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Background

To date, no consensus has been reached on whether to wait for spontaneous luteinizing hormone (LH) surge to occur or to trigger ovulation regardless of the presence of an LH surge for achieving higher success rate in intrauterine insemination (IUI) cycles. Therefore, we hope to investigate the effect of the presence of a spontaneous LH surge on pregnancy outcomes in letrozole–human menopausal gonadotropin (LE-HMG) IUI cycles.



Methods

In this retrospective cohort study, a total of 6,285 LE-HMG IUI cycles were included between January 2010 and May 2021. Cycles were categorized into three groups: the trigger + LH surge group, the trigger only group, and the LH surge only group. The primary outcome measure was the clinical pregnancy rate. A logistic regression analysis was performed to explore other risk factors affecting the clinical pregnancy rate.



Results

No significant differences were observed in biochemical pregnancy rate (P =0.640), clinical pregnancy rate (P =0.702), ongoing pregnancy rate (P =0.842), and live birth rate (P =0.951) among the three groups. The binary logistic regression analysis also confirmed that the existence of an LH surge was not associated with clinical pregnancy. There was a difference in ectopic pregnancy rates (P =0.045), but logistic regression showed that the presence of a spontaneous LH surge has no association with ectopic pregnancy. Nonetheless, patients with lead follicles within 18.1-20.0 mm/20.1-22.0 mm and a long duration of LE treatment were less likely to get ectopic pregnant compared with patients with 14.1-16.0 mm lead follicles and shorter LE treatment (OR: 0.142, 95% CI: 0.023–0.891, P =0.037; OR: 0.142, 95% CI: 0.022–0.903, P =0.039; OR: 0.445, 95% CI: 0.235–0.840, P = 0.013).



Conclusions

The presence of a spontaneous LH surge in triggered LE-HMG IUI cycles does not appear to improve pregnancy rates. Thus, we suggest that waiting for an LH surge to occur is not necessary in triggered LE-HMG IUI cycles.
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Background

Intrauterine insemination (IUI) is considered as a first-line treatment for infertility, including a broad range of indications (1, 2). Combining ovarian stimulation (OS) with IUI has been proven to be an effective method. In 2018, a review concluded that it had become clear that IUI–OS is a first-line treatment option for mild male and unexplained infertility (3). Furthermore, a recent systematic review in 2020 claimed and demonstrated that treatment with IUI-OS probably resulted in a higher cumulative live birth rate compared to treatment with IUI in a natural cycle, as well as expectant management without OS (4). Many factors are associated with the success of IUI. Among them, the timing of insemination is known as one of the most important ones.

Timing IUI is usually achieved by monitoring an LH surge or by triggering ovulation. In IUI cycles, human chorionic gonadotropin (hCG) is widely accepted for oocyte maturation and ovulation triggering. Other methods for triggering include the administration of a gonadotrophin-releasing hormone agonist (GnRHa) or a combination of GnRHa and hCG. IUI combined with ovulation triggering is more versatile, requires less LH monitoring, and makes timing for IUI much easier, which has led to this method.

Previous studies have reported conflicting results on which is the best method for IUI timing (3, 5). Furthermore, there is no consensus on whether to wait for a spontaneous LH surge to occur or to trigger ovulation regardless of the presence of an LH surge. A retrospective study by Taerk et al. showed that a higher clinical pregnancy rate was achieved with hCG administration compared with a spontaneous serum LH surge in controlled ovarian hyperstimulation IUI cycles. Moreover, this effect was amplified by receiving hCG in the presence of an LH surge (6). Of note, the difference in clinical pregnancy rates resulted mostly from a subgroup analysis of gonadotropin controlled ovarian stimulation (COH) cycles rather than letrozole (LE) or clomiphene citrate (CC) cycles. Another similar study by Mitwally et al. also reported that hCG treatment was associated with higher pregnancy rates regardless of stimulation protocol, but awaiting for an LH surge only benefited patients undergoing CC-IUI cycles (7). In a randomized clinical trial (RCT) of Kyrou et al., spontaneous LH surge was associated with significantly higher ongoing pregnancy rates compared with the administration of hCG in patients undergoing IUI in natural cycles (8). However, Awonuga and Govindbhai found no significant difference in pregnancy rates between the patients given hCG before and after an endogenous LH surge (9). A systematic review also found no evidence of a difference between the hCG injection group and the LH surge group in the rates of pregnancy (10).

The intent of the current study was to investigate whether the presence of a spontaneous LH surge benefits clinical pregnancy rates in triggered, combined LE-HMG IUI cycles.



Materials and Methods


Study Population and Design

This retrospective cohort study was conducted at the Department of Assisted Reproduction of the Ninth People’s Hospital of Shanghai Jiao Tong University School of Medicine between January 2010 and May 2021.

First of all, all the medical histories of the couples were collected through inquiries. Then, all the couples underwent basic infertility tests, including cycle day (CD) 3 follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), progesterone (P), anti-Müllerian hormone (AMH), and transvaginal ultrasound (TVS) of the pelvis. Furthermore, the evaluations of the couples’ physical parameters were performed including heights and weights. Moreover, hysteroscopy for the female partner and semen analyses for the male partner were also completed before the individuals’ therapeutic protocols were determined.

Based on these test results, the inclusion criteria of our study were made as follows: female age <40 years, CD 3 FSH <10 mIU/ml, patent fallopian tubes and a normal uterine cavity according to hysteroscopy, and a male partner with a total sperm concentration of >10 million sperm/ml, a total post-wash sperm count>2 million, and a normal morphology ≥4% (11). In addition, only patients who had one of the following infertility causes were included: ovulatory dysfunction, unexplained factors, mild male factors, and sexual dysfunction. Furthermore, only the first three cycles were recruited if a patient went through more than three cycles of treatment.

Cycles with incomplete medical records were excluded. Patients undergoing ovulation stimulation with drugs other than LE and human menopausal gonadotropin (HMG) were also excluded.

The study protocol was approved by the hospital’s Ethics Committee (Institutional Review Board), and the written informed consent of all couples was required before the treatments (every patient provided their informed consent for our collection and analysis of their treatment-related data with the start of their IUI cycles).



Ovarian Stimulation Protocols

OSs usually started on CD 3 of menstrual cycles, when TVS were performed and serum FSH, LH, E2, and P were assayed. Patients were given 2.5 or 5 mg LE (Jiangsu Hengrui Medicine Co., Lianyungang, China) orally once daily for 3–5 days. The LE dosage and duration were determined according to the patient’s body mass index (BMI) and length of the menstrual cycle. Generally, the longer the menstrual cycle and the greater the BMI value, the larger the dosage and the longer the duration of LE. From CD 10, routine TVS and hormonal measurements [chemiluminescence (Abbott Biologicals B.V., Olst, the Netherlands)] were performed every 2 days to monitor follicular growth. Once the leading follicle size reached 10 mm in diameter, 75 IU/day HMG (Anhui Fengyuan Pharmaceutical Co., China) was added by intramuscular injection onwards. The duration of HMG varied according to the follicle response. Once a lead follicle reached a mean diameter of 18 mm, trigger was applied. In addition, when a lead follicle reached a mean diameter of 14 mm combined with a slightly elevated LH (10 mIU/ml<LH ≤ 15 mIU/ml), it was also conceived as a criterion for trigger. Generally, 5,000 IU hCG (Lizhu Pharmaceutical Trading Co., Zhuhai, China) or 0.1 mg triptorelin (decapeptyl; Ferring Pharmaceuticals, Saint-Prex, Switzerland) or a combination of the two was administered to induce ovulation, depending on the preference of the doctors in charge. If a markedly elevated LH [LH>15 mIU/ml (12, 13)] occurred, namely, a spontaneous LH surge was detected, we applied trigger drugs immediately or might not have used any medications for trigger, the decision of which was also based on the preference of the doctors in charge. The IUI operation was performed within 24 h after the observed LH surge. In these cases, even though the LH surge was spontaneously generated instead of artificially induced, we called that day the “trigger day.” Notably, if a premature LH surge occurred when the leading follicle size is less than 14 mm in diameter, the cycle would be canceled; meanwhile, cycles with more than 3 dominant follicles were also canceled.



Sperm Preparation and Insemination

After 2–3 days of abstinence, semen samples were obtained through masturbation and then liquefied for 15–20 min. After that, the sample was washed with 3-layer density gradient centrifugation using Isolate (Irvine Scientific, Santa Ana, California, USA). Insemination was performed on the next day of the confirmation of a spontaneous LH surge (LH>15 mIU/ml), around 24 h after the administration of trigger medicines, or if the detection of a spontaneous LH surge was absent (LH ≤ 15 mIU/ml), the insemination was performed about 38–40 h after the trigger, both with a soft catheter (Cook Group, Bloomington, Indiana, USA). Only one insemination was performed per cycle.



Outcome Variables and Definitions

The primary outcome measure of the study was the clinical pregnancy rate (CPR). The secondary measures included the biochemical pregnancy rate, ongoing pregnancy rate, live birth rate, miscarriage rate, ectopic pregnancy rate, and multiple pregnancy rate.

The clinical pregnancy was confirmed by the ultrasonic demonstration of at least one intrauterine gestational sac with fetal cardiac activity 6 weeks after IUI. The biochemical pregnancy was defined by a serum βhCG concentration > 5 mIU/ml collected 18 days after insemination. The ongoing pregnancy was referred to a pregnancy of more than 12 weeks of gestational age. The miscarriage was defined as the spontaneous termination of a fetus before 28 weeks of gestation. The live birth was conceived as the delivery of a live infant after 28 weeks of gestation. The ectopic pregnancy denoted the implantation of an embryo outside the uterine cavity. The multiple pregnancy was identified as a pregnancy with more than one fetus.



Statistical Analysis

All of the cycles were divided into three groups: the trigger + LH surge group (trigger day LH >15 mIU/ml + trigger drugs), the trigger-only group (trigger day LH ≤15 mIU/ml + trigger drugs), and the LH surge-only group (trigger day LH >15 mIU/ml, without the use of trigger drugs). Statistical analysis was performed using the Statistical Package for the Social Sciences (version 26.0; SPSS Inc., Armonk, New York, USA). Continuous variables were presented as mean ± SD. The normality of continuous variables was determined using the Shapiro–Wilk test and Q-Q plots. The variables were compared by one-way analysis of variance (ANOVA) with post-hoc analysis or Welch’s t-test as required. Categorical variables were put forward in the number of cases (n) with percentages (%). The comparisons of rates between groups were completed by the chi-square test or Fisher’s exact test as required. Binary logistic regression analysis was used to evaluate the impact of the other factors on the clinical pregnancy rate. P<0.05 was considered statistically significant.




Results

A total of 5,098 patients who underwent 6,285 IUI cycles from January 2010 to May 2021 were enrolled in this study, as shown in Supplemental Figure 1. Among them, 2,588 (41.18%) cycles were categorized into the trigger + LH surge group, 3,487 (55.48%) cycles were categorized into the trigger-only group, and the remaining cycles were classified as the LH surge-only group.

The demographic and basic characteristics of the patients are presented in Table 1. No significant differences were observed regarding the female age, male age, male BMI, duration of infertility, infertility type, infertility cause basal hormone level, or rank of IUI attempts among the three groups. Women in the trigger + LH surge group showed the highest BMI value, while those in the LH surge-only group showed the lowest BMI value (22.50 ± 3.56 kg/m2 vs. 21.95 ± 5.43 kg/m2 vs. 21.41 ± 2.71 kg/m2, P<0.001). Another difference obtained from the comparison was that the patients in the trigger + LH surge group displayed higher antral follicle count (AFC), compared with the other two groups (14.25 ± 6.79 vs. 13.45 ± 6.39 vs. 13.09 ± 5.44, P<0.001). For the steroid hormone profiles, the trigger + LH surge group revealed significantly higher basal LH (4.19 ± 2.62 mIU/ml vs. 3.86 ± 1.92 mIU/ml vs. 3.90 ± 1.89 mIU/ml, P<0.001) and lower basal P (0.26 ± 0.12 ng/ml vs. 0.28 ± 0.14 ng/ml vs. 0.26 ± 0.19 ng/ml, P=0.02). The basal E2 and AMH were both comparable.


Table 1 | The demographic and basic characteristics of patients.



Table 2 describes the cycle characteristics and hormone profiles of the three groups of IUI treatment. Among the three groups, the trigger-only group showed the notably longest LE treatment length, highest total LE dose, and shortest cycle duration (P <0.001). Meanwhile, the patients in the trigger-only group obviously had the thinnest endometrium (P <0.001). There was a general trend that the patients in the trigger-only group presented the most lead follicles, while their lead follicle size was generally the largest (P <0.001). However, in terms of the sexual hormone levels on the trigger day, the E2 concentrations and the average E2 value (the ratio of E2 to the dominant follicle count) were distinctly lowest in the trigger-only group (P <0.001). Naturally, the concentrations of LH and P were both higher for the patients with a spontaneous LH surge (in the trigger + LH surge group and LH surge-only group), given the appearance of premature LH surge in this group (P <0.001). In addition, differences could be detected in the distribution of trigger regimen between the two groups with the use of trigger drugs, namely, a gonadotrophin-releasing hormone agonist (GnRHa) was more often prescribed to patients without a spontaneous LH surge, while hCG was usually administrated to those with a spontaneous LH surge (P <0.001).


Table 2 | The cycle characteristics and hormone profiles of patients undergoing IUI.



The pregnancy outcomes of the IUI cycles are detailed in Table 3. The pregnancy outcomes were generally similar among the three groups in terms of the biochemical pregnancy rate, clinical pregnancy rate, ongoing pregnancy rate, miscarriage rate, and live birth rate. Meanwhile, the multiple pregnancy rate also seemed to be comparable among the three groups. Nonetheless, it was worth mentioning that the ectopic pregnancy rate in the trigger + LH surge group was significantly higher than that of the trigger-only group (2.8% vs. 0.7% vs. 0%, P=0.045). There was no case of ectopic pregnancy in the LH surge-only group, but considering the small sample size in this group, together with the low incidence of ectopic pregnancy, this result might be a result of chance.


Table 3 | The pregnancy outcomes of patients undergoing IUI.



Table 4 exhibits the results of multiple binary logistic regression analyses accounting for the risk factors that may have an impact on clinical pregnancy outcomes. The results revealed an obviously significant increase in the probability of clinical pregnancy with an increase in the cycle duration (OR: 1.043, 95% CI: 1.006-1.082, P = 0.023). At the same time, the endometrial thickness at triggering was proven to be positively associated with the clinical pregnancy rate (OR: 1.064, 95% CI: 1.024-1.105, P = 0.002), while the duration of infertility was demonstrated to be associated with a decreased probability of clinical pregnancy (OR 0.936, 95% CI 0.895-0.978, P = 0.003). Compared with patients with only one lead follicle at the time of triggering, patients with two or three lead follicles were 2.000 or 2.075 times more likely to get clinically pregnant (OR: 2.000, 95% CI: 1.522-2.628, P <0.001; OR: 2.075, 95% CI: 1.324-3.246, P =0.001). Moreover, patients with sexual dysfunction had 2.082 times more potential to achieve clinical pregnancy than patients with ovulatory dysfunction (OR: 2.082, 95% CI: 1.447-2.996, P <0.001). Additionally, compared with patients undergoing their first IUI cycles, patients attempting a third IUI cycle were associated with a decrease in the likelihood of clinical pregnancy (OR: 0.830, 95% CI: 0.691-0.997, P = 0.047). In particular, it was found that whether the LH surge was spontaneous or not did not affect the clinical pregnancy rate.


Table 4 | Binary logistic regression to account for variables associated with clinical pregnancies after undergoing LE ovulation induction with IUI (n=6,285).



To further assess the impact of risk factors on the ectopic pregnancy in IUI cycles, a binary logistic analysis was performed, as shown in Table 5. The ectopic pregnancy was less likely to occur when the LE treatment length extended (OR: 0.445, 95% CI: 0.235–0.840, P = 0.013). As for the lead follicle size on the trigger day, patients with lead follicles within the 18.1-20.0 mm/20.1-22.0 mm interval were less likely to get ectopically pregnant compared with patients with 14.1-16.0 mm lead follicles (OR: 0.142, 95% CI: 0.023–0.891, P =0.037; OR: 0.142, 95% CI: 0.022–0.903, P =0.039). Notably, it was also demonstrated that whether there was a spontaneous LH surge or not was not associated with the ectopic pregnancy.


Table 5 | Binary logistic regression to account for variables associated with ectopic pregnancies after undergoing LE ovulation induction with IUI (n =6,285).





Discussion

This study suggested that the presence of a spontaneous LH surge had no beneficial effect on the pregnancy rates in triggered LE-HMG IUI cycles. In addition, we were among the first to evaluate the effect of a spontaneous LH surge/follicle size on the ectopic pregnancy rate. Our data suggested that there was no evidence of an association between a spontaneous LH surge and ectopic pregnancy. However, patients with smaller follicles (14.1-16.0 mm) might be more likely to get ectopic pregnancy compared with patients with lead follicles within the 18.1-20.0 mm/20.1-22.0 mm interval. We also found that the risk of ectopic pregnancy might be higher with a shorter duration of LE treatment.

Among all the factors contributing to the success of IUI, it has been suggested that the timing of insemination is probably one of the most important ones (3). Our study drew similar conclusions as the previous report by Awonuga and Govindbhai. They did not find any significant difference in the pregnancy rates between the cycles in which hCG was given before or after an LH surge (9). They suggested that waiting for the LH surge to occur in the presence of a mature follicle provided no benefit to patients in IUI cycles. A study by Pittrof et al. also confirmed our results. They reported that presence of a spontaneous LH surge before the administration of hCG was not associated with a successful outcome of IUI (14). However, several studies suggested differently. Taerk et al. and Mitwally et al. both reported that a significantly higher pregnancy rate was achieved if a spontaneous LH surge occurred before hCG administration (6, 7). Nonetheless, these results did not apply to patients receiving LE. Both studies found this difference statistically insignificant with LE-IUI cycles, which was in accordance with our results (6, 7). Also, based on our study, there did not seem to be an association between an hCG/GnRHa treatment and a higher clinical pregnancy rate in LE-HMG IUI cycles, with the rate of 16.4% (424/2,588) in the trigger+ LH surge group, the rate of 15.6% (545/3,487) in the trigger-only group, and the rate of 16.7% (35/210) in the LH surge- only group. Taerk et al. also found no difference in the clinical pregnancy rates among hCG the trigger-only group, LH surge-only group, and LH surge+hCG trigger group in patients receiving LE. However, in their study, only one pregnancy resulted from 11 cycles using LE.

A possible explanation for why waiting for spontaneous LH surge did not apply to LE-HMG IUI cycles is a lower estrogen level. As an aromatase inhibitor, LE induces a reduction of circulating estrogen concentration, which enables the pituitary gland to escape from estrogen feedback (15). Furthermore, a study by Bedaiwy et al. showed that LH was significantly lower on the day of hCG administration in the LE group than the natural group (16). Thus, the detection of an LH surge might not be as accurate in the LE-HMG IUI cycle, especially using urinary LH monitoring. We use serum LH monitoring to avoid such issue as much as possible.

It was suggested in our study that a spontaneous LH surge might not be associated with the ectopic pregnancy, while lead follicles within 14.1-16.0 mm were probably related to a higher risk of ectopic pregnancy. So far, limited literature focusing on these two topics is available. Therefore, we are among the first to report the relationships between a spontaneous LH surge/follicle size and the ectopic pregnancy, the underlying mechanism of which awaits further exploration. Another intriguing finding was that it seemed that the shorter the LE treatment, the higher the risk of ectopic pregnancy. As is known, LE inhibits the synthesis of estrogen, resulting in a significantly lower E2 level. According to some studies, ectopic pregnancy was significantly higher in stimulated cycles or two-follicle HMG cycles, compared with natural cycles for IUI cycles (17, 18). Meanwhile another study showed that the rate of ectopic pregnancy increased with the peak E2 level for in-vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) cycles (19). All of these results Indicate that the tubal-uterine environment after OS may be different from the physiological status in the context of a high E2 level, which contributes to abnormal implantation eventually.

In the present study, the existence of an LH surge had also been demonstrated to not be associated with the clinical pregnancy. Meanwhile, the following factors were proven to have an influence on the clinical pregnancy. First, the duration of infertility was found negatively correlated with the clinical pregnancy rate. Hansen et al. and Mahnaz et al. reached a similar conclusion as ours, in which it was found that the duration of infertility ≤5 years was a favorable factor for treatment success in IUI (20, 21). Next, patients undergoing their third IUI cycle/with only one lead follicle were less likely to get clinically pregnant, compared with patients undergoing their second IUI cycles/with two or three lead follicles. These results were in agreement with the previous ones (2, 22–24). Finally, the endometrial thickness was verified to be positively correlated with the clinical pregnancy rate, the conclusion of which was controversial based on previous studies. While Marhar et al. and Liu et al. found that endometrial thickness contributed to the success rate in IUI cycles (25, 26), other studies found no evidence for an association between endometrial thickness and pregnancy rates during IUI (27).

The current study had several strengths. To date, it is the largest cohort study focusing on the occurrence of a spontaneous LH surge in IUI cycles with a sample size of 6,075. Also, serum LH monitoring was used to determine an LH surge, making this process much more accurate than urinary LH monitoring in other studies. In addition, we are among the first to investigate the relationship between a spontaneous LH surge/follicle size and ectopic pregnancy, which provides clinical guidance. However, there were also several limitations that must be noticed. Firstly, this is a retrospective single-center study, but we did our best to execute strict inclusion criteria. It is also worth mentioning that maybe a retrospective design is more suitable for studying spontaneous LH surges compared to RCTs. The reason behind this is that it is impossible to predict when an LH surge will occur and whether there is going to be an LH surge at all. Secondly, the size of the lead follicles might be affected due to the prolonged waiting for an LH surge, which might be a confounding factor. Thirdly, there was heterogeneity in trigger medication and timing in our study. Particularly, patients with spontaneous LH surge were more often triggered with hCG, and those without were more often triggered with a GnRHa, which might have an impact on our results. Fourthly, apart from patients diagnosed as having unexplained infertility and anovulation, we also include mild male factor and sexual dysfunction patients in our study. These might introduce confounding factors into the study, possibly affecting the results. In addition, since we had two outcome measures evaluated in the binary regression analysis (clinical pregnancy and ectopic pregnancy), substantial amounts of multiple comparison bias were probably introduced into the results. Further, well-designed large RCTs could be conducted to confirm our results.



Conclusion

The presence of a spontaneous LH surge in triggered LE-HMG IUI cycles does not appear to improve pregnancy rates. Moreover, patients with lead follicles between 14.1 and 16.0 mm or a shorter duration of LE treatment may be at a greater risk for ectopic pregnancy. However, a spontaneous LH surge is not associated with ectopic pregnancy. Thus, we suggest that waiting for an LH surge to occur is not necessary in triggered LE-HMG IUI cycles. However, this is a retrospective study, so further well-designed prospective cohort studies will be needed to confirm the conclusion.
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