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Background

The definition of recurrent implantation failure (RIF) differs clinically, one of the most controversial diagnostic criteria is the number of failed treatment cycles. We tried to investigate whether the two implantation failure could be included in the diagnostic criteria of RIF.



Methods

A retrospective analysis of the clinical data of patients (N=1518) aged under 40 years with two or more implantation failure, recruited from the Center for Reproductive Medicine of the First Affiliated Hospital of Zhengzhou University from January 2016 to June 2019.



Results

After adjusting for confounding factors by using binary logistic regression, the results showed that partial general information and: distribution of associated factors were significant differences such as maternal age (aOR=1.054, P=0.001), type of cycle (aOR=2.040, P<0.001), stage of embryos development (aOR=0.287, P<0.001), number of embryos transferred (aOR=0.184, P<0.001), female factor (tubal pathology) (aOR=0.432, P=0.031) and male factor (aOR=1.734, P=0.002) between the groups with two and three or more unexplained implantation failure. And further explored whether these differential factors had a significant negative impact on pregnancy outcome, the results showed that: for patients who had three unexplained implantation failure, in the fourth cycle of ET, the live birth rate decreased significantly with age (aOR=0.921, P<0.001), and the live birth rate of blastocyst transfer was significantly higher than that of cleavage embryo transfer (aOR=1.826, P=0.007). At their first assisted pregnancy treatment after the diagnosis of RIF according to these two different definitions, there were no significant difference in the biochemical pregnancy rate, clinical pregnancy rate, ectopic pregnancy rate and abortion rate (P>0.05), but the live birth rate (35.64% vs 42.95%, P=0.004) was significantly different. According to the definition of ‘two or more failed treatment cycles’, the live birth rate of the first ET treatment after RIF diagnosis was significantly lower than that of patients according to the definition of ‘three or more failed treatment cycles’.



Conclusion

For patients with unexplained recurrent implantation failure, two implantation failure cannot be included in the diagnostic criteria of RIF. This study supports the generally accepted definition of three or more failed treatment cycles for RIF.
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Introduction

The implantation rate per embryo transfer in assisted reproductive technology (ART) is approximately 30%, while the incidence of recurrent implantation failure (RIF) (universally applied definition is ‘three or more failed treatment cycles’) in vitro fertilization (IVF) patients is as high as 10% (1, 2). RIF is still the most challenging clinical dilemma because the overall clinical pregnancy rate of IVF in patients with RIF is extremely low. However, the definition of RIF differs clinically, and the most controversial diagnostic criteria include the number of failed treatment cycles, the number of embryos transferred and the maternal age (3, 4). In terms of the debate over the number of failed treatment cycles in definition for RIF, the generally accepted view is ‘three or more failed treatment cycles’ (1), but there are also many studies state that ‘two consecutive failed treatment cycles’ are sufficient to evaluate the occurrence of RIF (3, 5–7).

The hinge of successful embryo implantation dependents on the high quality of embryo and endometrial receptivity. With the advancement of ART, about 70% of transferred embryos have been identified as high-quality embryos recently (8), it seems that the failure of embryo implantation failure is more closely related to endometrial receptivity. A recent literature showed that patients with unexplained RIF, GnRH agonist combined with letrozole could significantly improve endometrial receptivity, thus increasing the clinical pregnancy rate and live birth rate (9). Infertile patients seeking assisted pregnancy treatment had experienced recurrent embryo implantation failures, which means higher physical and mental pressure and economic cost. In this case, clinicians need to provide patients with more reasonable clinical management strategies in time. Based on the above discussion, it’s worth discussing whether two failed treatment cycles can fully evaluate endometrial factors, so that we can take timely measures to improve the endometrium receptivity.

RIF is a complex pathological condition defined clinically, the pathogenesis is poorly revealed and mainly related to embryonic and maternal factors, such as chromosome, uterine anatomical abnormalities and maternal immune dysfunction (5, 10). In addition to being closely related to the parental karyotype, there were multiple endometrial receptivity-related genes had been found to predict the occurrence of RIF (11). The down-regulation of these genes in RIF patients affects cell regulation and division, as well as the formation of cytoskeleton and cilia. Macroscopically, uterine anatomical abnormalities affecting endometrial receptivity include polyps, myomas, adhesions, septate uterus and thin endometrium (4). Furthermore, a variety of immune factors are also important factors causing embryo implantation failure (10), and one of the factors being tested recently was thyroid autoimmunity. Thyroid autoimmunity is a typical immune disease related to RIF, which not only causes RIF through thyroid dysfunction, but also is accompanied by immune imbalance (12). In view of the rapid development of ART in recent years, hysteroscopy and genetic testing before embryo implantation have been widely carried out, which have solved many visual and solvable factors causing implantation failures, such as surgery to improve uterine anatomical abnormalities and genetic diagnosis screening embryos with normal chromosomes (13, 14). However, for 28% couples with unexplained infertility, there is no pathological abnormalities (15), our improvement measures are not available, and the effect of assisted pregnancy is not ideal.

Based on the above, we believe that it is necessary to improve the clinical management strategies of RIF populations as early as possible, because its diagnostic criteria are closely related to the clinical treatment and prognosis. Whether two failed ET cycles are enough to evaluate poor endometrial receptivity, this study mainly provides clinical data for the definition of the number of cycles with RIF. Therefore, we designed this study which could be divided into two parts. First, we investigated whether the two implantation failure could be included in the diagnostic criteria of unexplained RIF. In addition, our data also compared the outcome of assisted pregnancy for the next transfer cycle in these two definitions.



Materials and Methods

The clinical data of 1518 patients recruited from the Center for Reproductive Medicine of the First Affiliated Hospital of Zhengzhou University during January 2016 to June 2019 were collected and analyzed. Participants were included if they were under 40 years old, had undergone at least two consecutive failed ET cycles (including fresh and frozen transferred cycles) and had failed to achieve a clinical pregnancy after transferring at least four cleavage embryos or two blastocysts. Exclusion criteria included patients with adenomyosis, endometritis, uterine anatomical abnormalities, obvious intrauterine adhesions or occupation that had not been removed, chromosomal abnormalities in both or one of the couples, PGD/PGS, autoimmune disease, oocyte or sperm donation, thyroid dysfunction, hypertension and diabetes.

ET cycles experienced by participants included fresh and frozen transferred cycles, and the protocols of ovulation induction in fresh cycles included long protocol, super long protocol, modified super long protocol; the endometrial preparation protocols in frozen transferred cycles is natural cycle and artificial cycle. For detailed programs, please refer to our center published articles (16, 17). The types of transferred embryos included cleavage embryos on the Day 3 and blastocysts on the Day 5 after fertilization. For the scoring criteria for high-quality embryos, please refer to our center published articles (18). Serum human chorionic gonadotrophin (hCG) concentrations were measured on days 14 and 18 after embryo transfer. A transabdominal ultrasound was performed on 35 days after embryo transfer to determine whether there was an intrauterine gestational sac after hCG positive pregnancy test. A positive hCG test without gestational sac was defined as biochemical pregnancy and the presence of an intrauterine gestational sac was defined as clinical pregnancy (19).

Our study was divided into two parts. In the first part, we compared the related risk factors to explore the differences between these two populations. The population with two implantation failure had a clinical pregnancy at their third ET cycle. If the two implantation failure cannot be included in the diagnostic criteria of RIF, then we analyzed the pregnancy outcomes according to these two RIF definitions. The second part was a retrospective cohort study. The research route was shown in Figure 1. Main comparative clinical factors included age, BMI, duration of infertility, type of infertility, type of cycle, stage of embryos development, number of transferred embryos, female factors (scarred uterus, endometriosis, tubal pathology, PCOS, pelvic adhesions) and male factors (oligoasthenospermia、varicocele and teratism of testis). Main pregnancy outcome measures included live birth rate, biochemical pregnancy rate, clinical pregnancy rate, ectopic pregnancy rate and abortion rate.




Figure 1 | Flow chart representing the present study.




Statistical Analysis

SPSS Statistics version 21.0 was used to perform and analyze the data. Continuous variables were described by mean ± standard deviation (Mean ± SD), and differences between groups were compared by independent-sample t-test; categorical variables were described by frequency and percentage n (%), and proportions between groups were compared by chi-square test or continuous adjusted chi-square test. Binary logistic regression was used for the adjusted OR (odds ratio) and 95% CI (confidence interval). P < 0.05 (two-tailed) indicated that the difference was statistically significant.




Results


Associate Factors of Patients With Two vs Three or More Implantation Failure

At initial research, 704 patients had two consecutive implantation failure and had a clinical pregnancy at their next ET cycle, 814 patients had three or more consecutive implantation failure. We compared the clinical data between the two groups, and Table 1 showed that partial general information and distribution of associated factors of patients with two vs three or more implantation failure were different significantly. After adjusting for confounding factors by using binary logistic regression, the results found that there were significant differences in maternal age [P<0.01, aOR=1.054(95% CI:1.023-1.086)], type of cycle [P<0.01, aOR=2.040(95% CI:1.491-2.790)], stage of embryos development [P<0.01, aOR=0.287(95% CI:0.218-0.377)], number of transferred embryos [P<0.01, aOR=0.184(95% CI:0.137-0.246)], female factor (tubal pathology) [P<0.05, aOR=0.432(95% CI:0.202-0.926)] and male factor [P<0.01, aOR=1.734(95% CI:1.222-2.460)] between the two and three or more unexplained implantation failure (Table 2). These results indicated that maternal age, type of cycle, stage of embryos development, number of embryos transferred, tubal pathology and male factor were independent risk factors for these two iatrogenic situations. But whether these different factors would affect the outcome of assisted pregnancy, especially the outcome of live birth, was not clear.


Table 1 | The comparison of general information and distribution of associated factors of patients with two vs three or more implantation failure.




Table 2 | The comparison of associated factors of patients with two vs three or more implantation failure by logistic regression analysis.



We further analyzed the influence of these different factors on the pregnancy outcome of patients with unexplained RIF. As far as this study was concerned, the classification of patients with just two implantation failure was not clear, so we only explored the impact of these factors on the generally accepted definitions for RIF (three or more failed treatment cycles). The results were shown in Table 3. For patients who had three unexplained implantation failure, in the fourth cycle of IVF/ICSI/FET, the live birth rate decreased significantly with age [P<0.001, aOR=0.921(95% CI:0.880-0.963)], and the live birth rate of blastocyst transfer was significantly higher than that of cleavage embryo transfer [P=0.007, aOR=1.826(95% CI:1.180-2.825)]. But these different risk factors had no significant effect on biochemical pregnancy rates and abortion rates.


Table 3 | The pregnancy outcome of the fourth cycle of patients with three implantation failure by logistic regression analysis.



From the above results, we could find that maternal age and stage of embryos development were the main differential factors between the two populations, and had a significant impact on the subsequent pregnancy outcome. Thence, patients with two consecutive failed treatment cycles cannot be included in the population with three or more consecutive implantation failure.



Comparison of Main Pregnancy Outcome Measures

In the second part of the article, we analyzed the pregnancy outcomes of patients according to these two different definitions for RIF (Figure 2). Results as shown in Table 4, 1518 patients had at least two implantation failure, and 468 patients had at least three implantation failure with subsequent assisted pregnancy cycles. At their first assisted pregnancy treatment after the diagnosis of RIF according to different definitions, there were no significant difference in the biochemical pregnancy rate (6.39 vs 5.13%, P=0.318), clinical pregnancy rate (46.44 vs 50.85%, P=0.095), ectopic pregnancy rate (1.52 vs 1.28%, P=0.713) and abortion rate (9.29 vs 6.62%, P=0.073) between the two definitions, but the live birth rate (35.64 vs 42.95%, P=0.004) was significantly different.




Figure 2 | The number of RIF patients with two different definitions.




Table 4 | Comparison of main pregnancy outcome measures.






Discussion

In this study, we compared associated and prognostic factors in 1518 patients with two implantation failure vs three or more implantation failure from our Center for Reproductive Medicine during January 2016 to June 2019. And we found two implantation failure cannot be included in the commonly accepted diagnostic criteria of RIF, the patients with only two implantation failure would be considered as false-positive diagnosis of RIF.

The exact definition of RIF remains controversial, and considering the number of failed cycles, three and two consecutive failed treatment cycles are the most commonly used threshold (3). Recently, theoretical model in some studies suggested that inappropriate number of failed cycles might expose patients to over-diagnosis and over-treatment (20). At the same time, due to the excellent embryo quality, the diagnosis of RIF with fewer failed cycles seems to be a more timely reflection of the endometrial receptivity (8). However, based on the results of this study, it seemed that it was inappropriate to include two implantation failure in the RIF definition. The date of RIF diagnosis was determined, defined as the first day of the menstrual period after the last failed IVF/ICSI/FET treatment (21). So, if a patient was under 40 years old and had failed to achieve a clinical pregnancy after transferring at least four cleavage embryos or two blastocysts, we could classify her at the second or third failed ET cycles (the hypothetical RIF definition: at least two failed ET cycles vs generally accepted RIF definition: at least three failed ET cycles). Therefore, the basic information we included was from the second failure cycle and the third failure cycle respectively.

Compared with three or more implantation failure, patients with just two implantation failure were significantly younger. There was a significant statistical significance between these two populations, although their average age was relatively low. But the other side of this results suggested that women’s fertility was damaged seriously and we should pay more attention to the biological age. A recent study of 118 women who had experienced RIF showed that the median pregnancy time was just 9 months after the diagnosis of RIF (21). And for RIF patients, the live birth rate decreased significantly with age. Age is an independent risk factor for RIF patients, and will significantly affect the subsequent assisted pregnancy outcome. Female advanced age not only leads to a decrease in the number and quality of embryos, but also increases the asynchrony of embryo and endometrial development (22, 23). On the other hand, the proportion of blastocyst transfer was different between the two populations. When discussing associated factors and prognosis, in agreement with previous reports, results showed that blastocyst transfer was a preferred strategy than cleavage embryo transfer (24).

A uniform definition is important for standardizing research protocols and adopting a uniform approach to patients with RIF in scientific research. These stressed couples who are frequently overwhelmed by unsuccessful childbearing should be given more gentle, caring, caring early intervention. When we tried to incorporate two implantation failure into diagnostic criteria of RIF, it could be seen that patients with only two implantation failure would be considered as false-positive diagnosis of RIF, accompanied by an abnormally lower live birth rate. We collected clinical data of 1518 patients with two or more failed ET cycles. As shown in Figures 1, 2, when we adopted two or more implantation failure to define RIF, 1518 patients could be included in the RIF population and the live birth rate of RIF patients in the first pregnancy outcome after diagnosis was (541/1518) 35.64%. In the same way, when we adopted three or more implantation failure to define RIF, just 468 patients could be included in the RIF population, and the live birth rate of RIF patients in the first pregnancy outcome after diagnosis was (201/468) 42.95%. This was because When we calculated the live birth rate under the first definition (two or more implantation failure), its denominator excessively increased the number of third failed ET cycles (468 patients). And when we calculated the live birth rate under the second definition (three or more implantation failure), its denominator excessively decreased the number of these two conditions: 1) only two implantation failure and had a clinical pregnancy at their third ET cycle (704 patients); 2) just three implantation failure without subsequent cycle (346 patients). The most important was that above calculation of living rate was based on dividing patients into RIF population, that was, the living rate of patients in RIF population, rather than in the overall infertility population.

We needed to emphasize two key points again: 1) the living rate could only represent the pregnancy outcome of patients in their respective RIF defined population, rather than in the overall infertility population; 2) according to the first part of our article, the patients with only two implantation failure could not be classified into RIF population, which would be considered as false-positive diagnosis of RIF, accompanied by an abnormally lower live birth rate. This phenomenon would lead to a pressures of clinicians and patients and inappropriate clinical management strategies. And in this latest study, they adopted the threshold definition was the majority view based on the three failed treatment cycles (2). Furthermore, it is worth noting that with the advancement of ART, patient characteristics are constantly changing, we should keep exploring the most appropriate definition, physicians should not irrationally comply with these requests.

The diagnosis of RIF is a challenging and frustrating condition world-wide, but the population included in this study only includes Chinese, so the main limitation in our study is regional and ethnic differences. Moreover, more and more clinicians will incorporate lifestyles such as smoking, drinking, drugs in consideration of RIF, and this study is less concerned about this (2). As a retrospective analysis, although we have tried our best to eliminate various biases, the existence of inherent biases may still affect the results of the study, and more and larger samples of clinical and basic research are needed for verification.



Conclusion

This study assessed the couples with two vs three or more implantation failure regarding the discussion of defining RIF. And two consecutive failed treatment cycles cannot be included in the diagnostic criteria of RIF. This study supports the generally accepted definition of three or more failed treatment cycles for RIF.
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Live birth rate (%) 35.64 (541/1518) 42.95 (201/468) 8.167 0.004*
Biochemical pregnancy rate (%) 6.39 (97/1518) 5.13 (24/468) 0.995 0.318

Clinical pregnancy rate (%) 46.44 (705/1518) 50.85 (238/468) 2792 0.095

Ectopic pregnancy rate (%) 1.52 (23/1518) 1.28 (6/468) 0.135 0.713

Abortion rate (%) 9.29 (141/1518) 6.62 (31/468) 3.211 0.073

*Represents statistically significant.
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ltem Age (year) Type of cycle (%) Stage of embryos development (%) No. of embryos transferred  Tubal pathology (%) Male factor (%)
(%)

ET FET Cleavage Blastocyst 1 2
Live birth rate
P <0.001* 0.196 0.007* 0.064 0.533 0.473
aOR 0.921 1 0.744 1 1.826 1 1.481 0.482 1.199
(95% CI) (0.880-0.963) (0.475-1.165) (1.180-2.825) (0.977-2.246) (0.049-4.773) (0.731-1.965)
Biochemical pregnancy rate
P 0.774 0.649 0.918 0.211 0.999 0.171
aOR 1.014 1 0.802 1 1.05 1 0.565 0.000 1.908
(95% Cl) (0.922-1.116) (0.310-2.074) 0.412-2.678) (0.231-1.383) (0.756-4.815)
Abortion rate
P 0.298 0.989 0.416 0.126 0.149 0.656
aOR 1.047 1 0.994 1 1.431 1 1.957 5.651 1.238
(95% CI) (0.960-1.142) (0.407-2.42) (0.603-3.394) (0.828-4.627) (0.538-59.40) (0.484-3.166)

For patients who had three unexplained implantation failure, in the fourth cycle of ET, live birth rate decreased significantly with age ( P < 0.001), and the live birth rate of blastocyst transfer
was significantly higher than that of cleavage embryo transfer (P = 0.007). *represents statistical significance.
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OEBPS/Images/table1.jpg
Item 2 implantation failure >3 implantation failure t/)f value P value
Total 704 814

Age (year) 30.43 + 4.07 31.91 + 4.42 -6.806 <0.001*
Duration of infertility (year) 3.77 +2.76 4.38 +3.32 -3.913 <0.001*
BMI (kg/m?) 2271 £3.32 22.80 + 3.01 -0.543 0.587
Percentage of primary infertility (%) 42.76 (301/704) 34.64 (282/814) 10.501 0.001*
Percentage of fresh cycle (%) 10.80 (76/704) 21.62 (176/814) 31.958 <0.001*
Percentage of blastocyst transfer cycles (%) 49.72 (350/704) 30.84 (251/814) 56.267 <0.001*
No. of embryos transferred 87.060 <0.001*
1 20.60 (145/704) 43.12 (351/814)

2 79.40 (559/704) 56.88 (463/814)

Scarred uterus (%) 14.91 (105/704) 21.38 (174/814) 10.505 0.001*
Endometriosis (%) 4.40 (31/704) 5.77 (47/814) 1.455 0.228
Tubal pathology (%) 3.27 (23/704) 1.47 (12/814) 5.387 0.020*
PCOS (%) 18.18 (128/704) 12.29 (100/814) 10.284 0.001*
Pelvic adhesions (%) 7.53 (53/704) 8.60 (70/814) 0.582 0.446
Male factor (%) 9.09 (64/704) 156.11 (123/814) 12.665 <0.001*

(a) BMI, body mass index; PCOS, polycystic ovary syndrome; *Represents statistically significant.





