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Background: Reproductive outcomes after fresh in vitro fertilization/intracytoplasmic sperm injection–embryo transfer (IVF/ICSI–ET) cycles are diverse in infertile women with a history of ovarian cystectomy for endometriomas. We aimed to develop a logistic regression model based on patients' characteristics including number of embryos transferred and stimulation protocols to predict the live birth rate in fresh IVF/ICSI–ET cycles for such patients.

Methods: We recruited 513 infertile women with a history of ovarian cystectomy for endometriomas who underwent their first fresh ET with different stimulation protocols following IVF/ICSI cycles in our unit from January 2014 to December 2018. One or two embryo are implanted. Clinical and laboratory parameters potentially affecting the live birth rate following fresh ET cycles were analyzed. Univariable and multivariable analyses were performed to assess the relationship between predictive factors and live birth rate.

Results: The overall live birth rate was 240/513 (46.8%). Multivariable modified Poisson regression models showed that two factors were significantly lowers the probability of live birth: female age ≥ 5 years (aOR 0.603; 95% CI 0.389–0.933; P = 0.023); BMI range 21–24.99 kg/m2 compared with BMI <21 kg/m2 (aOR 0.572; 95% CI 0.372–0.881, P = 0.011). And two factors significantly increased the probability of live birth: AFC >7 (aOR 1.591; 95% CI 1.075–2.353; P = 0.020); two embryos transferred (aOR 1.607; 95% CI 1.089–2.372; P = 0.017).

Conclusions: For these infertile women who had undergone ovarian cystectomy for endometriosis, female age <35 years, AFC > 7, and two embryos transferred might achieve better clinical fresh IVF/ICSI–ET outcomes. BMI <21 kg/m2 or ≥25 kg/m2 might also have positive effects on the live birth rate, but different ovarian stimulation protocols had no significant effects. However, a larger sample size may be needed for further study.
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INTRODUCTION

Endometriosis is defined as the appearance of endometrial glands and stroma in ectopic locations, including ectopic pelvic peritoneum, ovary, and rectovaginal septum. It affects nearly 10% of women of childbearing age and 30–50% of women with chronic pelvic pain and/or infertility (1). Ovarian endometriotic cysts, also known as endometriomas, are so-called “chocolate cysts,” which are usually associated with infertility and increase the risk of endometriosis-related ovarian cancer (2). Laparoscopic surgery is currently considered to be the gold standard for diagnosing infertility related to endometriosis, removing lesions, improving pelvic structure, evaluating fallopian tube and ovarian conditions, and improving the reproductive status of such patients (3, 4). Endometriosis in infertile patients has always been a challenge for clinicians. Such patients usually present with infertility and are eager to meet their reproductive needs through assisted reproductive technology (ART). The most common adjuvant therapies are in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) and embryo transfer (ET) (5).

Should endometriomas be excised before ART? Current guidelines are unclear regarding the benefits of prior endometrioma resection. Some evidence indicates that ovarian surgery simply decreases the amount of viable ovarian tissue (6, 7). Moreover, surgical manipulation might reduce the ovarian reserve, impede ovarian response, and possibly decrease the ART success rate (8–10). A systematic meta review of 13 studies has shown that surgical and expectant management of endometriomas prior to IVF yielded similar clinical pregnancy and live birth rates, antral follicle count (AFC), mature oocyte numbers, and miscarriage rates (11). Thus, endometriomas per se seems to be the main reason for the long-term decline in fertility of patients, and the contribution of surgery is little. Routine cystectomy for endometriomas prior to IVF might not be necessary (11, 12). However, some studies have suggested that surgery can be beneficial. Conservative management of endometriomas in patients undergoing IVF is associated with poorer response to gonadotropin stimulation (13, 14), lower spontaneous ovulation rates (15), and worse oocyte quality (16). Large endometriomas can increase the difficulty of oocyte retrieval, as well as the risk of infection (17, 18). In addition, the proposed indications for resection of a suspected endometrioma prior to ART (19) are: (1) Rapid growth; (2) Present sonographic feature of malignancy; (3) Monolateral disease; (4) Pain symptoms; (5) Intact ovarian reserve; and (6) None previous interventions for endometriosis.

For patients with endometriosis who opt for surgical treatment because of oversized endometriomas affecting oocyte retrieval or chronic pelvic pain or suspected malignant tumor, what factors influence the live birth rate in endometriosis? Which management is more likely to succeed? Some clinicians have found that women with endometriosis and previous cystectomy may respond poorly to gonadotropin stimulation, which may result in less oocyte acquisition and poor pregnancy outcomes. Endometriosis reduces the cumulative live birth rate by reducing the number of embryos that can be transferred rather than their quality (20). A retrospective study comparing three controlled ovarian stimulation protocols for IVF–ET in patients after cystectomy for endometriomas found that a prolonged gonadotropin releasing hormone (GnRH) agonist regimen may achieve better results clinical IVF-ET results, but no significant difference from other groups (21). It has been suggested that age <35 years, infertility duration <5 years, secondary infertility, endometriosis fertility index (EFI) score and the use of ART were the predictive factors for postoperative pregnancy success (22). Advanced endometriosis has negative effect on the cumulative clinical pregnancy rate per oocyte retrieval cycle, and the AFC is an independent predictor of this (23). A recent study enrolling 485 patients with different stages of endometriosis undergoing their first IVF cycle concluded that female age, bilateral AFC and the number of embryos transferred were significant independent predictors of live birth (24). In fact, a significant proportion of women with endometriosis-related infertility choose to have surgery not to increase their chances of pregnancy, but to improve their quality of life. The question what we focused on is not whether pre-ART surgery is better than direct ART, but what are their chances of having a live birth and finding ways to increase them for patients after endometrioma cystectomy?

Therefore, the purpose of this study was to identify the predictors affecting the clinical outcomes of in fresh IVF/ICSI–ET cycles among infertile women who had undergone ovarian cystectomy for endometriomas. And to investigate whether different stimulation protocols influence the live birth rate. This may help fertility specialists and their patients to determine the expectations of appropriate treatment strategies for ovarian endometrioma before starting assisted reproductive treatment.



METHODS


Study Design and Population

This was a retrospective study using the records of infertile women with a history of ovarian cystectomy for endometriomas who underwent the first fresh ET cycle following IVF/ICSI treatment at the Reproductive Hospital Affiliated to Shandong University from January 2014 to December 2018. This original study was approved by the Institutional Review Board of the School of Medicine, Shandong University (No. 2019-1-14). In all, the records of 513 patients were collected, of whom 240 had achieved a live birth. Both laparoscopic and open techniques were used for cystectomy for endometriomas. The inclusion criteria included: (1) ovulatory women aged ≤ 40 years; (2) women with a history of surgery for unilateral or bilateral ovarian endometrioma(s); (3) women undergoing the first cycle of IVF/ICSI treatment and receiving a fresh ET; and (4) ovarian stimulation protocols including long/prolonged/short GnRH agonist protocols and a GnRH antagonist protocol. The exclusion criteria were the presence of the following: (1) uterine malformations; (2) untreated submucosal uterine fibroids or multiple uterine fibroids; (3) adenomyosis; (4) male or female chromosomal abnormalities; and (5) patients who had undergone cyst aspiration or oophorectomy.



Procedures

All participants were monitored and managed according to the hospital's clinical protocols. Doctors chose different ovarian stimulation protocols on the basis of long-term clinical experience, combined with the patient's age, ovarian function and other individual conditions. There were four stimulation regimens used: a long GnRH agonist protocol (186 cycles, 36.3%); a prolonged GnRH agonist protocol (105 cycles, 20.5%); a short GnRH agonist protocol (169 cycles, 33.9%); or a GnRH antagonist protocol (53 cycles, 10.3%) (25). Doctors opt different ovarian stimulation protocols on accounted of woman's age, ovarian function, clinical experience and other different personal factors. Human chorionic gonadotropin (hCG 4,000–8,000 IU) was administered when the largest follicle reached 18 mm or at least 2 follicles reached 17 mm in diameter. Oocyte retrieval was conducted by transvaginal ultrasound-guided follicular aspiration 34–36 h after the hCG trigger. After follicular aspiration, conventional IVF or ICSI was performed according to the male partner's semen quality. Vaginal progesterone gel use continued until the fetal heartbeat was heard, and oral dydrogesterone was stopped at 10 weeks of gestation. Individually cultured embryos were evaluated on the basis of the number of blastomeres, blastomere size, fragmentation rate, and presence of multinucleated blastomeres. Cleavage or blastocyst stage embryos were ultimately chosen to be transferred at 3 or 5 days after fertilization. Pregnancies were determined using β-hCG levels in blood tests performed 14 days after embryo transfer. Clinical pregnancies were confirmed by the presence of a gestational sac on vaginal ultrasonography during the fifth week. Miscarriage was defined as a pregnancy lost before 12 full weeks of gestation. Live birth was defined as the delivery of any viable infant at ≥28 weeks of gestation. All pregnancies were included in the follow-up assessment until delivery.



Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics (v. 25.0; IBM Corp, Armonk, NY, USA). Quantitative data with normal distribution are expressed as the mean ± standard deviation (SD) and were compared with independent-samples Student's t-tests. Quantitative data with non-normal distribution are expressed as medians and (range) compared with the Wilcoxon signed-rank test. Categorical data are represented as frequencies and percentages; variables in these measures were compared between live birth and covariates using Pearson's chi-squared tests. A P < 0.05 was assumed to be significant. Variables included in logistic regression models were selected on the basis of those shown to have a relationship with the main outcomes as characterized by P < 0.10. Results are presented as odds ratio (OR) and confidence interval (CI). Backward stepwise selection was performed to determine independent covariates. A P-value of 0.05 was considered significant. Because the study was retrospective, patients were not randomly assigned to groups and there were no missing data to be considered. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the performance of the live birth rate prediction model. Forest plot were performed using Graphpad Prism (v. 7.0; GraphPadSoftware, USA).




RESULTS

In this study, the records of 513 IVF/ICSI procedures in patients who had undergone ovarian cystectomy for endometriomas met the criteria and were included in this analysis. There were 284 pregnancies (55.4%), of which 38 (7.4%) were followed by miscarriages and 6 (1.2%) were ectopic. There were 240 live births (46.8%). Patient characteristics are summarized in Table 1. The 2 groups were similar in terms of the type of infertility, surgical side of cystectomy for removing endometriomas, interval between cystectomy and ET, duration of infertility, and basal FSH and E2 levels. In the non-live birth group, 155 women are primary infertility and 118 women are secondary infertility. In the live birth group, 137 women are primary infertility and 103 women are secondary infertility. Women with a successful ART cycle were younger (<35 years, P = 0.005). The live birth rate for woman with a BMI range of 21–24.99 kg/m2 was lower than in women with BMI <21 kg/m2 and BMI ≥ 25 kg/m2 (P = 0.003). There were no significant differences in the basal luteinizing hormone (LH) level between the groups without and with a live birth (4.76 ± 1.71 IU/L vs. 5.07 ± 2.13 IU/L, respectively; P = 0.067).


Table 1. Demographic and main treatment characteristics for patients after endometrioma cystectomy.
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Controlled Ovarian Stimulation Parameters and IVF/ICSI Cycle Characteristics

The embryological and clinical factors that might have affected the live birth rate after ET are shown in Table 2. Compared with the long GnRH agonist protocol, the live birth rate for woman treated with the short GnRH agonist protocol was lower, while for woman subjected to the prolonged GnRH agonist and the GnRH antagonist protocols the birth rates were not statistically different from those subjected to the long GnRH agonist protocol (P = 0.013). We found that the live birth rate for women with an AFC > 7 was higher than in those with AFCs ≤ 7 (P = 0.004). The live birth rates were significantly higher with a start-up gonadotropin dosage <200 IU (P = 0.029), with cleavage stage embryos transferred (P = 0.032), and with two embryos transferred (P = 0.004). There were no statistically significant differences in live birth rates in terms of oocyte fertilization method, total gonadotropin dosage, endometrial thickness on the hCG trigger day, E2 level on the hCG trigger day, number of oocytes obtained, and the numbers of top-quality embryos transferred. There were only 28 patients with BMI <18.5 kg/m2 and 18 with BMI ≥30 kg/m2, and most of the women were concentrated in the range of 18.5–30 kg/m2. Thus, we could divide them into groups according to WHO criteria (<18.5 kg/m2, underweight; 18.5–24.99 kg/m2, normal or healthy weight; 25.0–29.9 kg/m2, overweight; ≥30 kg/m2, obese), but also divide each group into subgroups for analysis. Therefore, we analyzed the live birth rate for every unit of BMI, and observed a significant decrease in the live birth rate for women with a BMI of 21–24.99 kg/m2, so we divided the BMI into the following 3 groups: <21 kg/m2, 21–24.99 kg/m2, and ≥25 kg/m2. The dramatic decline in fertility for women aged ≥35 years is widely accepted as dogma in ART clinics. So we divide by age into ≥35 years and <35 years groups.We defined poor ovarian reserve as an AFC of ≤ 7 and normal ovarian reserve as an AFC of >7. In the original data, some values for the E2 level on the hCG trigger day were recorded as continuous variables, while some were recorded as >3,000 pg/mL, so we divided them into 3 groups: <2,000 pg/mL, 2,000–3,000 pg/mL, and ≥3,000 pg/mL. The cut-off values of gonadotropin treatment duration, start-up gonadotropin dosage, total gonadotropin dosage, and endometrial thickness on the hCG trigger day were all located near the mean or median, where they had the greatest statistical effects.


Table 2. Controlled ovarian stimulation parameters and IVF/ICSI cyles characteristics in patients after endometrioma cystectomy.
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Logistic Regression of Factors Related to Live Birth in IVF/ICSI Cycles

We performed univariate regression analysis of variables predicting the incidence of live birth, as shown in Table 3. On the basis of univariate analysis results, female age, BMI, basal LH, ovarian stimulation protocol, start-up gonadotropin dosage, antral follicle counts, stage of embryo transferred, number of embryos transferred were included in the multivariable analysis, as shown in Table 4. The Hosmer-Lemer goodness-of-fit test showed P = 0.177, which indicated that the data fitted the model well. Female age, BMI, basal LH, AFC, ovarian stimulation protocol, start-up gonadotropin dosage, gonadotropin duration, stage of embryos transferred, number of embryos transferred were included in the logistic regression model. Multivariable modified Poisson regression models showed that two factors were significantly lowers the probability of live birth: female age ≥ 35 years (aOR 0.603; 95% CI 0.389–0.933; P = 0.023); BMI range 21–24.99 kg/m2 compared with BMI <21 kg/m2 (aOR 0.572; 95% CI 0.372–0.881, P = 0.011). And two factors significantly increased the probability of live birth: AFC >7 (aOR 1.591; 95% CI 1.075–2.353; P = 0.020); two embryos transferred (aOR 1.607; 95% CI 1.089–2.372; P = 0.017). The area under the curve (AUC) of the receiver operating characteristic (ROC) curve for the live birth rate prediction model was 0.757 (95% CI 0.610–0.740) indicating a fair performance. The forest plot shown in Figure 1 presents the results of our multivariate analysis.


Table 3. Univariate regression analysis of variables predicting the incidence of live birth in fresh IVF/ICSI-ET cycles.

[image: Table 3]


Table 4. Multivariate regression analysis of variables predicting the incidence of live birth in fresh IVF/ICSI-ET cycles.
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FIGURE 1. Forest plot to show the results of multivariate analysis.





DISCUSSION

The main objective of our study was to assess the factors associated with live birth rate in infertile women who underwent their first IVF/ICSI–ET after cystectomy for ovarian endometriosis. In this single-center case-control study of the records of 513 patients, we found that female age, BMI, AFC, and number of embryos transferred were important factors that affected the live birth rate. When age was considered as an independent variable, the results showed that older patients (35 years old) had a lower live birth rate (23.8%). Multivariate analysis confirmed these findings and identified patient age as a factor independently related to live birth rates. Such conclusions are generally regarded as dogma by IVF procedures (26–28), seem to be also applicable in patients following ovarian cystectomy for endometriomas.

Here we found that the relationship between BMI and the live birth rate was quadratic (a U-shaped curve), rather than linear (a straight line). After multivariable analysis, the live birth rate was higher for women with a BMI ≤ 21 kg/m2 and BMI > 25 kg/m2 than for those in the BMI range of 21–24.99 kg/m2. This means that when we considered the impact of BMI on reproductive outcomes, we can not only divide them into groups according to WHO criteria, but also divide each group into subgroups for analysis. Previous research on relatively large cohorts also showed that plots of female BMI against ART outcome showed an inverted U or J shape. Fedorcsák et al. found that increased BMI in women receiving IVF or ICSI was associated with a lower live birth rate and a higher incidence of early miscarriage (29). Wang et al. showed that compared with the reference group (BMI, 18.5–24.9 kg/m2), thin women had a similar risk of spontaneous abortion, whereas there was progressive increase in risk among overweight, obese, and very obese groups (30). Veleva et al. found that obese and underweight women had an increased risk of miscarriage (31). Bellver et al. (32) and Dechaud et al. (33) both divided woman into 4 groups:lean (<20 kg/m2; n 1/4 1,070; 16.5%); normal (20–24.9 kg/m2; n 1/4 3,930; 60.5%); overweight (25–29.9 kg/m2; n 1/4 1,081; 16.6%); and obese (R30 kg/m2; n 1/4 419; 6.4%). Bellver et al. concluded that the cumulative pregnancy rate after four IVF cycles was reduced as BMI increased. Rittenberg et al. suggest that raised BMI is associated with adverse pregnancy outcome in women undergoing IVF/ICSI treatment, including lower live birth rate which was partially consistent with our study (34). However, several other studies did not find significant differences in clinical pregnancy or live birth rates between different BMI groups (35, 36).

Ovarian reserve is defined as the functional potential of the ovary, which reflects the number and quality of remaining follicles. By optimizing the controlled ovarian stimulation (COS) program, increasing the proportion of normal responders can increase the live birth rate. Assessing ovarian reserve may be helpful in predicting adverse reactions to ovarian hyperstimulation for IVF, and both AFC and serum anti-Müllerian hormone (AMH) levels are indicators that accurately predict ovarian response (37). Moreover, the serum AMH concentration might not accurately assess the response of the ovaries of women with endometrioma to COS. However, AFC appears to be a more reliable marker of ovarian reserve in patients with ovarian endometrioma (38). In 2011, the European Society for Human Reproduction and Embryology (ESHRE) defined the abnormal ovarian reserve as being an AFC <5–7 follicles or AMH <0.5–1.1 ng/mL. The AFC has predictive value for ovarian response in IVF cycles, with a cut-off value of 7 follicles above which there are more chances of normal response (39). A Dutch prospective cohort study performed an open-label multicenter randomized controlled trial (RCT) in women with a predicted poor ovarian response (AFC <11) undergoing IVF/ICSI. However, an increased dose of FSH did not improve cumulative live birth rates compared with a standard dose (40). Li et al. found that the AFC was an independent factor associated with cumulative clinical pregnancy rates in a population with endometriosis and a control group (23). Here, the live birth rate was significantly lower in the group of women with an AFC of ≤ 7 group than in those with an AFC > 7. Our multivariate analysis confirmed AFC as a factor independently associated with the live birth rate. From a practical point of view in the ART clinic, the best cut-off value to achieve a higher live birth rate for patients after cystectomy for endometrioma was an AFC of > 7.

According to our results, the number of fresh embryos transferred was an important clinical factor influencing the live birth rate; that associated with the transfer of two fresh embryos was higher than that associated with the transfer of one embryo. A meta-analysis indicated that double-embryo transfer presented a significantly higher live birth rate than single-embryo transfer (41). In recent years, multiple ET during IVF cycles increases the multiple pregnancy rates leading to increased maternal and perinatal morbidity rates (42). Therefore, a single ET is now being seriously considered as a means to reduce the risk of multiple pregnancy. However, this needs to be weighed against the risk of endangering the overall live birth rate.

In practical ART clinic work, how to choose a suitable ovarian stimulation protocol for patients with endometriosis is still controversial. In 2010, Sallam et al. published a study in the Cochrane Database, which combined the results of three prospective clinical studies and concluded that 3–6 months of pre-treatment with a GnRH agonist could increase the IVF pregnancy rate of patients with endometriosis by 4-fold and increase the IVF live birth rate of patients with endometriosis by 9-fold (43). In 2020, an RCT was conducted to evaluate the effect of GnRH agonist treatment for 3 months before IVF on the clinical pregnancy rate of patients with infertile endometriosis compared with placebo. However, there were no significant differences in implantation or clinical pregnancy rate between the 2 groups, and the cumulative live birth rate was not significantly different between the 2 groups (44). Many studies have included only 2 or 3 COS protocols to compare reproductive outcomes. However, here we included four COS regimens: a long GnRH agonist protocol; a prolonged GnRH agonist protocol; a GnRH antagonist protocol; and a short GnRH agonist protocol. Univariate regression analysis of the data showed that the live birth rate of the short GnRH agonist protocol was statistically lower than that of the long GnRH agonist protocol. There was no statistically significant difference in the live birth rate between the long GnRH protocol and the antagonist protocol. When using adjusted multivariate regression analysis, the COS protocols were not independent factors in influencing the live birth rate. We consider that COS protocols might affect the number and quality of oocytes, but does not affect fetal growth after successful ET.

Our study had some limitations. First, it was a retrospective study, and medical records might be limited and selection bias existed. Second, the sample size was relatively small and could not exclude all potential biases. Our conclusions need to be tested further in prospective, large-scale multicenter clinical trials.
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