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Objective

To explore the clinical outcomes of unstimulated in vitro maturation (IVM) after oocyte retrieval with gynecological surgery (IVM-surgery) for refractory polycystic ovary syndrome (PCOS) and analyze the influencing factors.



Methods

Patients with refractory PCOS who underwent unstimulated IVM-surgery from June 2014 to September 2018 were included in this retrospective cohort study. Matured IVM oocytes were freshly fertilized and subsequently frozen at the blastocyst stage. Frozen-thawed embryo transfer was then conducted according to the desire of patients. Oocytes and embryological outcomes, reproductive outcomes were evaluated. Influencing factors of oocytes and embryological outcomes were analyzed by univariate analysis and multivariate analysis. Receiver operating characteristic curves were used to evaluate the predict value of serum hormone levels for oocytes and embryological outcomes.



Results

A total of 93 patients with refractory PCOS who underwent unstimulated IVM-surgery were included in this study.13 patients (13/85, 15.3%) had spontaneous pregnancy and live birth after surgery. 34 patients (34/93, 36.6%) obtained blastocysts and received embryo transfer, of which 13 patients (13/34, 38.2%) eventually achieved live birth by IVM. Higher anti-Mullerian hormone, antral follicle count and basal serum luteinizing hormone (LH) levels were strongly correlated with higher number of oocytes retrieved (P = 0.004, 0.004, 0.040, respectively). Higher basal serum follicle-stimulating hormone (FSH) and LH were significantly associated with higher oocyte maturation rate (P = 0.001 and P = 0.004, respectively) and blastocyst formation (P = 0.036 and P = 0.003, respectively). There was a significant linear correlation between basal serum FSH and LH (r = 0.500, P <0.001). What is more, basal serum FSH and LH had predictive value for oocytes and embryological outcomes.



Conclusion

Unstimulated IVM-surgery provided the opportunity for both spontaneous pregnancy and assisted reproductive technology. Basal FSH and LH were significantly associated with oocyte maturation rate and blastocyst formation of unstimulated IVM-surgery.
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Introduction

Polycystic ovary syndrome (PCOS) is a highly prevalent disorder effecting reproductive-aged women worldwide, which is characterized by clinical or biochemical hyperandrogenism, ovulatory dysfunction and polycystic ovarian morphology (1). The first line treatment for PCOS is clomiphene citrate, which has an ovulation rate of 80%, but 20% of patients are still resistant to clomiphene citrate. Patients who are refractory to at least 3 clomiphene citrate treatment cycles can be diagnosed as refractory PCOS (2). Transvaginal retrieval of immature oocytes has been used for refractory PCOS patients and showed some therapeutic effects (3).

In vitro maturation (IVM) has been used as a technique that has led to the birth of thousands of healthy babies worldwide (4). IVM involves the retrieval of immature oocytes followed by in vitro culture to obtain mature oocytes, which has mainly been applied for women with PCOS to avoid the risk of ovarian hyperstimulation syndrome (5) and fertility preservation strategy for women with cancer (6). Compared to conventional in vitro fertilization (IVF) treatment, IVM has fewer complications due to the lower hormonal side effects, which is less costly and simpler to perform.

Currently, retrieval of immature oocytes and subsequent IVM in combination with gynecological surgery (IVM-surgery) for benign gynecological diseases is poorly studied. Oocyte retrieval for IVM does not require synchronization with the menstrual cycle or lengthy pretreatment (7), which provides a possibility to perform IVM simultaneously with gynecological surgery. For instance, some patients may undergo a hysteroscopic examination or laparoscopic surgery, transvaginal retrieval of immature oocytes during endoscopic gynecological procedures could be considered. On one hand, IVM-surgery for patients who will undergo subsequent IVF could avoid the additional procedures of ovarian stimulation and oocyte retrieval, which will reduce surgery associated complications, cost and extra time requirements. On the other hand, for patients who wish to have spontaneous pregnancy, IVM-surgery could restore normal pelvic anatomy, create conditions for spontaneous pregnancy and furthermore allow for fertility preservation (8).

Our center of reproductive medicine previously had conducted the first prospective cohort study to evaluate the effectiveness and safety of unstimulated IVM associated with laparoscopy/hysteroscopy procedures. The previous study included a total of 158 women with refractory PCOS who underwent IVM-surgery. Matured IVM oocytes obtained from these women were either freshly fertilized and subsequently frozen at the blastocyst stage (fresh oocyte group, n = 46) or the oocytes were frozen (frozen oocyte group, n = 112) for fertility preservation followed by later thawing for insemination and cleavage embryo transfer (ET) (n = 33). In the fresh oocyte group, the clinical pregnancy rate and live birth rate per ET cycle were 69.2% and 53.8%, respectively. In the frozen oocyte group, the clinical pregnancy rate and live birth rate per ET cycle were 28.6% and 19.1%, respectively. The previous study concluded that IVM-surgery on unstimulated ovaries is a novel option that can be considered for fertility preservation for women requiring gynecological surgery. However, the sample size of previous studies was small. Due to the poor fertility outcome of frozen oocyte group, we did not continue the corresponding study, but focused on the IVM population. The previous study only included 46 patients of which matured IVM oocytes were freshly fertilized and subsequently frozen at the blastocyst stage. We subsequently expanded the sample size to recruit more patients with refractory PCOS who were willing to undergo unstimulated IVM-surgery. Therefore, this study retrospectively analyzed the clinical outcomes of these patients and analyzed the influencing factors.



Materials and Methods


Study Design and Patients

This was a retrospective cohort study of patients with refractory PCOS who underwent laparoscopic and/or hysteroscopic surgery for benign indications at the Reproductive Centre of the Peking University Third Hospital from June 2014 to September 2018. This study was conducted based on a finished prospective cohort study (Clinical Trials ID: chictr-ONC-17011861). The study was approved by the Ethics Committee of Peking University (2014S2004).

The inclusion criteria were as follows: (1) infertile women with refractory PCOS who has undergone laparoscopy/hysteroscopy and conducted IVM during the surgery. PCOS was diagnosed according to the Rotterdam ESHRE/ASRM consensus criteria (2004); (2) age ≤ 38 years old; (3) basal serum follicle-stimulating hormone (FSH) < 10 IU/L. Exclusion criteria were: (1) with previous ovarian surgery, pelvic mass of unclear origin, bilateral ovarian cyst or clinical suspicion of endometrial hyperplasia; (2) with other endocrine severe diseases, immune diseases, and tumors. After retrieval of immature oocytes, in vitro culture was conducted to obtain mature oocytes and then matured IVM oocytes were freshly fertilized and subsequently frozen at the blastocyst stage. The recruited patients were followed up until March 2020.



Transvaginal Oocyte Retrieval and Gynecological Surgery

No stimulation with gonadotropin and no human Chorionic Gonadotropin (hCG) trigger treatment before immature follicle aspiration was conducted. Immature follicle aspiration was carried out by an experienced operator before gynecological surgery. All visible follicles (2-10mm) were aspirated with 19-gauge single-lumen aspiration needles (K-OPS-7035-REH-ET; Cook, Queensland, Australia) under a suction pressure of 80 mmHg. Laparoscopic ovarian drilling was the most common surgical procedure performed during this study. Each patient received only once laparoscopic ovarian drilling. For patients with anti-mullerian hormone (AMH) < 5 ng/ml, laparoscopic ovarian drilling is not considered. As this study was conducted based on a finished prospective cohort study, detailed information can be found in XL Song’s study (8).



IVM Culture Protocol, Oocyte Fertilization, Embryo Culture and Blastocyst Vitrification

The cumulus–oocyte complexes (COCs) were examined under a stereomicroscope (Nikon, SMZ1000, Japan), which were then transferred into IVM oocyte medium (Sage IVM media kit; Origio, Denmark) supplemented with 0.075 IU/ml of FSH and 0.075 IU/ml of luteinizing hormone (LH) (Menopur; Ferring Reproductive Health, Kiel, Germany) for maturation. Maturity of COCs was then evaluated after IVM culture for 28–32 h. Immature oocytes were further cultured for an additional 10–14 h. Only oocytes with extrusion of the first polar body were considered to be mature (metaphase II (MII) stage oocytes). Mature oocytes were inseminated by intra-cytoplasmic sperm injection, which is done routinely for IVM in our lab, but not because of male factors. All embryos were cultured in GM medium (G-M, Life Global, CT, USA) supplemented with 10% synthetic serum substitute (SSS; Irvine Scientific, Santa Ansa, CA, USA). Quality of embryos was evaluated according to the Istanbul Consensus Workshop on Embryo Assessment criteria (9). Day-3 embryos were further cultured to develop into the blastocyst for cryopreservation. Blastocysts were evaluated according to the Gardner morphological grading system.



Frozen-Thawed Embryo Transfer

Blastocyst vitrification and thawing procedure were reported previously (10). Oral oestradiol valerate (Progynova, 6 mg, daily; Schering, Berlin, Germany) was initiated on the second day of the menstrual cycle. Progesterone withdrawal bleeding was administrated for anovulatory women to identify the menstrual cycle phase. Progesterone intravaginal gel (Crinone 8% 90 mg, daily; Merck Serono, USA) combined with oral dydrogesterone was administered for 7 days when the endometrial thickness reached 8mm. After 7 days of progesterone treatment, one blastocyst was transferred into the uterine. Detailed information can be found in XL Song’s study (8).



Clinical Data and Definitions

The basic characteristics of the participants, such as age, body mass index (BMI), infertility type, infertility duration, insulin resistance, AMH, basal serum FSH, luteinizing hormone (LH), testosterone levels on the 3rd menstruation day, antral follicle count (AFC) and free androgen index (FAI) (total testosterone×100/sex hormone binding globulin) were evaluated. Insulin resistance was defined as index of homeostasis model assessment of insulin resistance (HOMA-IR)> 2.5. HOMA-IR = fasting blood glucose (mmol/L) × fasting insulin level (mIU/L)/22.5. Oocytes, embryological outcomes and reproductive outcomes of IVM-surgery were also evaluated. Oocyte maturation rate was defined as the number of MII oocytes divided by all the cultured oocytes. Live birth was defined as the birth of at least one living child, irrespective of the duration of gestation. Patients were considered lost to follow-up when we cannot reach them in any way.



Statistical Analysis

Characteristics were presented as mean ± standard deviation (SD) or median (interquartile range, IQR) for continuous variables, and percentages for categorical variables. Comparisons between ratios were performed using the Chi-square test or Fisher exact test. Continuous variables were analyzed by t-test or nonparametric tests. Logistic regression models were used to estimate the effect of serum hormone levels on oocytes and embryological outcomes. Associations between two parameters were evaluated by Spearman’s test and scatter plots were drawn. Receiver operating characteristic curves (ROC) were made to determine the relationship between serum hormone levels and oocytes and embryological outcomes. Cut-off values of number of oocytes retrieved and oocyte maturation rate for predicting blastocysts formation was determined by ROC curve and its clinical practical value. Statistical significance was set at a probability (P) value < 0.05. Analysis was performed using statistical package for social science (SPSS) software, version 25.0 (IBM, Armonk, New York, USA).




Results


Characteristics and Oocytes Outcomes of Refractory PCOS Patients Who Underwent IVM-Surgery

A total of 93 patients with refractory PCOS who underwent unstimulated IVM-surgery were included in this study. Baseline characteristics, surgical indications as well as oocytes and embryological outcomes are presented in Table 1.


Table 1 | Characteristics of the study participants who underwent IVM-surgery.





Reproductive Outcomes of Patients With IVM-Surgery

Of the 93 patients with refractory PCOS who underwent unstimulated IVM-surgery, 8 patients (8/93, 8.6%) were lost to follow-up. Reproductive outcomes of 85 patients were shown in Figure 1. After IVM-surgery, 47 patients met the criteria for natural conception after surgery and attempted to be pregnant without assisted reproductive technology, of which 13 patients (13/85, 15.3%) had a live birth. On the other hand, among the 93 patients, 42 patients (42/93, 45.2%) obtained blastocysts, 34 patients received embryo transfer, and 13 patients (13/34, 38.2%) eventually achieved live birth, as shown in Figure 1. Due to the limited sample size, we did not explore the influencing factors of natural conception and live birth through IVM.




Figure 1 | Reproductive outcomes of patients with IVM-surgery. ET, embryo transfer; IVM, in vitro maturation; IVF, in vitro fertilization.





Factors Influencing the Number of Oocytes Retrieved During IVM-Surgery for Refractory PCOS Patients

We divided the patients into two groups according to the number of oocytes retrieved, with a threshold of 15. There were statistically significant differences in serum AMH, AFC and basal serum LH levels between the two groups, as shown in Table 2. Multivariate analysis results further confirmed the correlation between serum hormone level, AFC and number of oocytes retrieved (Table 3). AMH, AFC and LH levels were higher in patients with number of oocytes retrieved > 15 oocytes when compared to patients with fewer oocytes (P = 0.004, 0.004, 0.040, respectively). However, there were no statistically significant differences in other indicators between the two groups.


Table 2 | Factors influencing the number of oocytes retrieved during IVM-surgery.




Table 3 | Multivariate analysis of factors influencing oocytes and embryological outcomes.





Factors Influencing Oocyte Maturation Rate During IVM-Surgery for Refractory PCOS Patients

We divided the patients into two groups according to oocyte maturation rate, with a threshold of 50%. There were statistically significant differences in basal serum FSH and basal serum LH levels between the two groups, as shown in Table 4. Multivariate analysis results further confirmed the above results (Table 3). FSH and LH levels were higher in patients with oocyte maturation rate > 50% (P = 0.001 and P = 0.004, respectively). Besides, Spearman’s test demonstrated that there was a significant linear correlation between basal serum FSH and LH (r = 0.500, P < 0.001) (Figure 2). Furthermore, the predictive value of basal serum FSH and LH on oocyte maturation rate was analyzed by ROC curve. The areas under the ROC curve (AUC) of FSH and LH were 0.688 and 0.610 (P = 0.004 and P = 0.089, respectively), respectively. Therefore, serum basal FSH showed predictive value for oocyte maturation rate (Figure 3A).


Table 4 | Factors influencing oocyte maturation rate during IVM-surgery.






Figure 2 | Correlation between basal serum FSH and LH. There was a significant linear correlation between FSH and LH (r = 0.500, P < 0.001).






Figure 3 | Receiver operating characteristic curve of basal serum FSH and LH in prediction of oocytes and embryological outcomes. (A) Basal serum FSH has predictive value for oocyte maturation rate. (B) Both basal serum FSH and basal serum LH has predictive value for available blastocysts.





Factors Influencing Blastocysts Formation During IVM-Surgery for Refractory PCOS Patients

As for blastocysts formation, there were also statistically significant differences in basal serum FSH and basal serum LH levels between the two groups, as shown in Table 5. Multivariate analysis results also confirmed the above results (Table 3). FSH and LH levels were higher in patients with blastocysts formation (P = 0.036 and P = 0.003, respectively). Besides, AUC of FSH and LH for predicting blastocysts formation were 0.646 and 0.654, respectively, with P = 0.020 and P = 0.014, respectively. Therefore, both serum basal FSH and LH showed predictive value for blastocysts formation (Figure 3B).


Table 5 | Factors influencing available blastocysts formation during IVM-surgery.






Discussion

In the present study, patients with refractory PCOS undergoing unstimulated IVM-surgery were included. IVM-surgery offered the opportunity for both spontaneous pregnancy and assisted reproductive technology. Total of 26 patients (26/85, 30.6%) finally achieved live birth after IVM-surgery by spontaneous pregnancy or by IVM. For refractory PCOS patients undergoing IVM-surgery, higher AMH, AFC and LH levels were strongly correlated with higher number of oocytes retrieved. Higher basal FSH and LH were significantly associated with higher oocyte maturation rate and blastocyst formation, what is more, basal FSH and LH had predictive value for oocytes and embryological outcomes.

Our study did demonstrate the effectiveness of IVM for refractory PCOS patients, with 45.2% (42/93) of patients obtaining blastocysts, 81.0% (34/42) of which underwent embryo transfer and 38.2% (13/34) finally had live births through IVM. IVM is not appropriate for normally ovulating patients with dominant follicles, because dominant follicles can inhibit the growth of other follicles and promote atresia, leading to adverse outcomes for IVM (8). All patients included in this study had refractory PCOS, and these patients basically had no dominant follicle growth, which met IVM requirements. Song XL’s study also confirmed that for IVM-surgery, 41.3% (19/46) of patients obtaining blastocysts, 68.4% (13/19) of which underwent embryo transfer and 53.8% (7/13) finally had live births through IVM. Thus, IVM-surgery for refractory PCOS is feasible.

IVM-surgery not only provided patients with the opportunity to have a pregnancy through assisted reproductive technology, but also provided them with the opportunity to have spontaneous pregnancy. Patients included in this study were infertile patients with refractory PCOS, thus these patients would continue to be infertile and unable to obtain a spontaneous pregnancy without the intervention of IVM-surgery. With treatment of IVM-surgery, 13 patients (13/85, 15.3%) had spontaneous pregnancy and live birth after surgery, which proved that IVM-surgery provided conditions for spontaneous pregnancy. Effect of IVM-surgery on spontaneous pregnancy could be explained as follows. On one hand, the procedure itself could remove the pathological factors affecting infertility. On the other hand, the procedure of laparoscopic ovarian drilling and aspiration of transvaginal oocyte retrieval reduced the number of theca cells, which decreased the production of androgen (11). What was more, transvaginal oocyte retrieval reduced ovarian punctures and did not require electrocautery, which led to less trauma to the ovarian tissue and protected the ovarian reserve. All these created conditions for spontaneous pregnancy.

As for the IVM technology, the technique is not widely used because there are still many unresolved issues, such as the oocyte retrieval protocol, the composition of the culture medium, and the culture time, which are still uncertain. In the present study, we also explored the factors influencing the oocytes and embryological outcomes.

Basal AMH, AFC and LH showed strong correlation with the number of oocytes retrieved. AMH is specifically expressed in granulosa cells of small growing follicles, which is important indicators reflecting ovarian reserve (12). It has been proposed as a surrogate for antral follicle count in the diagnosis of PCOS. Previous studies have noted that there was a linear relationship between AMH and oocyte yield after ovarian stimulation (13, 14). Therefore, AMH is of value in predicting oocyte yield for IVM. AFC is also an important indicator of ovarian reserve, which is the number of antral follicles detected by transvaginal ultrasound before oocyte retrieval. Therefore, theoretically, the AFC is a direct parameter of the number of oocytes obtained. The present study showed that AFC was strongly correlated with the number of oocytes retrieved, which was also consistent with the results of previous studies (15, 16). LH showed positive correlations with AMH in the PCOS patients (17), which may be the reason why LH was found to correlate with the number of oocytes obtained in our study.

Basal FSH was closely related to oocyte maturation rate and blastocyst formation in present study. FSH stimulates the growth and maturation of immature oocytes into mature (Graafian) secondary follicles before ovulation (18). For PCOS patients, low levels of FSH makes it difficult to reach the “threshold” required for follicle maturation, which is an important cause of follicle arrest (19). Therefore, FSH pretreatment before IVM or addition of FSH to the culture system of IVM, theoretically, could promote follicular growth and maturation and thus improve the oocytes and embryological outcomes. In our study, median of matured oocyte rate in IVM was 41.5%, which was lower than the previous study in which Walls et al. reported that matured oocyte rate was as high as 73.0% (5). The reason for the low rate of matured oocyte rate in our study was that we did not use any gonadotrophins stimulation before transvaginal oocyte retrieval procedure, however Walls et al. administered gonadotrophins for 3–6 days before IVM (FSH priming). Anderiesz et al. demonstrated that the addition of recombinant FSH alone into the culture system increased the maturation of human oocytes compared to the maturation of oocytes with no hormones (20). Further, Jesús Cadenas noted that FSH improved oocyte nuclear maturation at concentrations above 70 IU/L suggesting a threshold for FSH during IVM of in vitro collected human oocytes from small antral follicles (21). Our study also found similar conclusions: compared with those with lower basal serum FSH, those with higher basal FSH had higher oocyte maturation rate and higher probability of blastocyst acquisition. Meanwhile, FSH showed certain predictive value for oocytes and embryological outcomes. These studies suggested that FSH pretreatment before transvaginal retrieval of immature oocytes or culture medium supplemented with FSH could improve IVM oocytes and embryological outcomes. Therefore, in subsequent clinical practice, we could give appropriate FSH stimulation before IVM-surgery.

Basal LH also showed close relationship with oocyte maturation rate and blastocyst formation. Patients with PCOS often have increased pulsatile release of pituitary gonadotropins, as evidenced by abnormally elevated LH (22). LH has a role in promoting ovulation and oocyte maturation in humans. Child TJ reported a maturation rate of 80.3% for IVM outcomes with natural cycle in patients with PCOS (23), which was much higher than the data in our study (41.5%), which may be due to the fact that Child TJ’s study used a modified natural cycle protocol for IVM using hCG to induce ovulation 3-5 days prior to ovulation retrieval, whereas all patients in our study did not have hCG trigger therapy prior to ovulation retrieval. However, recent evidence suggested that IVM culture systems plus LH were not associated with oocyte maturation. C. Accardo et al. demonstrated that LH alone had no effect on the developmental of potential of bovine oocytes (24), which neither improved matured oocyte rate nor blastocyst formation, however recombinant FSH alone or in combination with recombinant LH may have stimulatory effects on the progression of the meiotic cycle (24). It can be explained by the phenomenon that cumulus and granulosa cells of medium-sized (2–6 mm) follicles express FSH receptors but could hardly express LH receptors (25). Rubens Fadini et al. noted that hCG could promote in vivo meiotic resumption and progression to the MII stage in oocytes of follicles of a diameter of 10–12 mm (26). Therefore, LH could hardly affect the growth and development of small follicles. In this study, the follicles obtained from patients with refractory PCOS were all small follicles, so theoretically, basal serum LH did not affect the development of follicles. However, our study found that LH was significantly correlated with oocyte maturation rate and blastocysts formation, which may be related to several reasons. On one hand, this study showed the significant linear correlation between LH and FSH in included patients, therefore due to the linear correlation between FSH and LH, the effect of FSH on oocyte maturation and blastocysts formation could lead to the significant correlation between LH and oocyte maturation and blastocysts formation. In other words, although theoretically basal serum LH did not affect the development of small follicles as we have discussed above, the direct impact of FSH on follicles and linear correlation between LH and FSH led to the phenomenon that LH was significantly correlated with oocyte maturation rate and blastocysts formation. One the other hand, another possible reason was that the level of LH represented the severity of PCOS, which itself affected follicular growth and development through other pathways, and therefore showed a significant correlation between LH and oocyte maturation rate and blastocysts formation. And whether LH could affect follicular growth and development through other unexplored ways needs to be confirmed by further studies.

Both FSH and LH play important roles in follicular growth, development and maturation. Previous studies have also demonstrated that FSH combined with LH can improve follicle and embryo outcomes for IVM. C Accardo compared the effects of four different IVM culture medium on sheep oocytes (IVM culture medium with recombinant FSH (r-FSH) alone, recombinant LH (r-LH) alone, r-FSH and r-LH simultaneously and without gonadotropin), which discovered the highest maturation rate was reached in the r-FSH/r-LH group (91.9%) (24). Anderiesz et al. demonstrated that although r-FSH combination with r-LH did not significantly increase matured oocyte rate, it could improve human embryonic developmental competence (20). Fadini R assessed and compared the clinical efficiency of four different priming approaches for normo-ovulatory women: no priming, hCG (10,000 IU), FSH (150 IU/d for 3 days from day 3), and FSH/hCG (26). They found that FSH/hCG priming generated the highest amount of MII oocytes and clinical pregnancy rates were much higher in the FSH/hCG treated women compared with all the other treatments. We speculated that FSH combined with LH can affect follicles of different stages and sizes. FSH promotes follicle growth and LH promotes maturation of grown follicles, thus jointly improves oocytes and embryological outcomes. Therefore, for refractory PCOS patients, appropriate FSH stimulation before IVM-surgery can be applied without LH stimulation simultaneously because of the absence of LH receptor in small follicles from refractory PCOS patients, however, whether LH should be added after FSH stimulation depends on the size and stage of follicles.

There were some advantages and disadvantages of this study. To the best of our knowledge, this study was the largest to date in exploring unstimulated IVM-surgery. The study confirmed the feasibility of unstimulated IVM-surgery. More importantly, the clinical practice significance of IVM-surgery is that it opens up new options for assisted reproduction, which is a novel option that can be considered for fertility preservation for women requiring gynecological surgery, without affecting the effect of surgery. After the IVM-surgery, the patient has both the chance of spontaneous pregnancy and the choice of assisted reproduction, and when the patient chooses assisted reproduction after IVM-surgery, they already have had a transplantable blastocyst. What is more, this study found the factors affecting oocytes and embryological outcomes. These significant findings suggested that appropriate gonadotropins stimulation could be given before IVM-surgery in subsequent assisted reproductive clinical practices. The disadvantage of this study was that due to the limited sample size, the influencing factors of live birth in IVM-surgery could not be further explored. Subsequent studies could further explore the influencing factors of live birth in IVM-surgery and the effectiveness of gonadotropins stimulation before IVM-surgery.



Conclusion

Unstimulated IVM-surgery provided the opportunity for both spontaneous pregnancy and assisted reproductive technology. Basal FSH and basal LH were significantly associated with oocyte maturation rate and blastocyst formation of unstimulated IVM-surgery.
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