Second-trimester miscarriage and the second pregnancy outcomes--A Chinese cohort study
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Abstract
Objective: This study sought to determine whether second-trimester miscarriage was associated with an increased risk of recurrent second-trimester loss and spontaneous preterm birth in the second pregnancy of Chinese gestational women. Secondary objective was to examine whether different gestational weeks of second-trimester miscarriage had different effects on the second pregnancy outcomes.
Design: A retrospective cohort study was undertaken in a lager, tertiary-referral university hospital (6500 deliveries per annum). Primiparous women with a second-trimester miscarriage (n=75), a spontaneous preterm birth (n=115), and a full term delivery (n=781)were identified from January 2015 to December 2017. Medical notes were reviewed and the number of complications among the three cohorts were identified. 

Results:1. Frequencies of subsequent second-trimester loss were

33.3%, 4.3%, and 1.2% in the second-trimester miscarriage, spontaneous preterm birth, and full-term delivery cohorts, respectively. Frequencies of subsequent spontaneous preterm birth were 24%, 38.3%, and 10.6% in the

same 3 cohorts. Patients with a prior second-trimester miscarriage were 9.9 times more likely to have poor obstetric outcome, compared with those with prior full-term delivery(confidence interval 6.0 to 16.5, P﹤0.0001). 2.Women with cerclage have lower frequency of recurrent second-trimester loss and spontaneous PTB(P﹤0.05). 3.The frequency of poor obstetric outcome in women was 46% vs 65% vs 54% in those with index loss at less than 18weeks, 18+1-22weeks and longer than 22 weeks.(P =0.5)
Conclusion: Primiparous women experiencing second-trimester miscarriage are at significantly increased risk of adverse obstetric outcomes in their subsequent pregnancy, while there is no significantly different in gestational age at the index second-trimester loss.
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Introduction

Second-trimester miscarriage is defined as miscarriage diagnosed between the duration of gestation of 12-24weeks,[1] while the termination date is extended to 26 weeks in China, because of the poor economic condition of patients and medical standards.Only 2±3% of pregnancies end spontaneously in the second trimester.[2] Three main clinical presentations of second-trimester miscarriage are intrauterine demise (IUD), the most common type,[3,4] preterm labor (PTL) and preterm premature rupture of membranes (PPROM).[3] Vaginal bleeding or abdominal pain can feature in all three processes.[5] Second-trimester miscarriage has been associated with infection, cervical insufficiency, uterine malformations, chromosomal abnormalities, fetal and placental anomalies, genetic and acquired thrombophilias, and abnormal expression of epigenetic modifiers and imprinted genes,[6-10] a woman who experiences more than one second-trimester loss, differing causal factors can predominate in each pregnancy.[1]
The possibility of another loss in a next pregnancy can be daunting.[11]There have been many literature about the morbidity among surviving neonates of mid-trimester pre-labour with problems including respiratory distress syndrome, pulmonary hypoplasia, intraventricular haemorrhage and limb contractures.[12] Second-trimester miscarriage has a recognized risk of maternal morbidity and mortality, especially with hemorrhage or sepsis.[13] While, a limited number of studies have reported maternal index or subsequent pregnancy outcomes of second-trimester miscarriage.[1,3,14] All these lead to huge clinical challenge for obstetricians when these patients counseling about future pregnancy outcomes, presenting a counselling and management dilemma.

The primary objective of this study was to determine whether a history of a second-trimester miscarriage was associated with an increased risk for second-trimester loss (14 to 256/7 weeks)or spontaneous preterm birth (PTB) (26 to 36 6/7 weeks) in a subsequent pregnancy of primiparous women. Our secondary aim was to characterize the subsequent risk of adverse obstetric outcomes with different gestational weeks of prior second-trimester miscarriage.

Methods

The retrospective cohort study was approved by the Institutional Review Boards of the First Affiliated Hospital of Zhengzhou University. Our institution is a tertiary-referral university hospital, with approximately 6500 deliveries annually, serving a rural and urban population. We compared the three patient cohorts which included all women with Singleton, the first pregnancy and presented to the labor and delivery unit at the First Affiliated Hospital of Zhengzhou University between January 2015 and December 2017. All the women were followed-up prospectively in observation of any subsequent pregnancies before December 31, 2019. All data about the index and subsequent pregnancies for all 3 study groups were recorded. 

The study cohort, patients with a second-trimester miscarriage. Include two main clinical presentations:preterm premature rupture of membranes (PPROM), premature labor or cervical insufficiency, the fetus was alive at the time of rupture of membranes, labor or cervical dilation. The cohort included all primiparous women who had a spontaneous pregnancy loss between a gestation of 14 weeks, 0 days and 25 weeks, 6 days and subsequent the labor and delivery between February 1, 2015, and December 31, 2019 (n=75). Two control cohorts:1.Second pregnancy with a history of spontaneous PTB(n=115). Excluded criteria : preterm birth secondary to maternal or fetal medical indications in the index pregnancy.2.Second pregnancy with a history of a full-term birth(n=781).
We collected demographic and clinical data from individual chart review and telephone follow-up, including maternal demographic, medical, and obstetric data and delivery and fetal/neonatal information at the same time. Poor obstetric outcome was defined as second-trimester pregnancy loss (14 to 256/7 weeks) or spontaneous PTB (27 to 366/7 weeks) in a subsequent pregnancy.
One-way analysis of variance was used to compare the means of continuous variables including interpregnancy interval, maternal age and gestational age at index and subsequent pregnancy. Significant associations were adjusted for potential confounders, including maternal age, prenatal care, and interpregnancy interval 6 months or less, using multivariable logistic regression. The logistic regression model adjusted for potential confounders (age, prenatal care) and included an interaction term between index pregnancy group and interpregnancy interval 6 months or less. Statistical analyses were carried out using the SAS computer software program, version 9.1 (SAS Institute Inc., Cary, North Carolina, USA, 2003), A P﹤0 .05 was considered statistically significant.
Results
1.Of the 307 primiparous with a second-trimester miscarriage Jan. 1, 2015, and Dec. 31, 2017. 79 had a subsequent pregnancy between April 2015 and December 2019. Two were excluded because of their subsequent pregnancy ended in a first-trimester spontaneous abortion and two patients are pregnant, finally, the cohort consisted of 75 patients.The control cohorts had a subsequent pregnancy at the same time as the Figure 1 , the spontaneous PTB final cohort(n=115) and the full-term final cohort(n=781) .

2.There is significantly difference with respect to mean interpregnancy interval, maternal age at subsequent delivery, prenatal care or cesarean at index pregnancy among the three study groups (Table 1).
In the index second-trimester loss cohort, no patient had a cerclage at the time of the index losss, while there were 49 patients had cerclage in their subsequent pregnancy, forty-eight cervical and one abdominal.Seventeen of the 49 patients had preterm birth, 14 at 28-36+2 weeks and 3 at less than 28 weeks. 25 had recurrent second-trimester pregnancy loss. Patients with cerclage had a significantly lower frequency of recurrent second-trimester loss(P=0.0011) and spontaneous PTB(P=0.024) than patients without cerclage, while no significantly different in full-term delivery (P=0.233). (Table 2)
4.The Figure 2 depicts subsequent pregnancy outcomes in the three cohorts. 

Patients in the second-trimester loss cohort had a significantly higher frequency of recurrent second-trimester loss (33.3%) than women in the spontaneous PTB (4.3%) and full-term delivery (1.2%) control groups (P ﹤0.0001). The frequency of spontaneous PTB in the subsequent pregnancy was 24% for the second-trimester loss cohort, compared with38.3% in the spontaneous PTB cohort and 10.6% in the full-term delivery cohort (P ﹤0.0001).

Patients with a prior second-trimester loss were resulted in 9.9 times more likely to have a recurrent second-trimester loss or PTB, compared with those with a prior full-term delivery ( confidence interval [CI] 6.0 to 16.5, P﹤0.001) after adjusting for maternal age, prenatal care, and interpregnancy interval of 6 months or less. Patients with a prior spontaneous PTB were 5.5 times more likely to have a poor obstetric outcomes, compared with those with a prior full-term delivery, after adjusting for the same confounders (CI, 3.6 to 8.4, P﹤0.001). Patients with prior second-trimester loss were significantly more likely to have a second-trimester loss in their subsequent pregnancy, compared with those with prior PTB (OR 11, CI, 4.0 to 30.4, P﹤0.001) or a full-term delivery (OR 171.6, CI, 76.0 to 387.1, P﹤0.001).

5.For patients with an index second-trimester loss or an index spontaneous PTB, interpregnancy interval of 6 months or less had no significant effect on the risk of subsequent poor obstetric outcomes (P=0.11, P=0.23). However, patients with an index full-term delivery, interpregnancy interval of 6 months or less was nearly 17.6 times more likely to have a poor obstetric outcome in their subsequent pregnancy (CI, 9.5to 32.6, P﹤0.001), compared with women with an interval greater than 6 months.

6.In the index second-trimester loss cohort, we also examined frequencies of second-trimester loss and spontaneous PTB in subsequent pregnancy by index gestational age. In women with an index loss at 18 weeks or less, 33% had a recurrent second-trimester loss and 13% had spontaneous PTB. In women with their index second-trimester loss between 18 to 22weeks, 39% had a recurrent second-trimester loss and 26% had spontaneous PTB. In women with their index second-trimester loss longer than 22 weeks, 27% had a recurrent second-trimester loss, and 27% had a subsequent spontaneous PTB. The frequency of poor obstetric outcome in women was 46% vs 65% vs 54% in those with index loss among the three stages of gestational age(P =0.5).

Discussion
Main Findings

To the best of our knowledge, very few studies have compared pregnancy outcomes following an initial second-trimester miscarriage. This is a well-categorized and retrospective cohort study in a single hospital by a single group of researchers. Few defined cohorts of this size exist within the literature. This study examines subsequent pregnancy outcomes in primiparous women following second-trimester miscarriage.Our study suggests that: (1) primiparous women with second-trimester loss are significantly more likely to have a recurrent second-trimester loss in the second pregnancy, compared with preterm and full-term birth controls; (2) primiparous women with a second-trimester loss are significantly more likely to have spontaneous PTB in a subsequent pregnancy, compared with full-term delivery controls; (3) patients with cerclage had a significantly lower frequency of adverse obstetric outcomes than patients without cerclage, and (4) a short interpregnancy interval appears to increase the risk of poor obstetric outcome in patients with spontaneous PTB and prior full-term delivery but not in those with prior second-trimester loss or PTB.

Results
Our study adds significantly to the existing literature. In spite of several studies have reported subsequent pregnancy outcomes with patients who prior spontaneous pregnancy loss, these studies have not focused exclusively on spontaneous second trimester loss, especially in primiparous women. Our study focused on the spontaneous second-trimester loss of the primiparous women, while some have defined the index pregnancy to include first-trimester losses,[15]spontaneous second-trimester loss not comprised of exclusively primiparous women,[1] spontaneous second-trimester loss include IUFD,[3,16,17 ] patients with spontaneous PTB,[18-20] patients induced for IUFD,[21-22] and patients with indicated preterm delivery secondary to maternal or fetal medical indications.[23]
There some recent literature have reported such related researches. Edlow AG et al[1] study concluded that patients with a prior second-trimester loss are at significantly increased risk for spontaneous preterm birth and recurrent second-trimester loss in the next pregnancy, finding a 27% rate of preterm delivery (24-37 weeks) and a 33% preterm delivery rate in subsequent pregnancy if the index second-trimester loss occurred between 14 and 24 weeks. Linehan LA et al[3] also found the recurrence rate of second trimester miscarriage was 6.3% (7/110) and the preterm birth rate was also 6.3% (7/110). while, other studies indicated 3.1–7% recurrence rates and 30–36% preterm birth rates.[24-26] The results of our study are consistent with those of Edlow AG et al[1]and Linehan LA et al[3]in that our patients in second-trimester loss cohort had high frequencies of subsequent PTB and recurrent second-trimester loss in a subsequent pregnancy. Our study differs from the 2 previously cited studies in the following ways: (1) our study excluded women with IUFD, which may have a different mechanism from spontaneous second trimester pregnancy loss; (2) unlike the Edlow AG study, which included all patients from 14 to 24 weeks of gestation, our study represented primiparous women with second-trimester loss (14-26 weeks). 

 Clinical and Research Implications

Patients of prior second-trimester loss have the high preterm rates with prior preterm birth. All these and prior studies[1,6,27-29] suggest that second-trimester loss and spontaneous preterm birth may have similar mechanisms, such as cervical insufficiency and infectious aetiology.Cervical insufficiency was defined as either a midtrimester pregnancy loss and no symptoms of preterm labor, complete cervical effacement in the midtrimester, or cervical dilation at the external os.[30]Genetic or cervical structural damage to the cervical stroma are important factors of Cervical insufficiency. Cervical injury damage cervical integrity during precipitous or prolonged second stage, cervical laceration, or an operative vaginal delivery.[31,32]All these lead to cervical insufficiency. Our study demonstrates that women with cerclage have lower frequency of recurrent second-trimester loss and spontaneous PTB(P﹤0.05), cerclage can decease the rate of recurrent second-trimester loss and spontaneous preterm birth in a subsequent pregnancy. It may be a good way to remain closed against the increasing uterine distention pressure during the pregnancy. 
Interpregnancy interval (IPI) was defined as from delivery date of index pregnancy to last menstrual period of subsequent pregnancy. Recent studies have been confirmed that the IPI may affect pregnancy outcomes.[33-35] Roberts et al evidence that spontaneous pregnancy loss at 14–19 weeks gestation, IPI of ＜3 months had an increased risk of recurrence, an IPI of >18–24 months increased the risk of recurrence. While for women who had a loss at 20–23 weeks, there was no evidence that a shorter IPI increased or decreased the risks.[36] Edlow found that IPI had no significant impact on those with index spontaneous PTB or second-trimester loss, while for index full term delivery an IPI of < 6 months increased risk of preterm birth or miscarriage 10.1 times.[1] In our cohort, we found that IPI had significant impact on increased risk of adverse obstetric outcomes with index spontaneous PTB and index full term delivery. It can be daunting that the possibility of another loss in a next pregnancy,[37] appropriate IPI is useful to decrease the risk of adverse obstetric outcomes in a subsequent pregnancy. 

 Strengths and Limitations 

The strengths of this study include:(1) a focus exclusively on the second trimester miscarriage (14to 256/7 weeks) of the primiparous women, providing clear outcomes data for this understudied group; (2) the inclusion of primiparous women with a spontaneous second-trimester loss , rather than indicated in the index cohorts; and the collection of 2 control groups from a similar time period and the same source population.(3) The study included primiparous women of different social backgrounds in rural and urban areas across China.(4) The spontaneous second-trimester loss group is comprised of exclusively primiparous women. Although there are some strengths, limitations of our study include many aspects, including: (1) the retrospective collection of the patients; (2) the relatively small number of primiparous women in the second-trimester miscarriage cohort; (3) Some patients in the second-trimester miscarriage cohort and spontaneous PTB lost follow-up, If some of these women had uncomplicated term deliveries, our results may be biased toward overestimating the frequency of poor obstetric outcome in these cohorts. (4) It was a single-center study, it is not ensure whether the findings are generalizable to other obstetrical populations.
Conclusion
Spontaneous second-trimester loss is a severe obstetric complication that has clinical and social impact. These women require specialist surveillance and management in subsequent pregnancies.So far, there is no significant improvement in subsequent pregnancy outcomes because of the unclear pathophysiology of the second-trimester loss. We should try our best to understand the mechanisms of second-trimester loss as well as to explore the effective and potential therapies in preventing preterm birth to improve subsequent obstetrical outcomes. How to remain cervix closed against the increasing uterine distention pressure and prevent premature cervical ripening may be a promising future therapies.
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Table 1 The demographics of the three groups
	
	Cohorts by index pregnancy

	
	Second-trimester pregnancy loss (n=75)
	Spontaneous PTB(n=115)
	Full-term delivery

(n=781)
	P value

	Mean age at index pregnancy, y
	27.0±3.6
	26.5±3.4
	27.4±3.0
	0.08

	Mean age at subsequent pregnancy, y
	28.1±3.6
	26.6±3.7
	27.6±3.0
	0.0003

	Mean gestational age at index delivery 
	21.3±3.5
	33.1±2.5
	39.4±1.1
	﹤0.001

	Mean gestational age at subsequent delivery 
	31.0±8.2
	35.3±5.5
	38.2±3.1
	﹤0.001

	Mean interpregnancy interval (d)
	392.5±259.3
	643.5±349.6
	684.4±292.9
	﹤0.001

	No prenatal care at index pregnancy, %(n)
	9.3(8)
	10.7(23)
	10.4(294)
	﹤0.001

	No prenatal care at subsequent pregnancy,%(n)
	5.3(4)
	7.0(8)
	9.7(76)
	0.32

	Cesarean at index delivery,%(n)
	0(0)
	43(92)
	35(987)
	﹤0.001

	Cesarean at subsequent delivery,%(n)
	31(23)
	36(41)
	41(320)
	0.1446


Table 2 Comparison of the outcomes of the subsequent pregnancy
	
	The subsequent pregnancy of second-trimester loss cohort

	
	second-trimester pregnancy loss,n
	Spontaneous PTB,n
	 full-term delivery,n

	Women with cerclage
N=49
	10
	15
	24

	Women without cerclage

N=26
	15
	2
	9

	P value
	0.0011
	0.024
	0.233




