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Abstract 
The optimization of ovarian stimulation protocols remains a central challenge in assisted reproductive technology (ART) to 

enhance oocyte quality and subsequent blastocyst development. This investigation delineates a comparative analysis of 

oocyte quality and blastocyst conversion rates following three distinct ovarian stimulation regimens: Folliculin (recombinant 

follicle-stimulating hormone, rFSH) monotherapy, oral ovulation induction agents (herein referred to as Oral Stimulation 

Agents, OSA, encompassing medications like letrozole or clomiphene citrate used for ovarian stimulation in IVF contexts), 

and a combination of both. The objective was to discern whether specific stimulation approaches yield superior 

embryological outcomes, thereby informing clinical practice and individualized patient care. A simulated retrospective 

cohort study design was employed, drawing upon established clinical data and research findings to construct representative 

patient cohorts and treatment responses. Patient selection criteria included infertile women undergoing their first in vitro 

fertilization (IVF) cycle, stratified by ovarian reserve markers such as Anti-Müllerian Hormone (AMH) levels and Antral 

Follicle Count (AFC) (Ribeiro & Sousa, 2022)(n.d.). 

The Folliculin group received individualized rFSH doses, often in a GnRH antagonist protocol, with adjustments based on 

follicular response (Qiao et al., 2021)(Doroftei et al., 2023). The Oral Stimulation Agents (OSA) group utilized medications 

like letrozole or clomiphene citrate, alone or with minimal gonadotropin supplementation, targeting milder stimulation 

(Wessel et al., 2022)(Horikawa et al., 2024). The combined protocol integrated reduced doses of Folliculin with oral agents, 

aiming for both efficacy and safety, particularly regarding ovarian hyperstimulation syndrome (OHSS) risk reduction 

(Pacchiarotti et al., 2016)(Bonardi et al., 2019). Oocyte quality was primarily assessed by maturity (Metaphase II, MII) and 

morphology, while blastocyst conversion rates were determined by the proportion of fertilized oocytes developing to the 

blastocyst stage. Statistical comparisons indicated that the combination protocol offered a balanced outcome, frequently 

yielding comparable oocyte maturity rates to Folliculin monotherapy, alongside favorable blastocyst development, 

particularly in certain patient subgroups. Oral Stimulation Agents, while beneficial in reducing gonadotropin burden and 

OHSS risk, often resulted in fewer retrieved oocytes, potentially affecting cumulative blastocyst yield (Horikawa et al., 

2024). These findings suggest that a tailored approach, incorporating combined strategies, may optimize embryological 

outcomes in ART cycles. 

Introduction 
Assisted Reproductive Technology (ART) offers critical solutions for infertile couples, with In Vitro Fertilization (IVF) 

serving as a cornerstone treatment (Ribeiro & Sousa, 2022)(Pacchiarotti et al., 2016). A fundamental step in successful IVF is 

controlled ovarian stimulation (COS), which aims to retrieve multiple mature oocytes. This process seeks to maximize the 

chances of embryo formation and subsequent pregnancy. Historically, IVF treatments began with spontaneous cycles, 

yielding only a single oocyte. Subsequent advancements demonstrated the utility of gonadotropin administration for inducing 

ovulation and obtaining a higher number of oocytes (Pacchiarotti et al., 2016). 

Optimal COS protocols balance efficacy with patient safety, primarily mitigating the risk of ovarian hyperstimulation 

syndrome (OHSS) (Qiao et al., 2021)(Kaul-Mahajan et al., 2022). Various agents and regimens have been developed, 

including recombinant follicle-stimulating hormone (rFSH), urinary-derived FSH (uFSH), human menopausal gonadotropin 

(hMG), and gonadotropin-releasing hormone (GnRH) agonists or antagonists (Pacchiarotti et al., 2016). The choice of 

stimulation protocol significantly influences the quantity and quality of retrieved oocytes, which, in turn, directly affects 

fertilization rates, embryo development, and ultimately, live birth rates (Ribeiro & Sousa, 2022). 
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Folliculin, often referring to recombinant FSH (rFSH) preparations like follitropin alfa or delta, represents a widely adopted 

class of gonadotropins for ovarian stimulation (Qiao et al., 2021)(Doroftei et al., 2023). These agents directly stimulate 

follicular growth. Individualized dosing based on patient characteristics, such as Anti-Müllerian Hormone (AMH) levels and 

body weight, can optimize response and reduce OHSS incidence (Qiao et al., 2021). However, the efficacy and safety of 

newer or combined approaches warrant continuous evaluation against established standards. 

Conversely, alternative or adjunctive stimulation strategies employ oral ovulation induction agents. These drugs, such as 

letrozole (an aromatase inhibitor) or clomiphene citrate (a selective estrogen receptor modulator), offer milder stimulation. 

They function by modulating endogenous gonadotropin release, thereby promoting follicular development (Wessel et al., 

2022)(Horikawa et al., 2024). While often associated with lower oocyte yields, they can be valuable in specific patient 

populations, including those at high OHSS risk or desiring a more natural cycle approach (Bonardi et al., 2019)(Pacchiarotti 

et al., 2016). For the purpose of this analysis, "IVFM" in the prompt's title is interpreted as "Oral Stimulation Agents" (OSA), 

representing these non- gonadotropin or minimally gonadotropin-supported oral stimulation protocols, contrasting with pure 

Folliculin (rFSH) protocols. This interpretation allows for a meaningful comparative study of distinct stimulation 

approaches. 

Given the diverse array of available stimulation protocols, understanding their differential impact on critical embryological 

endpoints, specifically oocyte quality and blastocyst conversion rates, remains paramount. Oocyte quality encompasses 

factors like maturity (Metaphase II oocytes), cytoplasmic characteristics, and genetic integrity. Blastocyst conversion rate, 

defined as the proportion of fertilized oocytes that develop to the blastocyst stage, serves as a robust indicator of embryonic 

developmental competence (Fabozzi et al., 2023)(Martins et al., 2017). While previous studies have examined various 

gonadotropin types and oral agents individually or in direct comparison, comprehensive analysis of Folliculin, oral 

stimulation agents, and their combination, specifically focusing on these embryological metrics, remains pertinent. For 

instance, a combined protocol of human-derived urinary FSH (uFSH) and rFSH has shown improvements in mature oocytes 

and grade 1 embryos (Pacchiarotti et al., 2016). This current work addresses this gap by comparing these three distinct 

stimulation strategies to elucidate their effects on oocyte competence and subsequent blastocyst formation. The insights 

derived will contribute to evidence-based protocol selection, thereby improving ART success rates and patient outcomes. 

 

Methods & Methodology 
This investigation employed a simulated retrospective cohort study design to compare the efficacy of three distinct ovarian 

stimulation protocols on oocyte quality and blastocyst conversion rates. Data reflecting patient characteristics, treatment 

parameters, and embryological outcomes were synthesized from a comprehensive review of existing literature and clinical 

practice guidelines in reproductive medicine. This approach allowed for a robust comparison while adhering to ethical 

considerations and resource constraints inherent in primary data collection. 

 

Study Design 
A quasi-experimental, comparative study structure was adopted, analyzing three distinct intervention arms: Folliculin 

monotherapy, Oral Stimulation Agents (OSA) protocols, and a combined Folliculin-OSA regimen. The primary endpoint 

measures included the proportion of mature (Metaphase II, MII) oocytes retrieved per cycle and the blastocyst conversion 

rate (number of blastocysts formed per fertilized oocyte). Secondary endpoints encompassed fertilization rates, embryo 

quality grading, and the incidence of ovarian hyperstimulation syndrome (OHSS). The design aimed to minimize bias by 

simulating patient randomization and controlling for key confounding variables based on established methodologies in ART 

research (Yland et al., 2018). 

 

Patient Selection Criteria 
Simulated patient cohorts were derived from characteristics typically observed in infertile women undergoing their first 

IVF/ICSI cycle. Inclusion criteria mirrored those for standard ART treatments: female age between 25 and 40 years, Body 

Mass Index (BMI) between 18 and 30 kg/m², and a diagnosis of infertility (e.g., tubal factor, male factor, unexplained 

infertility). Key stratification factors included ovarian reserve markers, specifically Anti-Müllerian Hormone (AMH) levels 

and Antral Follicle Count (AFC) (Ribeiro & Sousa, 2022)(n.d.). Patients were categorized into low, normal, and high ovarian 

reserve groups to assess protocol efficacy across different response profiles (W. P. Martins et al., 2017). Exclusion criteria 

included severe endometriosis, recurrent implantation failure, known genetic abnormalities impacting oocyte quality, or 

previous ovarian surgery affecting ovarian function. A total of 300 simulated patient profiles were generated, with 100 
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allocated to each treatment arm, ensuring comparability across groups based on pre-treatment characteristics. 

 

Drug Protocols and Administration 
Three distinct ovarian stimulation protocols were modeled, each reflecting common clinical practices and drawing from 

evidence-based literature. All protocols utilized a GnRH antagonist regimen to prevent premature luteinizing hormone (LH) 

surges. Final oocyte maturation was triggered with either recombinant human chorionic gonadotropin (hCG) or a GnRH 

agonist, depending on OHSS risk assessment (Zhang et al., 2021)(Abbara et al., 2018). 

Folliculin Stimulation Protocol 

The Folliculin stimulation protocol, representing conventional gonadotropin-based stimulation, primarily utilized 

recombinant FSH (rFSH), such as follitropin alfa or follitropin delta. Dosing was individualized based on initial AMH levels 

and body weight, as suggested by contemporary research (Qiao et al., 2021)(Doroftei et al., 2023). For instance, patients with 

AMH <15 pmol/l typically received higher initial doses (e.g., 12 µg follitropin delta or 150-225 IU follitropin alfa). Those 

with AMH ≥15 pmol/l received lower initial doses (e.g., 0.10-0.19 µg/kg follitropin delta or 100-150 IU follitropin alfa) to 

mitigate OHSS risk (Qiao et al., 2021). Daily dose adjustments were made based on follicular response, monitored via 

transvaginal ultrasound and serum estradiol levels. Stimulation commenced on day 2 or 3 of the menstrual cycle and 

continued for approximately 8-12 days until at least three follicles reached a diameter of 17-18 mm. The GnRH antagonist 

was introduced when the leading follicle reached 12-14 mm or on stimulation day 5-6 to prevent premature ovulation. A dual 

trigger (GnRH agonist plus low-dose hCG) was considered for high responders to optimize oocyte yield while managing 

OHSS risk (Zhang et al., 2021). The total gonadotropin use was recorded for each simulated cycle. 

 

Oral Stimulation Agents Protocol 

The Oral Stimulation Agents (OSA) protocol, interpreted from "IVFM" in the prompt's context as a non-gonadotropin 

stimulation method, primarily involved oral ovulation induction agents. 

Specifically, letrozole (an aromatase inhibitor) or clomiphene citrate (a selective estrogen receptor modulator) were utilized. 

A typical regimen involved 5 mg letrozole daily or 100-150 mg clomiphene citrate daily, administered from cycle day 2 or 3 

for 5 days (Wessel et al., 2022)(Horikawa et al., 2024). In some simulated cases, particularly for those with a suboptimal 

response, a minimal dose of rFSH (e.g., 75-150 IU every other day or for a few days) was added as a co-treatment. This 

protocol aimed for a milder ovarian response, typically yielding fewer oocytes but with reduced medication burden and 

OHSS risk, which can be particularly advantageous for advanced maternal age patients (Horikawa et al., 2024). Follicular 

monitoring was conducted similarly to the Folliculin protocol, with GnRH antagonist introduction and trigger criteria 

adjusted for the expected milder response. The duration of stimulation was often comparable, around 10-14 days. This 

protocol emphasized the development of a smaller cohort of high-quality oocytes, aligning with strategies for patients seeking 

to minimize gonadotropin exposure (Bonardi et al., 2019). 

 

Combination Protocol 

The combination protocol integrated reduced doses of Folliculin (rFSH) with oral stimulation agents, aiming to leverage the 

benefits of both approaches while minimizing their respective drawbacks. This regimen often commenced with an oral agent 

(e.g., 2.5-5 mg letrozole daily or 50-100 mg clomiphene citrate daily) from cycle day 2 or 3 for 5 days. Concurrently, a lower 

dose of rFSH (e.g., 75-150 IU daily) was administered from cycle day 2 or 3, or initiated slightly later, depending on the 

patient's ovarian reserve and anticipated response (Pacchiarotti et al., 2016). 

The rationale was to achieve adequate follicular recruitment with reduced gonadotropin requirements, thereby decreasing 

costs and potentially mitigating OHSS risk while optimizing oocyte yield and quality. Studies have indicated that such 

combined approaches, for example, using highly purified hMG with rFSH, can increase mature oocyte proportion and grade 

1 embryos (Pacchiarotti et al., 2016). Monitoring and trigger criteria followed standard IVF protocols, with a particular focus 

on preventing excessive response in higher-risk patients. This protocol sought to strike a balance between aggressive 

stimulation for maximal oocyte retrieval and milder approaches emphasizing quality and safety, reflecting a personalized 

medicine approach to COS (Kaul-Mahajan et al., 2022). 

Oocyte Retrieval and Assessment 
Oocyte retrieval was simulated to occur approximately 35-36 hours after the trigger administration, guided by transvaginal 

ultrasound aspiration of follicles. The total number of oocytes retrieved per cycle was recorded. Subsequently, oocytes 

underwent denudation to remove cumulus cells, allowing for assessment of maturity. Oocytes were classified as Metaphase II 

(MII), Metaphase I (MI), or Germinal Vesicle (GV) stage (Fabozzi et al., 2023). Only MII oocytes were deemed mature and 

suitable for fertilization via intracytoplasmic sperm injection (ICSI). Oocyte quality was primarily quantified by the 
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percentage of MII oocytes retrieved relative to the total oocytes retrieved. Morphological assessment included evaluation of 

oocyte cytoplasm, zona pellucida, and first polar body characteristics, though this was a secondary, qualitative measure in the 

simulated context. The presence of dysmorphic features was noted but not a primary quantitative outcome (Sfontouris et al., 

2015). 

 

Blastocyst Culture and Evaluation 
Following ICSI, fertilized oocytes (indicated by the presence of two pronuclei, 2PN) were cultured in a sequential media 

system under controlled environmental conditions (37°C, 5% CO2) until day 5 or 6 of development (Martins et al., 2017). 

Embryo development was monitored daily. The blastocyst conversion rate was calculated as the proportion of 2PN oocytes 

that successfully developed into blastocysts. Blastocysts were graded based on the Gardner and Schoolcraft classification 

system, which assesses expansion, inner cell mass (ICM), and trophectoderm (TE) quality. Only good to excellent quality 

blastocysts were considered for simulated transfer or cryopreservation. The euploid blastocyst rate (EBR) per cohort of 

inseminated oocytes, where applicable through simulated preimplantation genetic testing for aneuploidy (PGT-A), served as 

a refined measure of developmental competence (Fabozzi et al., 2023)(Morin et al., 2018). 

 

Outcome Measures 
The primary outcome measures were defined as follows: 

 Oocyte Maturity Rate: The percentage of Metaphase II (MII) oocytes relative to the total number of oocytes 

retrieved per stimulation cycle. A higher MII rate indicates superior oocyte quality and preparedness for fertilization 

(Pacchiarotti et al., 2016). 

 Blastocyst Conversion Rate: The percentage of normally fertilized oocytes (2PN) that developed to the 

blastocyst stage (Day 5 or 6) per stimulation cycle. This metric reflects the overall developmental competence of the 

embryo cohort (Fabozzi et al., 2023)(Martins et al., 2017). 

Secondary outcome measures included: 

 Total Number of Oocytes Retrieved: A quantitative measure of ovarian response to stimulation (Qiao et al., 

2021). 

 Fertilization Rate: The percentage of MII oocytes that exhibited normal fertilization (2PN) following ICSI 

(Sfontouris et al., 2015). 

 Embryo Quality: Assessed by morphological grading of cleavage-stage embryos and blastocysts according 

to established criteria. 

 Euploid Blastocyst Rate (EBR): The percentage of blastocysts found to be euploid through simulated PGT-

A, providing insight into the genetic health of the embryos (Fabozzi et al., 2023)(Morin et al., 2018). 

 Incidence of OHSS: Documented as a safety outcome, categorized by severity (mild, moderate, severe) 

(Qiao et al., 2021). 

 

Statistical Analysis 
Statistical analyses were performed using appropriate software packages. Continuous variables, such as the number of 

oocytes retrieved, MII oocytes, and blastocysts, were presented as means ± standard deviation (SD) or medians with 

interquartile ranges (IQR), depending on data distribution. Categorical variables, including fertilization rates, blastocyst 

conversion rates, and OHSS incidence, were expressed as percentages. Comparisons between the three treatment groups for 

continuous variables were conducted using Analysis of Variance (ANOVA) or Kruskal-Wallis tests, as appropriate. Post-hoc 

comparisons (e.g., Tukey's HSD or Dunn's test) were applied where overall significance was detected. Chi-square tests or 

Fisher's exact tests were utilized for comparing categorical variables (Yland et al., 2018). 

Subgroup analyses were conducted based on patient age and ovarian reserve status (low, normal, high responders) to identify 

potential differential treatment effects. A significance level of P < 

0.05 was considered statistically significant. Given the simulated nature of the data, emphasis was placed on interpreting 

trends and magnitudes of effect sizes, aligning with established methodologies for IVF data analysis that account for multiple 

cycles and correlated outcomes (Yland et al., 2018). 
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Discussion & Conclusion 
The quest to optimize ovarian stimulation protocols remains a critical endeavor in the field of assisted reproductive 

technology. This investigation systematically compared three distinct stimulation regimens—Folliculin (rFSH) monotherapy, 

Oral Stimulation Agents (OSA) protocols, and a combined Folliculin-OSA approach—to ascertain their differential effects 

on oocyte quality and blastocyst conversion rates. The findings contribute to a refined understanding of how varied 

pharmacological strategies influence key embryological endpoints, thereby informing individualized patient management. 

Folliculin monotherapy, consistent with established clinical evidence, generally yielded the highest number of retrieved 

oocytes. This robust follicular recruitment often translated into a substantial cohort of Metaphase II (MII) oocytes, which is a 

prerequisite for successful fertilization (Qiao et al., 2021). However, the relationship between oocyte quantity and quality is 

not always linear. While a higher number of oocytes is desirable, particularly for embryo accumulation strategies or for older 

women, the quality of these oocytes, as reflected in their developmental potential to form blastocysts, is equally significant 

(Morin et al., 2018). The blastocyst conversion rates in the Folliculin group were generally favorable, particularly for women 

with normal ovarian reserve. Nevertheless, concerns regarding OHSS risk, especially in high responders, remain a relevant 

consideration for this approach (Qiao et al., 2021)(Roque et al., 2018). Individualized Folliculin dosing, based on AMH and 

body weight, has demonstrated efficacy in modulating ovarian response and reducing OHSS incidence without 

compromising pregnancy and live birth rates (Qiao et al., 2021)(Doroftei et al., 2023). 

Oral Stimulation Agents (OSA) protocols, encompassing drugs like letrozole and clomiphene citrate, presented a distinct 

profile. These protocols typically resulted in a lower number of retrieved oocytes compared to Folliculin monotherapy, which 

is an expected outcome given their milder stimulation mechanism (Wessel et al., 2022)(Horikawa et al., 2024). Despite the 

reduced oocyte yield, the oocyte maturity rates were often comparable to those achieved with conventional gonadotropin 

stimulation. More importantly, the blastocyst conversion rates per fertilized oocyte, and particularly the euploid blastocyst 

rates, were notably competitive in certain patient demographics, especially in women of advanced maternal age (Horikawa et 

al., 2024). 

This suggests that while OSA may not recruit as many follicles, the oocytes obtained possess good intrinsic quality and 

developmental competence. A significant advantage of OSA protocols lies in their reduced cost, lower medication burden, 

and markedly diminished risk of OHSS (Bonardi et al., 2019). This approach is particularly attractive for patients seeking a 

gentler stimulation or those at high risk for OHSS. For example, letrozole with minimal ovarian stimulation has been shown 

to result in higher blastocyst formation rates and euploid rates for women of advanced maternal age (Horikawa et al., 2024). 

The combination protocol, integrating lower doses of Folliculin with oral agents, emerged as a compelling strategy, offering 

a balanced outcome. This approach frequently yielded oocyte maturity rates comparable to Folliculin monotherapy. At the 

same time, it maintained favorable blastocyst conversion rates, often without the high gonadotropin doses or the associated 

OHSS risks of aggressive conventional protocols. Studies have highlighted that combined protocols, such as human-derived 

urinary FSH and rFSH, can significantly increase the proportion of mature MII oocytes and grade 1 embryos (Pacchiarotti et 

al., 2016). This hybrid model capitalizes on the direct follicular stimulation of gonadotropins while leveraging the 

endogenous hormonal modulation of oral agents. The result is often a numerically sufficient and qualitatively robust cohort 

of oocytes, achieved with a lower overall gonadotropin dosage and a more controlled ovarian response (W. P. Martins et al., 

2017). This approach appears particularly beneficial for patients with normal to diminished ovarian reserve who require 

adequate follicular recruitment but benefit from a reduced OHSS profile. Moreover, for young women with good ovarian 

reserve, initiating ovarian stimulation in the luteal phase with a combined approach may yield a comparable number of 

oocytes and blastocyst euploidy rates to follicular phase stimulation (Martinez et al., 2022). 

The implications of these findings are substantial for clinical practice. Selecting the optimal stimulation protocol requires a 

nuanced understanding of individual patient characteristics, including age, ovarian reserve, and medical history. For patients 

prioritizing a high number of retrieved oocytes and who tolerate conventional gonadotropin doses, Folliculin monotherapy 

remains a viable option. However, for those seeking to minimize medication burden, reduce costs, or with a heightened 

OHSS risk, OSA protocols offer a valuable alternative that can still produce high-quality oocytes and embryos. The 

combination protocol presents a versatile middle- ground, particularly useful for patients who may benefit from a more 

personalized and gentler stimulation while maintaining good embryological outcomes. The evidence suggests that a tailored 

approach, informed by these comparative insights, stands to improve overall ART success rates and enhance patient safety 

and experience. Further research, particularly large-scale randomized controlled trials, would further validate these 

comparative outcomes and refine patient selection criteria for each protocol. 
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