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Objective

To study the influence of the previous cesarean section on the pregnancy outcomes and perinatal outcomes in single embryo transfer (SET) cycles in an in vitro fertilization/intracytoplasmic sperm injection-embryo transfer (IVF/ICSI-ET) setting compared to those with previous vaginal delivery (VD). In addition, the association between fertility outcomes and different cesarean scar defect (CSD) sizes was studied.



Method

This was a retrospective cohort study conducted in the Reproductive Center of the First Affiliated Hospital of Nanjing Medical University. A total of 4,879 patients with previous delivery history undergoing SET were included between January 2015 and April 2019. Patients were divided into the VD group and cesarean delivery (CD) group according to different modes of previous delivery. The primary outcome was live birth rate. The pregnancy outcomes of CD were analyzed as a subgroup and the relationship between pregnancy outcomes as well as the different sizes of CSD were explored by logistic regression analysis.



Results

There were no significant differences in live birth rate, clinical pregnancy rate, and miscarriage rate between the CD group and VD group. The incidence rates of pregnancy complications such as pregnancy hypertension, gestational diabetes mellitus, placenta abnormalities, premature rupture of membrane, and postpartum hemorrhage were similar in the two groups. Live birth rate was significantly lower in the CSD group (23.77% vs 37.01%, aOR: 0.609, 95% CI: 0.476-0.778) comparing to patients without CSD. There were also significant differences in clinical pregnancy rate (37.52% vs 47.64%, aOR: 0.779, 95%CI: 0.623-0.973) and miscarriage rate (34.55% vs 20.59%, aOR: 1.407, 95%CI:1.03-1.923). Large size CSD significantly decreased live birth rate (13.33% vs 26.29%, aOR: 0.422, 95%CI: 0.197-0.902) and clinical pregnancy rate (25.33% vs 40.09%, aOR: 0.503, 95%CI: 0.272-0.930) compared with small size CSD.



Conclusion

For women with previous cesarean sections, the pregnancy outcomes were similar to those with previous VD without increased perinatal complications following SET. The presence of CSD was associated with a marked reduction in live birth rate, especially in patients with large size CSD.
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1 Introduction

In recent decades, the prevalence of cesarean section (CS) in the global scope grew two-fold, increasing from 12% in 2000 to 21% in 2015 in all deliveries (1). In China, the percentage of CS delivery increased from 28.8% to 36.7% from 2008 to 2018 (2), which was much higher than the reasonable range of 10-15% recommended by the World Health Organization (WHO). There are rising concerns regarding the short-term complications and long-term risks of CS, including placental implantation and uterine rupture in the next pregnancy (3). It is well established that pregnancy risks dramatically increase with twin pregnancies than singleton pregnancies (4), especially in patients with scarred uterus (5). There is an urgent need to reduce the multiple pregnancies rate in patients with the previous cesarean delivery(CD) (6). However, the incidence of multiple pregnancies increases in patients undergoing IVF by multiple embryos transfer to achieve a higher pregnancy rate (7). Single embryo transfer (SET) is an effective strategy to avoid multiple pregnancies without compromising the cumulative live birth rates compared with double embryos transfer (8). Previous studies showed SET not only decreased multiple pregnancies risk but also improved the perinatal outcomes compared with singletons resulting from double-embryo transfers (9). Hence, SET is recommended for patients with a scarred uterus. Keeping that in mind, the pregnancy and perinatal outcomes after SET in patients with previous CS are still unknown.

A significantly lower rate of natural conception after CD was reported (10). Several studies investigated the association of prior CD and pregnancy outcomes in IVF cycles. The conclusions have been controversial as these studies lack homogeneity and different studies evaluated different numbers (one or more) of embryos transfer including a mix of cleavage-stage and blastocyst-stage embryos transfer. It is important to further explore the effect of previous CD on pregnancy outcomes in a SET setting.

Cesarean scar defect (CSD) is also called niche or diverticulum, which refers to poor healing of uterine scar after CS (11). Its prevalence varies from 6.9-69% depending on the study population and methodology used (12). Some reports suggested that CSD impaired embryo implantation and subsequent fertility (13, 14). Residual myometrial thickness (RMT) measured less than 3mm is defined as large CSD (15) with a high risk of spontaneous uterine rupture (16, 17). No published studies have investigated the relationship between pregnancy outcomes with different sizes of CSD.

Therefore, this study aimed to investigate the impact of previous CD compared with previous vaginal delivery (VD) on the reproductive outcomes and perinatal outcomes in patients undergoing SET. We also explored the relationship between the pregnancy outcomes and different CSD sizes in patients undergoing IVF treatment.



2 Material and Method


2.1 Study Population

This retrospective study was conducted at the Department of Assisted Reproduction Center of the First Affiliated Hospital of Nanjing Medical University from January 2015 to April 2019. Patients included into this study had at least one previous delivery (including CS and VD) and SET was performed. Only the first embryo transfer was included in the analysis. According to the previous modes of delivery, patients were divided into two groups: the previous CD group and the previous VD group. Exclusion criteria was: advanced maternal age (>43years); recurrent pregnant loss: two or more pregnancy loss before 24 weeks of gestation; untreated mild to severe hydrosalpinx, endometriosis, uterine adhesion; Preimplantation Genetic Testing (PGT) cycles; and oocytes donation cycles.



2.2 CSD Evaluation

All patients were assessed by Voluson E8 ultrasound system (General Electric Voluson, 2014, USA) equipped with a 5-9 MHz three-dimensional transvaginal probe. The three-dimensional-transvaginal ultrasound (3D-TVS) was taken 3-7 days after menstruation. CSD is defined as a wedge-shaped anechoic area with an indentation of the myometrium larger than 2 mm at the site of CS. The depth, width of CSD, and RMT were measured in the sagittal plane (18). The large CSD was estimated as RMT less than 3mm, middle size CSD was RMT in a range of 3-6 mm, small size CSD was defined as RMT more than 6mm.



2.3 Treatment Protocol


2.3.1 Ovarian Stimulation

Conventional gonadotropin releasing hormone (GnRH) agonist (GnRHa) (midluteal GnRHa suppression) and GnRH antagonist (antagonist administration when the leading follicle diameter reaches 13mm) regimens were performed for ovarian stimulation. The initial dose of recombinant follicle-stimulating hormone (FSH) was 100–300 IU/day depending on age, body mass index (BMI), ovarian reserve, and possible response to stimulation.



2.3.2 Ovulation Trigger and Luteal Phase Support

When at least the diameter of two follicles reached 18 mm or three follicles greater than 17mm, a single bonus of 6500 IU recombinant human chorionic gonadotropin (hCG) injection was administered subcutaneously and oocyte retrieval was performed 36 hours later. Only one embryo was transferred 3–5 days after oocyte retrieval. The luteal phase was daily supported by progesterone from the day of oocyte retrieval and continued for 14 days after the embryo transfer. In the cases of potential severe ovarian hyperstimulation syndrome, all embryos were frozen.



2.3.3 Frozen-Thawed Embryo Transfer (FET) Protocol

Endometrial preparation for FET was performed by four regimens, including natural cycle, induced ovulation cycle, hormone replacement therapy (HRT), and GnRHa combined HRT (GnRHa+HRT) regimen. The natural cycle was performed in women with regular menstruation with or without hCG trigger. An induced ovulation cycle was conducted among anovulatory women with letrozole in combination with human menopausal gonadotropin (hMG). Luteal phase support was administered on the day of ovulation. For the HRT cycle, exogenous estrogen was administered until the endometrium reached optimal thickness, then the supplement of exogenous progesterone was performed. The GnRHa+HRT was mainly for women with endometriosis or adenomyosis. Pituitary down-regulation was achieved by a full dose of GnRHa 3.75mg at day 1 or day 2 of the menstrual cycle and HRT was performed 25-28 days later. A cleavage-stage or a blastocyst-stage embryo was transferred 3-5 days after endometrial development with progesterone.




2.4 Outcome Measures

The primary outcome was live birth rate, defined as live births after 28 gestational weeks. The secondary outcome parameters included biochemical pregnancy, clinical pregnancy, miscarriage, ectopic pregnancy, twin pregnancies, neonatal outcomes, and maternal pregnancy complications. Biochemical pregnancy was detected as positive serum hCG 14 days after embryo transfer. Clinical pregnancy was defined as the presence of a gestational sac with or without fetal heart detected by the ultrasound examination at the eighth gestational week. Miscarriage referred to pregnancy loss before 28 gestational weeks. Ectopic pregnancy referred to the gestational sac detected out of the uterine cavity. Twin pregnancies was defined as two fetal heartbeats detected by ultrasound. The interested maternal complications included gestational hypertension, gestational diabetes, placental abnormalities such as placenta previa and placental abruption, premature rupture of the membrane, and postpartum hemorrhage. Neonatal outcomes comprised preterm birth (<37 weeks of gestation), stillbirth (fetal death after 28 gestational weeks), low birth weight (< 2500g), and very low birth weight (<1500g).



2.5 Statistical Analysis

Data were analyzed by SPSS statistics (version 26; IBM, Armonk, NY). Continuous variables were described as mean values with standard deviation and categorical variables were described as numbers with percentages. Propensity score matching (PSM) was applied to balance the distributions of observed baseline characteristics between the CD groups and the VD groups with a 1:1 nearest-neighbor matching strategy and caliper was set as 0.2. Age, BMI, infertility diagnosis, fertilization methods, fresh or frozen-thawed cycle, the protocol of fresh and frozen embryo transfer, and endometrial thickness on the day of embryo transfer were selected as the matching factors. After PSM, Student’s t-test or Mann-Whitney U test was used for continuous variables, depending on the normality of the data distribution. Fisher’s exact test and Pearson’s χ2 were used for categorical data. Univariate and multivariate logistic regression analysis was performed to test the relationship between the presence of CSD and reproductive outcomes. The adjusted covariates of logistic regression included age, BMI, fresh or frozen-thawed cycle, the stage of embryo transferred, and endometrial thickness on the day of transfer. The association of the different sizes of CSD and the reproductive outcomes were performed by the logistic regression by the adjusted factors described above. The crude and adjusted results were expressed as odds ratio (OR) with 95% confidence intervals (CIs). A two-sided P value of less than 0.05 was considered statistically significant.




3 Results


3.1 General Information of Patients With Different Delivery Modes Following SET

As shown in Figure 1, 3,135 women who underwent single cleavage-stage embryo transfer and 1,744 women who underwent single blastocyst-stage embryo transfer were included. Before matching, the baseline characteristics such as age, BMI, and the thickness of the endometrium were not balanced in VD and CD groups. After subsequent propensity score matching, 1,350 patients were assigned to the VD and CD groups, respectively, in patients with single cleavage-stage embryo transfer and 729 patients were included in each group with single blastocyst-stage embryo transfer. The baseline variables such as age, BMI, infertility factors, endometrial thickness, the protocol of fresh and frozen embryo transfer were all comparable between the VD and CD groups in both cleavage-stage and blastocyst-stage embryo transfer populations (all P>0.05) (Table 1).


Table 1 | Demographics and cycle characteristics of patients with different previous delivery modes.






Figure 1 | Flow chart of the study. SET, single embryo transfer; VD, vaginal delivery; CD, cesarean delivery; PSM, propensity score matching; CSD, cesarean scar defect.





3.2 The Pregnancy and Perinatal Outcomes of VD and CD Groups

The pregnancy outcomes of the VD and CD groups are presented in Table 2. The biochemical pregnancy rate (cleavage-stage: 40.67% vs 39.18%, P=0.432; blastocyst-stage: 71.60% vs 69.41%, P=0.358), clinical pregnancy rate (cleavage-stage: 36.22% vs 34.29%, P=0.295; blastocyst-stage: 66.67% vs 65.29%, P=0.543), and live birth rate (cleavage-stage: 26.59% vs 23.70%%, P=0.084; blastocyst-stage: 57.20% vs 52.40%, P=0.066) were higher in the VD groups but the differences failed to reach significant difference. In addition, no significant differences were observed in miscarriage rate, ectopic pregnancy rate, or twin pregnancies rate in different groups. Table 3 shows the perinatal outcomes including maternal complications and neonatal outcomes. The prevalence rate of preterm birth, low birth, very low birth, and obstetric complications did not differ in VD and CD groups (all P>0.05). However, we observed a statistically significant decrease in gestational weeks of delivery in patients with previous CS (cleavage-stage: 38.39 ± 1.89 weeks vs 38.08 ± 1.55 weeks, P=0.02; blastocyst-stage: 38.36 ± 1.63  weeks vs 37.95 ±1.49 weeks, P<0.001).


Table 2 | Pregnancy outcomes of patients with different previous delivery modes.




Table 3 | Perinatal outcomes of patients with different modes of previous delivery.





3.3 The Baseline Characteristics and Logistic Regression Analysis of Reproductive Outcomes Between Previous CD Patients With and Without CSD

As shown in Table 4, the number of patients with previous CD without visible scars was 1,570 and the number of patients with CSD was 509. The baseline characteristics such as age, BMI, endometrial thickness, and the proportion of blastocyst-stage transfer were comparable between the patients with and without CSD (all P>0.05), while the proportion of fresh embryo transfer was significantly different between the two groups (34.77% vs 27.13%, P=0.001). We investigated the pregnancy outcomes by logistic regression to overcome the imbalance and the results are shown in Table 5. After adjusting for age, BMI, fresh or frozen-thawed cycle, the stage of embryo transferred, endometrial thickness, the live birth rate was significantly lower in patients with CSD than those without CSD (23.77% vs 37.01%, aOR: 0.609, 95%CI: 0.476-0.778). The probability of clinical pregnancy rate (37.52% vs 47.64%, aOR: 0.779, 95%CI: 0.623-0.973) also decreased in patients with CSD. A significantly increased risk of miscarriage was observed in the CSD group (34.55% vs 20.59%, aOR: 1.407, 95%CI: 1.03-1.923). There were no significant differences in biochemical pregnancy rate or ectopic pregnancy rate.


Table 4 | Baseline characteristics of patients with and without CSD.




Table 5 | Logistic regression analysis of reproductive outcomes of patients with and without CSD.





3.4 The Relationship Between the Reproductive Outcomes and Different CSD Size

After adjusting for important confounders (age, BMI, fresh or frozen-thawed cycle, the stage of embryo transferred, endometrial thickness), patients with large CSD were associated with a significantly lower live birth rate (13.33% vs 26.29%, aOR: 0.422, 95%CI: 0.197-0.902) compared with patients with small CSD. Similarly, biochemical pregnancy rate (32.00% vs 45.69%,aOR: 0.546, 95%CI: 0.305-0.978) and clinical pregnancy rate(25.33% vs 40.09%, aOR: 0.503, 95%CI: 0.272-0.93) were significantly lower in the large CSD group. However, there were no significant differences observed in miscarriage rate among patients with different sizes of CSD (Table 6). 


Table 6 | Logistic regression analysis of patients with different sizes of CSD.






4 Discussion

CS rate is increasing worldwide and continues to grow. CS leads to an anatomic change of the uterus and contributed to a lower rate of childbearing (9, 19). Recent studies attempt to demonstrate the relation between CD and subsequent pregnancy outcomes in IVF, but the results have been controversial. The underlying cause of the difference was considered to be the heterogeneity of these studies. One of the factors was the imbalanced baseline characteristics of the patients, including maternal age, endometrial thickness at the day of transfer, and BMI. Zhang et al. (20) observed no difference in live birth rate (40.59% vs 45.38%, P=0.466) between the CD and VD groups, however, there was imbalanced maternal age. Diao (21) et al. also revealed no significant difference in live birth rate (33.1% vs36.4%, OR: 0.86, 95%CI: 0.64~1.16, P>0.05) with thinner endometrial thickness in the CD group. In another study, Friedenthal J et al. (22) reported nearly a 10% reduction in the live birth rate of the CD group with imbalanced BMI. Our preliminary data also showed some imbalanced characteristics including higher age, larger BMI, and thinner endometrium in the CD group. To overcome this imbalance, we utilized PSM and reported a lower live birth rate, clinical pregnancy rate, and higher miscarriage rate without a statistically significant difference in women with previous CD compared with women with previous VD following SET. Furthermore, previous studies included patients with a mix of cleavage-stage and blastocyst-stage embryo transfers in different proportions, which could lead to a biased interpretation of the results. In a prospective study performed by Patounakis et al. (23), the live birth rate (39% vs 32%, P=0.366) was similar between different modes of the previous delivery with 35-39% blastocyst-stage embyro transfer rate. When the blastocyst transfer rate was only 7.9-9% [Huang et al. (24)], an obviously lower live birth rate (27.5% vs 33.4%, P=0.03) in patients with previous CD was discovered. Previous work demonstrates that blastocyst-stage embryo transfer was associated with an increased pregnancy rate than cleavage-stage embryo transfer (25, 26), so we further stratified patients with different stages of embryo development, respectively, to avoid bias. The results showed the same trend of lower live birth rate regardless of cleavage-stage embryo or blastocyst-stage embryo transfer.

Patients with previous CD history had an increased risk of life-threatening pregnancy complications with the subsequent twin gestation than singleton pregnancy (27). SET was defined as a multiple birth minimization strategy (28). Our data shows comparable perinatal outcomes following SET between patients with different previous delivery modes. The incidences of adverse obstetric and neonatal outcomes did not show significant differences between the CD and VD groups. The twin pregnancies rates were 0.63-1.64% in patients with CD history following SET. In contrast to our study, some studies (29, 30) transferred one or more embryos in patients with previous CS, and the twin birth rate approximately reached 30% with significantly higher preterm birth rate than singleton births. Some patients even received selective fetal reduction to decrease the risk of adverse events in twin birth. Selective fetal reduction was an invasive procedure complicated with infection and miscarriage (31) and SET was more likely to be the first option to achieve a healthy live birth. Moreover, the CD group showed a significantly lower gestational age than VD group (cleavage-stage: 38.39 ± 1.89 weeks vs 38.08 ± 1.55 weeks, P=0.02, blastocyst-stage: 38.36 ± 1.63  weeks vs 37.95 ± 1.49 weeks, P<0.001). This might be associated with the timing of elective repeat CS without labor. Most repeat cesarean deliveries were performed around 37-39 weeks of gestation (32) in patients with previous history of CS concerning maternal and neonatal safety (33).

The presence of CSD had a negative effect on subsequent fertility (34). In this study, the presence of CSD shows a detrimental effect on subsequent pregnancy. The results remained robust after adjusting for the possible confounders and effect-modifying factors. Patients with CSD were associated with a significantly lower rate of subsequent live birth (aOR: 0.609, 95%CI: 0.476~0.778, P<0.001) and clinical pregnancy (aOR: 0.779, 95%CI: 0.623~0.973, P=0.027), as well as a higher likelihood of miscarriage (aOR:1.407, 95%CI: 1.03~1.923, P=0.032) compared with those without defect at the site of the cesarean incision. The results were in agreement with previous studies (21, 35). The existence of CSD could lead to poor pregnancy outcomes in patients undergoing IVF.

In literature, large CSD (RMT<3mm) in non-pregnant women is regarded as a high risk of uterine dehiscence or rupture in subsequent pregnancies (36). However, there is no definitive classification of CSD to predict the pregnancy outcomes in IVF. This study explored the relationship between different sizes of scar defects and pregnancy outcomes with a logistic regression model adjusted for potential confounding factors. Live birth rate (13.33% vs 26.29%, aOR: 0.422, 95%CI: 0.197-0.902) and clinical pregnancy rate (25.33% vs 40.09%, aOR: 0.503, 95%CI: 0.272-0.930) sharply decreased in patients with large CSD compared with those with small CSD. The underlying mechanisms appear to be associated with reduced scar contractility around the fibrotic scar (37). The impaired ability of myometrium cannot expel the blood completely in the niche with degradation of hemoglobin (38). The fluid accumulated at the CS site may hamper the embryo implantation like in patients with hydrosalpinx (39). The toxic environment with excess iron might disturb the endometrial receptivity and uterine microbiota (40). Another explanation is that CSD may compromise the process of decidualization (41). The delayed endometrial maturation has a negative effect on steroid receptor expression and impairs embryo implantation (42). Furthermore, the altered immune microenvironment in the scar can lead to a decline in fertility with less vascularization and leukocytes (13).

The major weakness of our study was its retrospective design. We were unable to get more detailed previous information about the CS, such as previous pregnancy complications, emergent or elective CS, single or double-layer suture of the uterus and the ability to assess the role of related information on pregnancy outcomes was not available. Another limitation was the sensitivity of 3D-TVS examination for CSD. Saline contrast sonography, hysteroscopy, or magnetic resonance imaging (MRI) might provide more accuracy but were also more invasive and expensive (43, 44). A better diagnosis tool and classification for CSD needs to be explored.



5 Conclusion

This study demonstrated no significant differences in pregnancy outcomes and no higher incidences of perinatal complications in patients with different modes of previous delivery in SET cycles. Further subgroup analyses suggested the presence of CSD was associated with a lower live birth rate, and large CSD was identified as the main deleterious factor for live birth. Our findings suggest clinicians should assess the healing of uterus scars and inform patients of the adverse impacts of CSD in the subsequent pregnancy.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement 

The studies involving human participants were reviewed and approved by Reproductive Medical Ethics Committee of the first affiliated hospital of Nanjing Medical University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

LW and FD conceived and designed the study. JW collected data and performed the statistical analysis. LW wrote the first draft which was revised by NL and JW. The study was supervised by JL and FD. All the authors contributed to the study and approved the submitted version.



Funding

This work was supported by National Key Research and Development Program of China (2018YFC100258, 2017YFC1001303) and National Natural and Science Foundation of China (81730041).



Acknowledgments

The authors thank all participants involved in this study.



References

1. Boerma, T, Ronsmans, C, Melesse, DY, Barros, AJD, Barros, FC, Juan, L, et al. Global Epidemiology of Use of and Disparities in Caesarean Sections. Lancet (2018) 392:1341–8. doi: 10.1016/S0140-6736(18)31928-7

2. Li, HT, Hellerstein, S, Zhou, YB, Liu, JM, and Blustein, J. Trends in Cesarean Delivery Rates in China, 2008-2018. JAMA (2020) 323(1):89–91. doi: 10.1001/jama.2019.17595

3. Sandall, J, Tribe, RM, Avery, L, Mola, G, Visser, GH, Homer, CS, et al. Short-Term and Long-Term Effects of Caesarean Section on the Health of Women and Children. Lancet (2018) 392(10155):1349–57. doi: 10.1016/S0140-6736(18)31930-5

4. Santana, DS, Surita, FG, and Cecatti, JG. Multiple Pregnancy: Epidemiology and Association With Maternal and Perinatal Morbidity. Rev Bras Ginecol Obstet (2018) 40(9):554–62. doi: 10.1055/s-0038-1668117

5. Ngene, NC, Naidoo, TD, Titus, M, Moodley, J, Craib, S, and Stutterheim, J. Antepartum Uterine Rupture in a Twin Gestation Presenting as an Advanced Extrauterine Pregnancy in a Patient With a Previous Lower Segment Caesarean Section. Trop Doct (2014) 44(3):176–8. doi: 10.1177/0049475514524954

6. Adamson, GD, and Norman, RJ. Why are Multiple Pregnancy Rates and Single Embryo Transfer Rates So Different Globally, and What do We do About it? Fertil Steril (2020) 114(4):680–9. doi: 10.1016/j.fertnstert.2020.09.003

7. Gleicher, N, Kushnir, VA, and Barad, D. Fertility Treatments and Multiple Births in the United States. N Engl J Med (2014) 370(11):1069. doi: 10.1056/NEJMc1400242

8. Thurin, A, Hausken, J, Hillensjö, T, Jablonowska, B, Pinborg, A, Strandell, A, et al. Elective Single-Embryo Transfer Versus Double-Embryo Transfer in In Vitro Fertilization. N Engl J Med (2004) 351(23):2392–402. doi: 10.1056/NEJMoa041032

9. Martin, AS, Chang, J, Zhang, Y, Kawwass, JF, Boulet, SL, McKane, P, et al. Perinatal Outcomes Among Singletons After Assisted Reproductive Technology With Single-Embryo or Double-Embryo Transfer Versus No Assisted Reproductive Technology. Fertil Steril (2017) 107(4):954–60. doi: 10.1016/j.fertnstert.2017.01.024

10. Gurol-Urganci, I, Bou-Antoun, S, Lim, CP, Cromwell, DA, Mahmood, TA, Templeton, A, et al. Impact of Caesarean Section on Subsequent Fertility: A Systematic Review and Meta-Analysis. Hum Reprod (2013) 28(7):1943–52. doi: 10.1093/humrep/det130

11. Tulandi, T, and Cohen, A. Emerging Manifestations of Cesarean Scar Defect in Reproductive-Aged Women. J Minim Invasive Gynecol (2016) 23(6):893–902. doi: 10.1016/j.jmig.2016.06.020

12. Antila-Långsjö, RM, Mäenpää, JU, Huhtala, HS, Tomás, EI, and Staff, SM. Cesarean Scar Defect: A Prospective Study on Risk Factors. Am J Obstet Gynecol (2018) 219(5):458.e1–8. doi: 10.1016/j.ajog.2018.09.004

13. Naji, O, Wynants, L, Smith, A, Abdallah, Y, Saso, S, Stalder, C, et al. Does the Presence of a Caesarean Section Scar Affect Implantation Site and Early Pregnancy Outcome in Women Attending an Early Pregnancy Assessment Unit? Hum Reprod (2013) 28(6):1489–96. doi: 10.1093/humrep/det110

14. Gubbini, G, Centini, G, Nascetti, D, Marra, E, Moncini, I, Bruni, L, et al. Surgical Hysteroscopic Treatment of Cesarean-Induced Isthmocele in Restoring Fertility: Prospective Study. J Minim Invasive Gynecol (2011) 18(2):234–7. doi: 10.1016/j.jmig.2010.10.011

15. Donnez, O, Donnez, J, Orellana, R, and Dolmans, MM. Gynecological and Obstetrical Outcomes After Laparoscopic Repair of a Cesarean Scar Defect in a Series of 38 Women. Fertil Steril (2017) 107(1):289–96.e2. doi: 10.1016/j.fertnstert.2016.09.033

16. Risager, JK, Uldbjerg, N, and Glavind, J. Cesarean Scar Thickness in non-Pregnant Women as a Risk Factor for Uterine Rupture. J Matern Fetal Neonatal Med (2022) 35(2):389–94. doi: 10.1080/14767058.2020.1719065

17. Kok, N, Wiersma, IC, Opmeer, BC, de Graaf, IM, Mol, BW, and Pajkrt, E. Sonographic Measurement of Lower Uterine Segment Thickness to Predict Uterine Rupture During a Trial of Labor in Women With Previous Cesarean Section: A Meta-Analysis. Ultrasound Obstet Gynecol (2013) 42(2):132–9. doi: 10.1002/uog.12479

18. Wang, CB, Chiu, WW, Lee, CY, Sun, YL, Lin, YH, and Tseng, CJ. Cesarean Scar Defect: Correlation Between Cesarean Section Number, Defect Size, Clinical Symptoms and Uterine Position. Ultrasound Obstet Gynecol (2009) 34(1):85–9. doi: 10.1002/uog.6405.5

19. Kjerulff, KH, Paul, IM, Weisman, CS, Hillemeier, MM, Wang, M, Legro, RS, et al. Association Between Mode of First Delivery and Subsequent Fecundity and Fertility. JAMA Netw Open (2020) 3(4):e203076. doi: 10.1001/jamanetworkopen.2020.3076

20. Zhang, N, Chen, H, Xu, Z, Wang, B, Sun, H, and Hu, Y. Pregnancy, Delivery, and Neonatal Outcomes of In Vitro Fertilization-Embryo Transfer in Patient With Previous Cesarean Scar. Med Sci Monit (2016) 22:3288–95. doi: 10.12659/MSM.900581

21. Diao, J, Gao, G, Zhang, Y, Wang, X, Zhang, Y, Han, Y, et al. Caesarean Section Defects may Affect Pregnancy Outcomes After In Vitro Fertilization-Embryo Transfer: A Retrospective Study. BMC Pregnancy Childbirth (2021) 21(1):487. doi: 10.1186/s12884-021-03955-7

22. Friedenthal, J, Alkon-Meadows, T, Hernandez-Nieto, C, Gounko, D, Lee, JA, Copperman, A, et al. The Association Between Prior Cesarean Delivery and Subsequent In Vitro Fertilization Outcomes in Women Undergoing Autologous, Frozen-Thawed Single Euploid Embryo Transfer. Am J Obstet Gynecol (2021) 225(3):287.e1–8. doi: 10.1016/j.ajog.2021.03.026

23. Patounakis, G, Ozcan, MC, Chason, RJ, Norian, JM, Payson, M, DeCherney, AH, et al. Impact of a Prior Cesarean Delivery on Embryo Transfer: A Prospective Study. Fertil Steril (2016) 106(2):311–6. doi: 10.1016/j.fertnstert.2016.03.045

24. Huang, J, Lin, J, Cai, R, Lu, X, Song, N, Gao, H, et al. Effect of a Prior Cesarean Delivery on Pregnancy Outcomes of Frozen-Thawed Embryo Transfer: A Retrospective Cohort Study in a Freeze-All Setting. Acta Obstet Gynecol Scand (2020) 99(10):1303–10. doi: 10.1111/aogs.13863

25. Glujovsky, D, Farquhar, C, Quinteiro Retamar, AM, Alvarez Sedo, CR, and Blake, D. Cleavage Stage Versus Blastocyst Stage Embryo Transfer in Assisted Reproductive Technology. Cochrane Database Syst Rev (2016) (6):CD002118. doi: 10.1002/14651858.CD002118.pub5

26. Chen, H, Lv, JQ, Wu, XM, Xiao, Y, Xi, HT, Zhu, CF, et al. Blastocyst-Stage Versus Cleavage-Stage Embryo Transfer in the First Frozen Cycles of OHSS-Risk Patients Who Deferred From Fresh Embryo Transfer. Gynecol Endocrinol (2015) 31(9):698–701. doi: 10.3109/09513590.2015.1062858

27. Kabiri, D, Masarwy, R, Schachter-Safrai, N, Masarwa, R, Hirsh Raccah, B, Ezra, Y, et al. Trial of Labor After Cesarean Delivery in Twin Gestations: Systematic Review and Meta-Analysis. Am J Obstet Gynecol (2019) 220(4):336–47. doi: 10.1016/j.ajog.2018.11.125

28. Meldrum, DR. In Vitro Fertilization Twins: Acceptable When Desired, or Iatrogenic Complication Preventable Through Elective Single Embryo Transfer? Fertil Steril (2018) 109(2):221–2. doi: 10.1016/j.fertnstert.2017.12.006

29. Wang, YQ, Yin, TL, Xu, WM, Qi, QR, Wang, XC, and Yang, J. Reproductive Outcomes in Women With Prior Cesarean Section Undergoing In Vitro Fertilization: A Retrospective Case-Control Study. J Huazhong Univ Sci Technolog Med Sci (2017) 37(6):922–7. doi: 10.1007/s11596-017-1828-3

30. Chen, T, Li, B, Shi, H, Bu, ZQ, Zhang, FQ, and Su, YC. Reproductive Outcomes of Single Embryo Transfer in Women With Previous Cesarean Section. Reprod Sci (2021) 28(4):1049–59. doi: 10.1007/s43032-020-00345-w

31. Evans, MI, Ciorica, D, Britt, DW, and Fletcher, JC. Update on Selective Reduction. Prenat Diagn (2005) 25(9):807–13. doi: 10.1002/pd.1261

32. Tita, AT, Landon, MB, Spong, CY, Lai, Y, Leveno, KJ, Varner, MW, et al. Timing of Elective Repeat Cesarean Delivery at Term and Neonatal Outcomes. N Engl J Med (2009) 360(2):111–20. doi: 10.1056/NEJMoa0803267

33. Landon, MB, Hauth, JC, Leveno, KJ, Spong, CY, Leindecker, S, Varner, MW, et al. National Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network. Maternal and Perinatal Outcomes Associated With a Trial of Labor After Prior Cesarean Delivery. N Engl J Med (2004) 351(25):2581–9. doi: 10.1056/NEJMoa040405

34. Vissers, J, Hehenkamp, W, Lambalk, CB, and Huirne, JA. Post-Caesarean Section Niche-Related Impaired Fertility: Hypothetical Mechanisms. Hum Reprod (2020) 35(7):1484–94. doi: 10.1093/humrep/deaa094

35. Huang, L, Huang, S, Yuan, Y, Li, Y, Chen, M, and Zhou, C. Reduced Pregnancy and Live Birth Rates After In Vitro Fertilization in Women With Cesarean Section Scar Diverticulum: A Retrospective Cohort Study. J Obstet Gynaecol Res (2022) 48(1):146–54. doi: 10.1111/jog.15061

36. Api, M, Boza, A, Gorgen, H, and Api, O. Should Cesarean Scar Defect Be Treated Laparoscopically? A Case Report and Review of the Literature. J Minim Invasive Gynecol (2015) 22(7):1145–52. doi: 10.1016/j.jmig.2015.06.013

37. Donnez, O. Cesarean Scar Defects: Management of an Iatrogenic Pathology Whose Prevalence has Dramatically Increased. Fertil Steril (2020) 113(4):704–16. doi: 10.1016/j.fertnstert.2020.01.037

38. Van Langendonckt, A, Casanas-Roux, F, and Donnez, J. Iron Overload in the Peritoneal Cavity of Women With Pelvic Endometriosis. Fertil Steril (2002) 78(4):712–8. doi: 10.1016/s0015-0282(02)03346-0

39. Lawrenz, B, Melado, L, Garrido, N, Coughlan, C, Markova, D, and Fatemi, H. Isthmocele and Ovarian Stimulation for IVF: Considerations for a Reproductive Medicine Specialist. Hum Reprod (2020) 35(1):89–99. doi: 10.1093/humrep/dez241

40. Moreno, I, and Simon, C. Relevance of Assessing the Uterine Microbiota in Infertility. Fertil Steril (2018) 110(3):337–43. doi: 10.1016/j.fertnstert.2018.04.041

41. Brosens, JJ, and Gellersen, B. Something New About Early Pregnancy: Decidual Biosensoring and Natural Embryo Selection. Ultrasound Obstet Gynecol (2010) 36(1):1–5. doi: 10.1002/uog.7714

42. Ben-Nagi, J, Walker, A, Jurkovic, D, Yazbek, J, and Aplin, JD. Effect of Cesarean Delivery on the Endometrium. Int J Gynaecol Obstet (2009) 106(1):30–4. doi: 10.1016/j.ijgo.2009.02.019

43. Roberge, S, Boutin, A, Chaillet, N, Moore, L, Jastrow, N, Demers, S, et al. Systematic Review of Cesarean Scar Assessment in the Nonpregnant State: Imaging Techniques and Uterine Scar Defect. Am J Perinatol (2012) 29(6):465–71. doi: 10.1055/s-0032-1304829

44. Antila-Långsjö, R, Mäenpää, JU, Huhtala, H, Tomás, E, and Staff, S. Comparison of Transvaginal Ultrasound and Saline Contrast Sonohysterography in Evaluation of Cesarean Scar Defect: A Prospective Cohort Study. Acta Obstet Gynecol Scand (2018) 97(9):1130–6. doi: 10.1111/aogs.13367




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Wang, Lu, Liu and Diao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Pregnancy and Perinatal Outcomes of Patients With Prior Cesarean Section After a Single Embryo Transfer in IVF/ICSI: A Retrospective Cohort Study

      

        		

          Objective

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Material and Method

        

          		

            2.1 Study Population

          



          		

            2.2 CSD Evaluation

          



          		

            2.3 Treatment Protocol

          

            		

              2.3.1 Ovarian Stimulation

            



            		

              2.3.2 Ovulation Trigger and Luteal Phase Support

            



            		

              2.3.3 Frozen-Thawed Embryo Transfer (FET) Protocol

            



          



          



          		

            2.4 Outcome Measures

          



          		

            2.5 Statistical Analysis

          



        



        



        		

          3 Results

        

          		

            3.1 General Information of Patients With Different Delivery Modes Following SET

          



          		

            3.2 The Pregnancy and Perinatal Outcomes of VD and CD Groups

          



          		

            3.3 The Baseline Characteristics and Logistic Regression Analysis of Reproductive Outcomes Between Previous CD Patients With and Without CSD

          



          		

            3.4 The Relationship Between the Reproductive Outcomes and Different CSD Size

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement 

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Parameter

Biochemical pregnancy rate
Small CSD

Middle CSD

Large CSD

Clinical pregnancy rate
Small CSD

Middle CSD

Large CSD

miscarriage rate

Small CSD

Middle CSD

Large CSD

Live birth rate

Small CSD

Middle CSD

Large CSD

(%) (n/N)

45,69 (106/232)
45,54 (92/202)
32.00 (24/75)

40.09 (93/232)
39.11 (79/202)
25.33 (19/75)

31.18 (29/93)
35.44 (28/79)
47.37 (9/19)

26.29 (61/232)
24.75 (50/202)
13.33 (10/75)

Crude OR (95%Cl)

reference
0.994 (0.681-1.452)
0559 (0.323-0.969)

reference
0.960 (0.653-1.412)
0.507 (0.283-0.908)

reference
1.126 (0.645-1.967)
0.955 (0.430-2.120)

reference
0.922 (0.598-1.422)
0.431 (0.208-0.892)

P value

0.976
0.038*

0.836
0.022*

0.675
0.909

0.714
0.023*

Adjusted OR (95%Cl)

reference
0.884 (0.586-1.334)
0546 (0.305-0.978)

reference
0.862 (0.567-1.310)
0.503 (0.272-0.930)

reference
1.105 (0.620-1.967)
1.012 (0.450-2.278)

reference
0.832 (0.522-1.326)
0.422 (0.197-0.902)

P value

0.557
0.042*

0.488
0.028*

0.735
0.976

0.439
0.026*

CSD, cesarean section defect; Values are described as percentage (number/total number ); Adjusted for age, BMI, fresh or frozen-thawed cycle, stage of embryo transferred, endometrial

thickness:*P<0.05.
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Ages (years) 35.04+4.71 35.84+4.99 0.339
BMI (kg/m2) 22.85+2.86 23.56 +2.87 0.240
Endometrial thickness(mm) 9.59 £1.73 9.49 +1.79 0.522
Blastocyst-stage embryo transfer rate, %(n/N) 36.18% (568/1570) 31.63% (161/509) 0.062
Fresh embryo transfer rate, %(n/N) 27.13% (426/1570) 34.77% (177/509) 0.001*

CSD, cesarean section defect; BMI, body mass index; Values are described as mean+standard deviation or percentage (number/total number); *P<0.05.
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VD group (n=359) CD group (n=320) P value VD (n=417) CD (n=382) P value
Maternal complications, n (%) 43 (11.98) 47 (14.69) 0.299 41 (9.83) 52 (13.61) 0.096
Gestational diabetes mellitus, n (%) 18 (6.01) 24 (7.50) 0.179 26 (6.24) 28 (7.33) 0.538
Gestational hypertension, n (%) 11 (3.06) 8 (2.50) 0.656 3(0.72) 5(1.31) 0.403
Placenta previa, n (%) 8(2.23) 8 (2.50) 0.816 4(0.96) 9(2.36) 0.119
Placental abruption, n (%) 1(0.28) 0 (0.00) 0.345 1(0.24) 0(0.00) 0.338
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VD, vaginal delivery; CD, cesarean delivery. Values are described as mean+standard deviation or number (percentage) *P<0.05.
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0.283

0.613
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0.055

0.899

0.272

0.56+185 9.49+1.79 0296 9.76+1.74 9.59+1.64 0.040

before PSM after PSM
VvD CD P VvD CD P
(n=926) (n=818) value (n=729) (n=729) value
33.48 33.39 0.707 33.43 33.30 0.58
+4.76 +4.25 +4.77 +4.41
22.38 2368 0.028" 2238 2263  0.079
+2.73 +2.81 +2.74 2.7
460 402 0.976 376 363 0.898
(49.68)  (49.14) (51.58)  (49.19)
195 169 149 154
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(10.26)  (10.39) (8.37) 8.13)
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(1901)  (19.8) (19.62) (206
745 687 0.055 599 602 0.837
(80.45) (83.99) (82.17) (82.58)
181 131 130 127
(1955)  (16.01) (17.83)  (17.42)
40(4.32) 45(550) 0.253 24 (329) 28(3.84) 0572
886 773 705 701
(95.68) (94.50) (96.71) (96.16)
32 (80) 35 0.802 22 20 0.065
(77.79) (91.67)  (71.43)
8(20) 10 2(8.33) 8
(22.22) (28.57)
357 305 0.292 270 280 0.641
(40.29) (39.46) (38.30) (39.94)
350 299 275 277
(39.50) (38.68) (39.01) (39.51)
108 87 93 7
(12.19)  (11.25) (1819)  (10.98)
71 82 67 67
801  (10.61) (9.50) (9.56)

9.70£1.68 9.65+1.67 0.505

PSM, propensity score matching; VD, vaginal delivery; CD, cesarean delivery; BMI, body mass index; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; GnRHa, gonadotropin-

releasing hormone agonist; Values are described as mean + standard deviation or number (percentage); *P<0.05.
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Parameter Without CSD group (n=1570)

Biochemical pregnancy rate, % (/N) ~ 51.78 (813/1570)

Clinical pregnancy rate, % (n/N) 47.64 (748/1570)
Miscarriage rate, % (n/N) 20.59 (154/748)
Ectopic pregnancy rate, % (n/N) 1.74 (13/748)
Live birth rate, % ('VN) 37.01 (681/1570)

CSD group (n=509)

43.61 (222/509)
37.52 (191/509)
34.55 (66/191)
2.09 (4/191)
23.77 (121/509)

Crude OR

0.720 (0.589-0.881)
0.660 (0.538-0.810)
1.370 (1.007-1.863)
0.949 (0.308-2.923)
0531 (0.422-0.667)

P value

0.001*
0.001*
0.045*
0.927
<0.001*

Adjusted OR

0.865 (0.696-1.076)
0.779 (0.623-0.973)
1.407 (1.030-1.923)
1.088 (0.349-3.389)
0.609 (0.476-0.778)

P value

0.194
0.027*
0.032*
0.885
<0.001*

CSD, cesarean section defect. Values are described as percentage (number/total number); Adjusted for age, BMI, fresh or frozen-thawed cycle, the stage of embryo at transfer,

endometrial thickness; *P<0.05.





