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Objective: This study aimed to identify the risk factors for subchorionic hematoma (SCH) in the first trimester of in vitro fertilization (IVF) twin pregnancies and investigate the impact of SCH on pregnancy outcomes.

Study design: A prospective cohort study was conducted at Chengdu Women and Children's Central Hospital. The study recruited patients who were identified with twin pregnancies in the first trimester, undergoing IVF treatment from January 2020 to May 2021. The demographic characteristics and pregnancy outcomes were compared between the SCH and the non-SCH groups. A logistic regression analysis was used to determine the risk factors for SCH and adverse pregnancy outcomes.

Results: In the first trimester, 38% of patients developed SCH. The independent risk factors for SCH included male factor, hydrosalpinx, polycystic ovary syndrome (PCOS), previous miscarriage, and adenomyosis. With respect to the pregnancy outcomes, only the rate of twin pregnancy loss before 20 gestational weeks was significantly higher in the SCH group than in the non-SCH group. After adjusting for the confounding factors, the presence of SCH diminished the ovarian reserve, and previous miscarriage was independently related to twin pregnancy loss before 20 gestational weeks.

Conclusion: This may be the first study to evaluate the risk factors of SCH in twin pregnancies who underwent IVF-ET/FET treatment, which may provide some theoretical basis for clinical practice in the future. Furthermore, it was found that the occurrence of SCH was associated with the loss of both pregnancies before 20 gestational weeks. Therefore, these patients should be offered increased surveillance and timely treatment.
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Introduction

Sub-chorionic hematoma (SCH), a collection of blood between the chorionic membrane and the uterine wall, is a common ultrasonic feature in the first trimester (1). The incidence of SCH varies from 1 to 48% in singleton pregnancy (2, 3). In recent years, SCH has become increasingly common in twin pregnancies, and many twin pregnancies were the result of in vitro fertilization (IVF) treatment (4). According to reports, IVF treatment was associated with an increased incidence of SCH in the first trimester (5). It was believed that SCH was caused by a partial detachment of the chorion from the uterine wall (6). However, the underlying causes of SCH in IVF twin pregnancies are unclear. In singleton pregnancy, SCH was observed to be associated with adverse pregnancy outcomes such as spontaneous abortion, preterm birth, placental abruption, and fetal growth restriction (2, 7). In twin pregnancies, the presence of SCH was stated to be the independent risk factor for the loss of one or both fetuses before 20 weeks of gestation (8) but was unrelated to pregnancy outcomes >24 weeks (9). However, limited data differentiate between IVF and non-IVF twin pregnancies. Therefore, to provide evidence for clinical application, we conducted this study to identify the risk factors for SCH and the impact of SCH in IVF twin pregnancies.



Materials and methods

This was a longitudinal analysis of data prospectively collected in Chengdu Women's and Children's Central Hospital. Women who had two gestational sacs at the first-trimester ultrasound after IVF treatment from January 2020 to May 2021 were included in this study. We excluded patients with fetal abnormalities, elective termination of pregnancy, twin-to-twin transfusion syndrome, monoamniotic twins, results of multifetal pregnancy reduction, and who were lost to follow-up.

In our practice, all women had their initial ultrasound at 60/7-67/7 weeks, and they had ultrasound examinations every 2 weeks. We collected the data of each ultrasound report for the occurrence and size of an SCH. The demographic and baseline clinical information was collected from the patients.

On ultrasound imaging, SCH was identified as the fluid that accumulated behind the chorionic membrane. The mean diameter of length and width was used to determine the SCH size (Figure 1). The gestational age was determined by the embryo transfer time. The cause of infertility included hydrosalpinx, fallopian tube obstruction, polycystic ovary syndrome (PCOS), adenomyosis, diminished ovarian reserve (DOR, anti-Müllerian hormone level < 1.1 ng/mL or total antral follicle count ≤ 6), male factor (oligospermia, asthenospermia, and teratozoospermia), and unexplained cause. In our study, patients with hydrosalpinx underwent tubal ligation or salpingectomy before embryo transfer. The IVF-related factors included embryo stage (cleavage and blastocyst), gonadotropin (Gn) dose, number of retrieved oocytes, inner cell mass (ICM) stage, trophectoderm stage, infertility type (primary and secondary), type of embryo transfer (fresh embryo transfer and frozen-thawed embryo transfer), frozen–thawed transfer cycle (natural cycle and hormone replacement cycle), and endometrial thickness (EMT) at embryo transfer.
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FIGURE 1
 Flowchart showing the study selection of women with IVF twin pregnancies.


The pregnancy outcome measures included vanishing twin syndrome (one fetus ceased development), twin pregnancy loss before 20 gestational weeks, spontaneous preterm delivery (< 37 weeks), preterm premature rupture of membranes < 37 weeks (PPROM), hypertensive disorder, gestational diabetes mellitus (GDM), intrahepatic cholestasis of pregnancy (ICP), selective intrauterine growth restriction (sIUGR), placental abruption, hypothyroidism, fetal distress, neonatal birth weight, and asphyxia neonatorum.

Baseline data and pregnancy outcomes were compared between the SCH group and the non-SCH group, and the independent risk factors for SCH and adverse pregnancy outcomes were identified. This study was approved by the Ethics Committee of Chengdu Women's and Children's Central Hospital. Written informed consent was obtained from all the participants.


Statistical analysis

Statistical analysis was performed using the SPSS 19.0 software. Categorical variables were assessed using a chi-square test, and continuous variables were evaluated by Student's t-test or the Mann–Whitney U-test according to the data distribution. Potential confounding factors were added to multivariable logistic regression analysis. In the regression analysis, a “forward: conditional” method was performed for variables that differed in the non-SCH group and the SCH group (P < 0.1) in the univariate analysis. The relationship between the size and emerging time of SCH and adverse pregnancy outcomes was determined using Pearson's correlation analysis.




Results


Baseline characteristic

A total of 212 IVF twin pregnancy cases were recruited, and 185 cases were included for the final analysis in our study. Among them, 38% (71/185) of pregnancies developed SCH in the first trimester (Figure 2).
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FIGURE 2
 Ultrasound image for SCH in twin pregnancies.


The comparison of baseline data revealed that the rate of previous miscarriage was higher in the SCH group than in the non-SCH group. In addition, the cause of infertility was different in the two groups. The rate of hydrosalpinx, adenomyosis, and male factor was significantly higher in the SCH group than in the non-SCH group. In contrast, the rate of fallopian tube obstruction was significantly lower in the SCH group than in the non-SCH group. There was no significant difference between the two groups in terms of patient's age, body mass index (BMI), gravity, parity, previous preterm birth, infertility type, DOR rate, unexplained infertility rate, the total dose of Gn, number of retrieved oocytes, embryo stage, ICM grade, trophectoderm grade, embryo transfer type, frozen embryo transfer protocol, EMT, LMWH/aspirin use, and progesterone level at embryo transfer (Table 1). We used a logistic regression analysis to determine which factor was independently related to SCH. The results revealed that the independent risk factors for SCH in IVF twin pregnancies were previous miscarriage, hydrosalpinx, PCOS, adenomyosis, and male factor (Table 3).


TABLE 1 Baseline characteristics between the non-subchorionic hematoma (SCH) group and the SCH group.
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Pregnancy outcomes

The comparison of pregnancy outcomes revealed that twin pregnancy loss rate before 20 weeks was significantly higher in the SCH group than the non-SCH group (15.5 vs. 2.6%, P = 0.001). However, other pregnancy outcomes, such as vanishing twin, delivery mode, spontaneous preterm birth, PPROM, hypertensive disorder, ICP, GDM, sIUGR, fetal distress, placenta abruption, hypothyroidism, neonatal birth weight, and asphyxia neonatorum were comparable between the two groups (Table 2). The logistic regression analysis revealed that male factor, hydrosalpinx, PCOS, previous miscarriage, and adenomyosis were the independent risk factors of SCH (Table 3).


TABLE 2 Comparison of pregnancy outcomes between the non-subchorionic hematoma (SCH) group and the SCH group.
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TABLE 3 Adjusted risk of subchorionic hematoma (SCH) in in vitro fertilization (IVF) twin pregnancies.
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The logistic regression analysis revealed that SCH, DOR, and previous miscarriage were the independent risk factors of twin pregnancy loss before 20 weeks (Table 4). To explore which SCH-related index was related to twin pregnancy loss before 20 weeks, we performed Pearson's correlation analysis. Unexpectedly, either SCH size (Pearson's correlation index −0.157, P = 0.203) or emerging time (Pearson's correlation index 0.106, P = 0.395) was associated with twin pregnancy loss before 20 weeks.


TABLE 4 Adjusted risk of twin pregnancy loss before 20 gestational weeks.
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Discussion

Our study revealed that previous miscarriage, hydrosalpinx, PCOS, and male factor were all independent risk factors affecting the development of SCH, and the rate of twin pregnancy loss before 20 weeks increased significantly in patients with SCH.

In our study, the incidence of SCH in twin pregnancies reached 38%, which was higher than in previous studies (8, 9). The reason may be that the patients who underwent IVF treatment had an initial ultrasound in an earlier gestational week (during the 6th to 7th weeks). Therefore, more SCH cases could be found before the hematoma was absorbed in non-IVF cases.

The presence of SCH may be related to embryo quality and endometrial receptivity. In our investigation, the male factor (poor sperm quality) was the independent risk factor for SCH. The reason may be that sperm affected genomic material transfer and the transportation of sperm-derived factors which are essential for early embryonic development (10). Our research also revealed that hydrosalpinx remained a risk factor for SCH even after tubal ligation or salpingectomy. This may be owing to the possibility that the immune inflammatory environment associated with hydrosalpinx can disrupt ovarian and endometrial functions, further affecting embryo quality and endometrial receptivity (3). It is well-known that PCOS is related to disordered endometrial receptivity, which presents as dysregulation of endometrial sex hormone receptors, increased endometrial insulin resistance, immune-inflammatory disorder, and altered uterine vascularity (11). Therefore, patients with PCOS have a higher chance of developing SCH. Similarly, adenomyosis may increase the risk of SCH by causing hypoxia (12) and altering endometrial vascularization and epithelial-mesenchymal transition/mesenchymal–epithelial transition (13). Some adverse factors related to embryo quality and endometrial receptivity may still be present in the current pregnancy for women who have experienced previous miscarriages. Therefore, it may be reasonable to say that previous miscarriage was the independent risk factor SCH.

In terms of the pregnancy outcomes, our study revealed that SCH was an independent risk factor of twin pregnancy loss before 20 weeks. This was consistent with previous studies. Tuuli's meta-analysis revealed that the presence of SCH increased the risk of pregnancy loss by 2-fold in non-IVF pregnancies (14). In addition, Ji et al. study stated that the presence of SCH was related to the loss of both fetuses before 20 weeks of gestation in women pregnant with twins (8). However, SCH was not related to vanishing twins in our study which was in contrast with Ji et al. study. The reason may be that the mechanism of vanishing twins was related to chromosomal abnormality (15). In our analysis, apart from the loss of both fetuses, SCH was not associated with other pregnancy outcomes. Similarly, Yue reported that SCH had no impact on the pregnancy outcomes of IVF pregnancies, including gestational weeks, preterm birth, and neonatal birthweight (3). Ji et al. (8) and Naqvi et al. (9) further reported that SCH was not associated with adverse pregnancy outcomes such as stillbirth, preeclampsia, preterm labor, low birth weight, postpartum hemorrhage, and fetal distress in twin pregnancies. It was observed that the impact of SCH appeared to be “all” or “nothing” in IVF twin pregnancies. The underlying mechanism may be the shallow trophoblast invasion and impaired angiogenesis related to SCH and secondary mechanical effects of the hematoma (14).

Unexpectedly, our study revealed that the emerging time of SCH was not related to twin pregnancy loss before 20 weeks. In contrast to a previous study, which reported that the earlier an SCH was identified, the higher the rate of subsequent pregnancy failure (16). The reason may be that in this study, all patients had an ultrasound at approximately 6–7 gestational weeks. However, in non-IVF patients, they may have initial ultrasound later if they did not experience vaginal bleeding or abdominal pain. Regarding the SCH diameter, our study was consistent with Ji et al. study (8), which reported no association between SCH volume and largest diameter and pregnancy loss before 20 weeks of gestation. It may be owing to the irregular shape of uterine hematomas, which made accurate measurement difficult. Furthermore, different measurement methods could also affect the measurement results (16).

This study may be the first to prospectively identify the risk factors for SCH and the impact of SCH on pregnancy outcomes in IVF twin pregnancies. All patients had an ultrasound at 6–7 weeks in this study; therefore, selection bias was reduced. However, there were some limitations. First, our study had a relatively small sample size which may reduce its statistical power. Second, it was uncertain whether the persistence of SCH would affect the pregnancy outcomes given that the time interval of ultrasound varied among patients.



Conclusion

The independent risk factors for SCH in women who had IVF twin pregnancies included previous miscarriage, hydrosalpinx, PCOS, adenomyosis, and male factor. Additionally, SCH may increase the rate of twin pregnancy loss before 20 weeks of gestation. However, either SCH emerging time or size was related to miscarriage before 20 weeks of gestation. Large prospective randomized studies are required to determine the risk factors for SCH and its effects on IVF twin pregnancies.
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