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Objective

To study the influence of endometriosis activity on the pregnancy outcomes of patients with recurrent implantation failure (RIF) in in-vitro fertilization/intra-cytoplasmic sperm injection (IVF/ICSI) cycles. The pregnancy outcomes were compared between RIF patients with endometriosis who received treatment at different occasions to explore the appropriate treatment plan for these patients and to optimize the pregnancy-support strategies.



Design

Ambispective cohort study.



Methods

A total of 330 patients with endometriosis were enrolled from 2008 to 2018 and included 1043 IVF/ICSI cycles. All patients were diagnosed with RIF after IVF/ICSI. Patients were assigned to three subtypes according to different control states of endometriosis, including the untreated, early-treatment, and late-treatment groups. The clinical pregnancy rate, live birth rate, and cumulative live birth rate of endometriosis patients with RIF were the main outcomes; additionally, the fertilization rate, available embryonic rate, and high-quality embryonic rate were also compared.



Results

The early-treatment and late-treatment groups showed higher cumulative live birth rate than the untreated group (early-treated 43.6% vs. late-treated 46.3% vs. untreated 27.7%, P<0.001), though patients in the two treatment groups had higher rates of adenomyosis and ovarian surgery. The two treatment group showed a better laboratory result than the untreated and especially, the early-treatment group. The untreated group (46.24%) had a lower IVF fertilization rate than the treated group (early-treated [64.40%] and late-treated [60.27%] (P<0.001). In addition, the rates of available embryos and high-quality embryos in the early-treated group were much higher those that in the untreated group (90.30% vs. 85.20%, 76.50% vs. 64.47%). Kaplan–Meier curve showed that patients in the untreated group needed a mean of 23.126 months to achieve one live birth; whereas those in the treated group needed a comparatively shorter duration (early-treated: 18.479 ± 0.882 months and late-treated: 14.183 ± 1.102 months, respectively).



Conclusion

Endometriosis has a negative influence on IVF/ICSI outcome. The control of endometriosis activity can result in a higher cumulative live birth rate in patients. It is necessary for endometriosis patients to receive medical treatment to achieve a better prognosis especially for those with RIF.
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Introduction

Infertility is a growing medical concern. With the effects of environmental pollution, social pressure, and changes in the notion of fertility, many couples suffer from infertility. Worldwide, infertility is estimated to affect about 8–12% of couples in the reproductive age (1). Although assisted reproductive technologies (ARTs) have made great progress, sterility is still a big challenge not only for infertile families but also for gynecologists and embryologists.

Endometriosis is an estrogen-dependent, chronic, and aseptic inflammation. The incidence of endometriosis in women of childbearing age is about 10%, and the incidence in infertile women is up to 50% (2, 3). Thus, endometriosis is deemed as an important factor in fertility. The mechanisms of endometriosis-associated infertility are not clear, and the most accepted current theories include the anatomical abnormalities caused by adhesion and fibrosis, endocrine abnormalities, and inflammatory and immune disorders (4). Despite the wide use of ART by endometriosis patients, endometriosis is highly associated with poor outcomes in in-vitro fertilization/intra-cytoplasmic sperm injection (IVF/ICSI). Studies (5–7) have found that patients with endometriosis have lower clinical pregnancy rate, poorer ovarian response, lower egg retrieval rate, and higher gonadotropin demand than those with tubal infertility.

The key to successful IVF/ICSI is embryo implantation. However, the average success rate of implantation is about 20% (8) in the common population, and recurrent implantation failure (RIF) continues to be a challenge in ART. RIF is associated with huge economic burden and psychological pressure in patients. In China, the incidence of RIF is 5–11.1% (9). The definition of RIF is controversial (10–13). We reviewed the relevant literature and proposed and adopted the following definition in our study: a condition wherein women aged under 40 years cannot achieve a viable pregnancy after at least three fresh or frozen embryo transfer cycles with more than four high-quality embryos or two high-quality blastocysts transferred (11, 12). Embryonic developmental defects and endometrial receptivity reduction are the two most common reasons leading to RIF (14, 15). Uterine disorders and endocrine abnormality are also said to cause RIF (16–18).

An increasing number of researchers have begun to focus on endometriosis or RIF, but studies on endometriosis-related outcomes in patients with RIF are still limited. Therefore, this study used an ambispective cohort design and grouped RIF patients with endometriosis into the untreated, the early-treatment, and the late-treatment groups based on the different control states of endometriosis to study its effect on pregnancy outcomes. It is important to investigate whether endometriosis affects the pregnancy outcomes of RIF patients and optimize strategies to achieve better pregnancy outcomes.



Patients and Methods


Study Design

We performed an ambispective cohort study by using the clinical assisted reproductive technologies management system software (CCRM) database from the First Affiliated Hospital of Nanjing Medical University from July 2008 to August 2018. All patients with endometriosis and a diagnosis of RIF were considered for inclusion. The exclusion criteria were as follows: Patients (1) receiving oocyte donation, (2) undergoing fertility preservation cycles because of malignant tumors or chemotherapy, (3) undergoing in vitro maturation (IVM) cycles, and (4) with incomplete data (Figure 1).




Figure 1 | Flowchart of study recruitment and inclusion/exclusion criteria.



Patients were assigned to three subtypes according to different control states of endometriosis. Clinical outcomes including clinical pregnancy rate, live birth rate, and cumulative live birth rate, and laboratory outcomes including the fertilization rate, available embryonic rate, and high-quality embryonic rate were compared. Patients were divided into three groups: Group A (untreated), RIF patients who did not receive treatment for endometriosis; Group B (early treatment), endometriosis patients who received treatments before RIF diagnosis but continued to suffer from RIF; and Group C (late treatment), patients who underwent endometriosis treatments after being diagnosed with RIF (Supplemental Figure 1). The treatments for endometriosis were laparoscopic surgery and/or at least two doses of gonadotropin-releasing hormone agonist (GnRH-a).



Definition of RIF and Endometriosis

In this study, RIF was defined as failure to achieve clinical pregnancy with at least three transfer (fresh embryo or frozen embryo) cycles and cumulatively no less than four high-quality embryos or two high-quality blastocysts.

Endometriosis was defined based on at least one of the following conditions:

	Laparoscopic or transabdominal surgery confirmed endometriosis;

	Transvaginal ultrasound showed endometrioma. The “typical” endometrioma manifests as a unilocular or multilocular (less than five locules) cyst with ground glass echogenicity of the cyst fluid (19);

	Suspected endometriosis: Infertility, dysmenorrhea, dyspareunia, sacral ligament tenderness, and CA125>15 mIU/mL (20). Highly suspected endometriosis can be diagnosed based on any three of the five items (the confirmed diagnosis rate of suspected endometriosis after laparoscopy is 94% in our center).





Main Outcomes


Clinical Outcomes

Cancellation rate/cycle = number of cancelled cycles (including oocyte retrieval failure, unfertilized, not transferred because of poor oocyte quality)/total number of cycles.

Clinical pregnancy rate/ET = number of cycles with clinical pregnancy/number of transfer cycles (clinical pregnancy is defined as ultrasound confirmed gestational sac and/or germ and/or fetal heartbeat).

Early abortion rate = number of early abortion cycles (cycles in which spontaneous abortion occurred before 12 weeks of gestation)/number of clinical pregnancy cycles.

Live birth rate = number of cycles with live births (live births defined as any infant born live after 28 weeks of gestation)/number of transfer cycles.

Cumulative live birth rate = number of cycles in which patients first deliver babies/number of cycles that initiate stimulation.



Laboratory Outcomes

Oocyte retrieval rate = number of retrieved oocytes/total number of punctured follicles;

Fertilization rate = number of two pronucleus (PN), 1PN, and 3PN embryos [a spermatozoon enters into a mature oocyte followed by formation of the pronuclei; usually, two pronuclei are seen after fertilization, each containing a haploid set of chromosomes, one set from the oocyte and one from the sperm, before zygote formation (21)]/number of retrieved oocytes (IVF), or number of MII oocytes (ICSI);

2PN cleavage rate =number of 2PN cleavage embryos/number of 2PN embryos;

Available embryo rate = number of available embryos [Good or Fair from D2-D3 cleavage-stage embryos (22); ≥3–5 BC/CB blastocyst (23, 24)]/number of 2PN cleavage embryos;

High-quality embryo rate = number of high-quality [Good from D2-D3 cleavage-stage embryos (22); ≥3–5 BB blastocyst (23, 24)] embryos/number of 2PN cleavage embryos;

Blastocyst formation rate = number of blastocysts from 2PN embryos/number of 2PN cleavage embryos.




Statistical Analysis

Data analysis was performed using SPSS 23.0 statistical software (Statistical Package for Social Sciences (SPSS), Inc., USA). Quantitative data were expressed as mean ± standard deviation (SD), and classified data were expressed as the rate. The comparison between quantitative data was performed by ANOVA. When multiple groups were compared, the Least Significant Difference (LSD) method was used if the homogeneity of variance was satisfied. If the homogeneity of variance was not satisfied, Dunnett’s T3 method was used. The difference between the classified data groups was analyzed by chi-square test. The Kaplan–Meier curve was used to compare the cumulative pregnancy rates of different groups. p<0.05 was considered to indicate statistically significant differences.




Results

In all, 1,043 cycles (330 patients) were included in this study. All participants were endometriosis patients with RIF undergoing IVF/ICSI treatment during the period from 2008 to 2018. There were 141 patients (374 cycles) in the untreated group, 94 (326 cycles) in the early-treatment group, and 95 (343 cycles) in the late-treatment group.

Clinical outcomes were compared among three groups. Compared to the untreated group, patients in the treated groups had a higher rate of adenomyosis and ovarian surgery and a lower rate of mild and suspected endometriosis (Supplemental Table 1). Proportions of adenomyosis in the early- and late-treatment groups were 12.07% and 7.6%, respectively, which were higher than that of the untreated group (1.09%). In the early group, the proportion of previous ovarian surgery was much higher than the untreated and late-treatment groups (untreated [31.61]% vs. early-treatment [13.11%] and late-treatment [19.88%], respectively), and proportion of mild and suspected endometriosis was lower than the untreated and late-treatment groups (untreated [69.54%] vs. early-treatment [89.62%] and late-treatment [80.70%], respectively). There was no difference among groups with respect to age, anti-Mullerian hormone antibody (AMH) levels, basic follicle-stimulating hormone (bFSH), and antral follicle count (AFC). The clinical pregnancy rate and live birth rate of the untreated and early- and late-treatment groups showed a gradual increase, while the early abortion rate showed a gradual decline, although this difference was not statistically significant. Strikingly, the treated groups, showed better outcomes in cumulative live birth rates (early-treatment [43.6%] vs. late-treatment [46.3%] vs. untreated [27.7%], p<0.001, see Table 1) even with a history of previous pelvic surgery and adenomyosis.


Table 1 | Clinical pregnancy outcomes of embryo transfer cycles of endometriosis patients with RIF.



When comparing the laboratory outcomes, we found that the adenomyosis rate and ovarian surgery rate of the early-treatment group were the highest (12.79% vs. 2.07% vs. 4.95%, 39.73% vs. 18.67% vs. 22.07%, Supplemental Table 2). The treated groups, especially the early-treatment group, showed better outcomes than the untreated group, with higher fertilization rates of IVF (early-treated [64.40%] vs. late-treated [60.27%] vs untreated [46.24%], p<0.001). Although the number was smaller of available (1.75 ± 2.05 vs. 2.44 ± 2.83) and high-quality embryos (1.41 ± 1.76 vs. 1.80 ± 2.32) in the early-treatment group, the rates of available (90.30% vs. 85.20%) and high-quality (76.50% vs. 64.47%) embryos seemed much higher than those of the untreated group (Table 2).


Table 2 | Laboratory outcomes of embryo transfer cycles of endometriosis patients with RIF.



We then used Kaplan–Meier curve to analyze the cumulative live birth rate (Figure 2). We found that patients in the untreated group needed a mean duration of 23.126 ± 0.252 months to achieve a live birth, while those in the treated groups required a shorter duration (early treatment: 18.479 ± 0.882 months, late treatment: 14.183 ± 1.102 months, Table 3).




Figure 2 | Comparison of the three groups in cumulative live birth rate. The late-treatment group is shown in yellow color, the early-treatment group is shown in green, and the untreated group is shown in blue. We found that the late-treatment group had higher cumulative live birth rate than the other two groups, while the cumulative live birth rate of the untreated group was lowest according to treated time.




Table 3 | The cumulative live birth rate per Kaplan–Meier curves.





Discussion

Endometriosis is a crucial contributor to the decline of female fertility, but thanks to the development of IVF/ICSI technology, a huge population of patients with endometriosis can achieve pregnancy and childbirth.

A historical cohort study (25) recruited 1,027 patients who received IVF/ICSI. After comparing the patients’ pregnancy outcomes between the endometriosis and tubal obstruction groups, it was found that different stages of endometriosis patients have similar outcomes to those with tubal factors after IVF/ICSI. Thus, IVF/ICSI was considered an effective treatment for endometriosis. The question remains whether IVF/ICSI can really solve all infertility-related problems of endometriosis patients and whether it is necessary for endometriosis patients to be pre-treated before IVF/ICSI. In this study, we concluded that even the basic clinical characteristics seemed “worse” in the treatment group, including high rates of adenomyosis and previous ovarian surgery and low rate of mild and suspected endometriosis. Moreover, the pregnancy outcomes of endometriosis patients with RIF were quite improved after clinical treatment. Post treatment, the fertilization rate of IVF and the cumulative live birth rate increased by 14.03–18.16% and 15.17–25.39%, respectively. The available embryonic rate in the early-treatment group was 5% higher than that in the untreated group, while the high-quality embryonic rate was increased by about 11%. The Kaplan–Meier curve analysis also showed that the time spent to achieve live birth in the late- and early-treatment groups was reduced by about 9 months and 5 months, respectively, compared with the untreated group. As endometriosis has an adverse effect on fertility, treatment can benefit endometriosis patients in terms of a successful clinical pregnancy outcome.

Endometriosis can reduce the implantation rate of IVF. A prospective study using oocytes from the same donors which excluded the effects of oocyte and embryo quality, showed that the implantation rate and pregnancy rate of endometriosis patients were significantly lower than those of the control group (26). This may be related to chronic inflammation and endocrine disorders in patients with endometriosis. Chronic aseptic inflammation of the peritoneal cavity, ovary, and uterine cavity of endometriosis patients affects the implantation of embryos (27). In addition, progesterone resistance caused by endometriosis decreases prostaglandin metabolism, increases reactive oxygen species (ROS), activates NFκB-mediated inflammation cascade, and leads to the accumulation of proinflammatory factors, ROS, matrix metalloproteinases (MMPs), and prostaglandins (2). Moreover, endometriosis patients often have genetic aberrations related to cellular production, adhesion, apoptosis, wound healing response, and decidualization (28). All these factors are significant causes of failure of embryo implantation.

Interestingly, the clinical outcomes of the late-treatment group were better than those of the early-treatment group in our study. Although the difference was not statistically significant, the cumulative live birth rate in the late-treatment group exceeded that of the early-treatment group by 3%. The main reasons for this are as follows: First, the time of treatment in the early group was earlier and the diagnosis of RIF required multiple in vitro fertilization and embryo transfer/frozen embryo transfer (IVF-ET/FET) cycles, leading to the recurrence of endometriosis which may in turn reduce the chance of fertility. Second, the proportions of unexplained infertility were different between the two treated groups, with the early-treatment group showing a higher proportion than the late-treatment group. Treatment of endometriosis helped many patients with mild or uncomplicated endometriosis to achieve pregnancy before the diagnosis of RIF. Thus, the remaining patients in the early-treatment group were those with severe endometriosis or those complicated with unknown diseases impairing fertility.

Endometriosis can cause a decline in women’s fertility by affecting the quality of oocytes and embryos. A meta-analysis conducted by Senapati (29) of IVF patients with endometriosis and other factors of infertility found that patients with endometriosis had lower fertilization rates. Shebl’s study (30) suggested that patients with endometriosis had lower fertilization rate and more abnormal oocytes than patients in the control group. This may be related to dysregulation of steroids in patients with endometriosis. Ovarian and pelvic endometriosis can reduce the expression of aromatase P450 to impair steroid production in granulosa cells (31) or directly affect the production of steroids, change the cell cycles of granulosa cell, increase their apoptosis, and participate in molecular pathways that alter the development of granulosa cells (32–34). Impaired steroid production may also lead to an imbalance in the secretion of estrogen and progesterone, that affects the maturation of oocytes. In addition, micro environment damage in follicles is another important pathological mechanism of infertility with endometriosis. Oxidative stress is considered a potential factor of endometriosis (35), and ROS are thought to promote meiotic abnormalities and chromatin instability, thereby reducing oocyte quality (36). Because of the treatment of endometriosis, the available and high-quality embryonic rate in the early-treatment group were significantly improved compared with the untreated group. The progesterone resistance and immune disorders in endometriosis patients are alleviated once active endometriosis is controlled. In this way, we can obtain more and better embryos. A meta-analysis by Yang (37) in 2015 showed that the rate of MII oocyte acquisition and the number of embryos formed in untreated ovarian endometriotic cysts group were lower than those in the treated group, which was consistent with our results. However, we found that the early-treatment group had better embryonic outcomes than the late-treatment group, which was somewhat unexpected. In our study, we found the fertilization rate of IVF (64.40% vs. 60.27%), available embryonic rate (90.30% vs. 85.48%), and high-quality embryonic rate (76.50% vs. 70.75%), respectively, were higher in the early- than late-treatment groups (all p>0.05). The possible reason is that patients in late-treatment group had deeper pituitary and ovarian inhibition. It is established that GnRH-a is widely used in endometriosis treatment.

The application of gonadotropins combined with GnRH-a for controlled ovarian stimulation (COS) was first proposed by Porter in 1984. The GnRH-a long protocol is now a popular COS protocol with years of practice (38). However, there is still controversy regarding the dosage of GnRH-a in clinic practice. If GnRH-a is used for a prolonged duration or in large doses, it may inhibit the release of LH surge, reduce ovarian responsiveness, damage the quality of oocytes, affect the function of the corpus luteum, and even affect ovarian hormone secretion (39). Mu et al. (40) also found that excessive application of GnRH-a will affect the number and quality of oocytes and embryos. In our study, although all patients in both treatment groups used a large dose of GnRH-a to control endometriosis activity, the duration from endometriosis treatments to ovarian stimulation of IVF/ICSI was shorter and ovarian suppressed more seriously in the late-treatment group. Thus, patients in the early-treatment group showed a higher rate of fertilization, available embryos, and high-quality embryos than those in the late-treatment group.

Some patients with endometriosis may achieve pregnancy after IVF/ICSI; however, repeated IVF cycles and failure of implantation can case huge psychological and financial burden. Overall, our results showed that the treatment of endometriosis was necessary. Although the use of GnRH-a may inhibit ovarian function and affect the quality of oocytes and embryos, patients with endometriosis could still have good live birth outcomes after treatment. We explored the relationship between endometriosis and RIF as well as the importance of endometriosis treatment to provide a theoretical basis for clinical applications which may optimize assisted reproduction strategies to help patients achieve better pregnancy outcomes.

However, we have not compared the specific treatment protocols and effectiveness of such protocols for endometriosis patients in this study which require further detailed investigation in the future.

In conclusion, it is necessary to identify and control the activity of endometriosis so that endometriosis patients may benefit from and achieve successful clinical outcomes with IVF/ICSI treatments.
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