t a t i o n .  S i l d e n a f i l  c i t r a t e ,  a  s e l e c t i v e 
phosphodiesterase-5 inhibitor, enhances nitric oxide-
mediated vasodilatation thereby improving uterine perfusion 
and potentially aiding endometrial development [4,5] and 
remodeling of the endometrial matrix [6].

Estradiol valerate promote endometrial proliferation, likely 
due to enhanced perfusion of the basal layer.

Based on these considerations, the current hospital-based 
comparative study was conducted to evaluate endometrial 
thickness following ovulation induction by using clomiphene 
citrate in isolation versus combination along with adjuvant 
agents-estradiol valerate and sildenafil citrate.

MATERIALS AND METHODS
 Study Design And Participants:
A prospective observational and comparative study was 
conducted at Krishna Vishwa Vidyapeeth, including 96 
subjects suffering from primary or secondary infertility 
patients on whom ovulation induction is done with 
clomiphene citrate. Exclusions include ovulation inductions 
done other than clomiphene citrate and any contraindication 
of Clomiphene Citrate, Sildenafil citrate and Estradiol 
valerate. Participants were randomized into two groups:
Group A: Clomiphene Citrate Alone

Group B: Clomiphene citrate + estradiol valerate

Group C: Clomiphene citrate + sildenafil citrate

Endometrial thickness was measured using transvaginal 
sonography on the day of hCG trigger. Endometrial pattern, 
ovulation rate, and clinical pregnancy rate were also 
assessed. Statistical analysis was performed using 
appropriate tests, with p < 0.05 considered significant.

RESULTS:
Results of the present study substantiate the use of sildenafil 
and estradiol valerate as effective adjuvants to clomiphene 
citrate. Both agents improved endometrial thickness more 
than clomiphene citrate in isolation. Given the importance of 
adequate endometrial growth and perfusion in achieving 
successful implantation, especially in patients with 
suboptimal endometrial response, the findings have 
important implications for enhancing outcomes in ovulation 
induction protocols.

DISCUSSION:
The present study was undertaken to evaluate and compare 
the efficacy of estradiol valerate and sildenafil citrate as 
adjuvants to clomiphene citrate CC) in improving 
endometrial receptivity, assessed in terms of endometrial 
thickness, among women undergoing ovulation induction. A 
total of 96 women were recruited and equally divided into 
three groups: Group A received CC alone, Group B received 
CC with sildenafil, and Group C received CC with estradiol 
valerate. The findings were interpreted in the context of 
baseline demographic comparability, serial follicular 
ultrasound evaluations, and supporting evidence from prior 
clinical studies.

Endometrial 
Thickness (mm)

Group N Mean SD p- value

Day 2 A 32 3.07 0.43 0.74

B 32 3.00 0.33

C 32 3.03 0.35

Day 5 A 32 3.46 0.53 0.586

B 32 3.76 0.46

C 32 3.88 0.40

Day 7 A 32 4.76 0.60 0.361

B 32 4.62 0.57

C 32 5.01 0.52

Day 9 A 32 5.51 0.71 0.429

B 32 5.60 0.72

C 32 5.89 0.77

Day 14 A 32 7.19 1.44 <0.01 (all groups)

B 32 8.21 1.19

C 32 8.78 1.11

Study Group Mean Endometrial 
Thickness (Day 14)

Statistical 
Significance

Group A (CC only) 7.19 mm Reference group

Group B 
(Sildenafil + CC)

8.21 mm p < 0.01

Group C 
(Estradiol + CC)

8.78 mm p < 0.01 vs Group A
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CONCLUSION:
This study demonstrates that the addition of either sildenafil 
citrate or estradiol valerate to clomiphene citrate significantly 
enhances endometrial thickness in women undergoing 
ovulation induction. By Day 14 of the treatment cycle, both 
adjuvant groups-sildenafil (Group B) and estradiol (Group 
C)-showed significantly greater endometrial thickness 
compared to clomiphene citrate alone (Group A), with the 
estradiol group achieving the highest mean thickness. These 
findings support the use of either sildenafil or estradiol as 
effective adjuvants to clomiphene citrate for improving 
endometrial receptivity, which may translate into better 
clinical outcomes in ovulation induction protocols. Further 
studies with larger samples and pregnancy outcome 
measures are warranted to substantiate these findings.
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