

[image: image1]
The Risk of Postpartum Hemorrhage Following Prior Prelabor Cesarean Delivery Stratified by Abnormal Placentation: A Multicenter Historical Cohort Study












	
	ORIGINAL RESEARCH
published: 11 October 2021
doi: 10.3389/fmed.2021.745080






[image: image2]

The Risk of Postpartum Hemorrhage Following Prior Prelabor Cesarean Delivery Stratified by Abnormal Placentation: A Multicenter Historical Cohort Study

Bi Shilei1†, Zhang Lizi2†, Li Yulian1, Liang Yingyu1, Huang Lijun1, Huang Minshan1, Huang Baoying1, Jia Jinping3, Cao Yinli4, Wang Shaoshuai5, Xu Xiaoyan5, Feng Ling5, Zhao Yangyu6, Zhao Xianlan7, Zhu Qiying8, Qi Hongbo9, Wen Suiwen10, Zhang Lanzhen11, Li Hongtian12, Chen Jingsi1,13, Wang Zhijian2*, Du Lili1,13* and Chen Dunjin1,13*


1Key Laboratory for Major Obstetric Diseases of Guangdong Province, Department of Obstetrics and Gynecology, The Third Affiliated Hospital of Guangzhou Medical University, Guangzhou, China

2Department of Obstetrics and Gynecology, Nanfang Hospital, Southern Medical University, Guangzhou, China

3Department of Obstetrics and Gynecology, Guangzhou Huadu District Maternal and Child Health Hospital, Guangzhou, China

4Department of Obstetrics and Gynecology, Northwest Women's and Children's Hospital, Xian, China

5Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

6Department of Obstetrics and Gynecology, Peking University Third Hospital, Beijing, China

7Department of Obstetrics and Gynecology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China

8Department of Obstetrics and Gynecology, The First Affiliated Hospital of Xinjiang Medical University, Urumqi, China

9Department of Obstetrics and Gynecology, The First Affiliated Hospital of Chongqing Medical University, Chongqing, China

10Department of Obstetrics and Gynecology, The Sixth Affiliated Hospital of Guangzhou Medical University, Qingyuan People's Hospital, Guangzhou, China

11Department of Obstetrics and Gynecology, The Second Affiliated Hospital of Guangzhou Medical University, Guangzhou, China

12National Health Commission Key Laboratory of Reproductive Health, Institute of Reproductive and Child Health, Peking University Health Science Center, Beijing, China

13Key Laboratory of Reproduction and Genetics of Guangdong Higher Education Institute, Guangzhou, China

Edited by:
Marco La Verde, Università degli Studi della Campania “Luigi Vanvitelli”, Italy

Reviewed by:
Matteo Pavone, Agostino Gemelli University Polyclinic, Italy
 Shigeki Matsubara, Jichi Medical University, Japan

*Correspondence: Du Lili, lilidugysy@gzhmu.edu.cn
 Wang Zhijian, wzjnfyy@163.com
 Chen Dunjin, gzdrchen@gzhmu.edu.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Obstetrics and Gynecology, a section of the journal Frontiers in Medicine

Received: 21 July 2021
 Accepted: 03 September 2021
 Published: 11 October 2021

Citation: Shilei B, Lizi Z, Yulian L, Yingyu L, Lijun H, Minshan H, Baoying H, Jinping J, Yinli C, Shaoshuai W, Xiaoyan X, Ling F, Yangyu Z, Xianlan Z, Qiying Z, Hongbo Q, Suiwen W, Lanzhen Z, Hongtian L, Jingsi C, Zhijian W, Lili D and Dunjin C (2021) The Risk of Postpartum Hemorrhage Following Prior Prelabor Cesarean Delivery Stratified by Abnormal Placentation: A Multicenter Historical Cohort Study. Front. Med. 8:745080. doi: 10.3389/fmed.2021.745080



Background: Prior prelabor cesarean delivery (CD) was associated with an increase in the risk of placenta previa (PP) in a second delivery, whether it may impact postpartum hemorrhage (PPH) independent of abnormal placentation. This study aimed to assess the risk of PPH stratified by abnormal placentation following a first CD before the onset of labor (prelabor) or intrapartum CD.

Methods: This multicenter, historical cohort study involved singleton, pregnant women at 28 weeks of gestation or greater with a CD history between January 2017 and December 2017 in 11 public tertiary hospitals within 7 provinces of China. PPH was analyzed in the subsequent pregnancy between women with prior prelabor CD and women with intrapartum CD. Furthermore, PPH was analyzed in pregnant women stratified by complications with PP alone [without placenta accreta spectrum (PAS) disorders], complications with PP and PAS, complications with PAS alone (without PP), and normal placentation. We performed multivariate logistic regression to calculate adjusted odds ratios (aOR) and 95% CI controlling for predefined covariates.

Results: Out of 10,833 pregnant women, 1,197 (11%) women had a history of intrapartum CD and 9,636 (89%) women had a history of prelabor CD. Prior prelabor CD increased the risk of PP (aOR 1.91, 95% CI 1.40–2.60), PAS (aOR 1.68, 95% CI 1.11–2.24), and PPH (aOR 1.33, 95% CI 1.02–1.75) in a subsequent pregnancy. After stratification by complications with PP alone, PP and PAS, PAS alone, and normal placentation, prior prelabor CD only increased the risk of PPH (aOR 3.34, 95% CI 1.35–8.23) in a subsequent pregnancy complicated with PP and PAS.

Conclusion: Compared to intrapartum CD, prior prelabor CD increased the risk of PPH in a subsequent pregnancy only when complicated by PP and PAS.
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INTRODUCTION

Postpartum hemorrhage (PPH) is a major contributor to maternal morbidity and death (1) and it also exerts long-term overall impact on health of women (2). The prevalence of PPH progressively increased from 6.3% in 2000 to 8% in 2009 in Canada (3), and it reached a level of 25.7% in Africa (4). Abnormal placentation including placenta previa (PP) (abnormal location of the lower edge of the placenta) and placenta accreta spectrum (PAS) (abnormal adherence of the placenta at the endometrial–myometrial interface that leads to aberrant decidualization) is the most common cause of PPH (5). Abnormal placentation is associated with damage to the endometrial–myometrial interface of the uterine wall, mainly uterine scar secondary to cesarean delivery (CD) (6). CD is a lifesaving procedure for women with complications, but the dramatic rise in the CD rate worldwide has raised concerns about the adverse maternal and neonatal outcomes and also the long-term consequences (7–9). It is, thus, important to prevent the overuse of CD, especially primary CD. Primary CD is classified as intrapartum CD and prior to the onset of labor (prelabor) according to the time of its execution. It is noteworthy that some investigators have reported that the long-term effects of these two types of CD are different (10–12).

Kamel et al. found that the location of the uterine incision differed between intrapartum CD and prelabor CD and that the latter increased the risk of a scar-niche formation (12). Downes et al. reported that prior prelabor CD increased the risk of placenta previa in the second delivery compared with prior intrapartum CD (10). In the study by Kamara et al., women with prelabor CD were more likely to develop a placenta accreta in the subsequent pregnancy complicated with placenta previa, relative to those women with intrapartum CD (11). Similarly, prelabor CD may be an additional risk factor for PPH compared with intrapartum CD since the uterine repair might be different after the trial of labor, even though it is failed (13).

Very little is known regarding the impact of prior CD subtype on PPH in a subsequent pregnancy independent of abnormal placentation.

In this study, we investigated the association between PPH and the subtype of prior CD (prelabor vs. intrapartum) as stratified by abnormal placentation.



METHODS

This was a multicenter, historical, cross-sectional cohort study of pregnant women with a scarred uterus in 11 public tertiary hospitals covering 7 provinces, municipalities, and autonomous regions within China (Guangdong, Beijing, Xinjiang, Shanxi, Henan, Hubei, and Chongqing) from January 2017 to December 2017. Electronic medical records were used to identify women with a history of CD who delivered again and a review of the chart was performed to obtain further data. A history of two or more CDs, loss of CD indication records, a vertical uterine incision in a previous CD, severe data loss, and gestational age <28 weeks were excluded. Since most women with PP or PAS require CD before labor and prior PP and PAS increase the incidence of future PP and PAS (which are the risk factors for PPH in a subsequent pregnancy), (14) pregnant women with PP or PAS in a prior CD were excluded. First CD was categorized into the following: (1) CD before onset of labor (prelabor CD) or (2) CD after onset of labor (intrapartum CD). Figure 1 depicts a flow diagram of the patient enrollment process.


[image: Figure 1]
FIGURE 1. A flow diagram of the enrollment process of the patient.


Maternal demographics of the index pregnancy included maternal age, prepregnancy body mass index (BMI), gestational weight gain, gravida, number of abortions, interpregnancy interval, race/ethnicity, use of assisted reproductive technology (ART), source of the women (referral or not), history of curettage, obstetric complications [premature rupture of membranes (PROM), hypertensive disorders, and diabetes mellitus (DM)], and mode of delivery. Maternal demographics of the preceding pregnancy included indication, history of CD, and complications.

Postpartum hemorrhage was analyzed in the subsequent pregnancy between women with prior prelabor CD and women with intrapartum CD. As PP and PAS were the highest risk factors for PPH, we further analyzed PPH in a subsequent pregnancy as stratified by PP, PAS, and normal placentation. Considering that PP itself is a risk factor for PAS disorders, we classified PP and PAS as PP alone (PP without PAS), PP complicated by PAS, and PAS alone (PAS without PP).

We defined PPH as a loss of ≥1,000 ml of blood after CD and ≥500 ml of blood after vaginal delivery (15). The blood loss was estimated principally through gravimetric measurement, i.e., we took the weight of blood-soaked items and subtracted the dry weight of the items to obtain blood loss volume. We also collected blood in the calibrated canisters through a negative pressure aspirator after the birth of the neonate, thus avoiding the problem of measuring non-blood fluids. PP was defined as a placenta lying directly over the internal cervical os and PAS disorders were distinguished using intraoperative findings or postoperative pathology.



STATISTICAL ANALYSES

We conducted statistical analyses using R software (version 3.6.1) and SPSS (version 25.0) for Windows. Quantitative data were examined for normal distribution using the Q–Q plot and the Kolmogorov–Smirnov test. Student's t-test and the Mann–Whitney U-test were used to compare continuous variables with normal and non-normal distributions between the two groups, respectively. Categorical variables were reported as a frequency (percentage) and the differences between the groups were compared using the Chi-squared or Fisher's exact probability test in cases of small numbers, as appropriate. We investigated the risk of PPH according to prior CD mode using multivariate logistic regression analysis adjusted for possible confounders—including age, weight gain, hypertensive disorders, and DM. We also calculated crude odds ratios (ORs) and adjusted odds ratios (aORs) along with their 95% CIs. Differences with p < 0.05 were considered to be statistically significant.



RESULTS

This study comprised 10,833 pregnant women with a history of CD. The majority of deliveries at the first pregnancy were prelabor CDs (89%, n = 9,636) followed by intrapartum CDs (11%, n = 1,197) (Figure 1). Figure 2 shows the vaginal deliveries and the indications of repeat CDs in a subsequent pregnancy in women with a prior prelabor CD or intrapartum CD. A total of 100 (8.4% of the total) pregnant women with prior intrapartum CD and 851 (8.8%) pregnant women with prior prelabor CD were delivered vaginally. The common indications for subsequent CD in women with prior intrapartum CD or prelabor CD were previous CD (56.3 vs. 57.9%), complications (24.5 vs. 24.0%), abnormal labor (1.6 vs. 0.6%), non-reassuring fetal trace (2.3 vs. 2.4%), PP alone (1.8 vs. 3.3%), PAS alone (1.0 vs. 1.0%), PP complicated by PAS (1.9 vs. 3.5%), and abnormal fetal position (2.3 vs. 1.4%).


[image: Figure 2]
FIGURE 2. Vaginal deliveries and the indications of repeat cesarean deliveries (CDs) in a subsequent pregnancy in women with prior prelabor CD or intrapartum CD.


Table 1 represents the demographics of a subsequent pregnancy. Pregnant women with prior prelabor CD were significantly more likely to be younger and manifest greater weight gain during pregnancy compared with women with prior intrapartum CD. Compared to women with prior intrapartum CD, women with prior prelabor CD exhibited a significantly higher prevalence of hypertensive disorders.


Table 1. Demographics of a subsequent pregnancy.
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Table 2 demonstrates the risks of PPH and blood transfusion that were observed among women with prior prelabor CD both before and after adjustments for maternal age, weight gain, hypertensive disorders, and DM. We also found that prior prelabor CD was the independent risk factor for antepartum hemorrhage, PP (including PP alone and PP complicated by PAS), and PAS (referring primarily to PAS complicated by PP and not PAS alone).


Table 2. Multivariate logistic regression analysis on all the subsequent pregnancies.
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Prior prelabor CD only increased the risk of PPH and blood transfusions in women showing complications of PP with PAS in a subsequent pregnancy. However, the prior prelabor CD did not influence antepartum hemorrhage, PPH, or blood transfusions in women with normal placentation or complicated by PP alone or PAS alone (Table 3). The demographics of a subsequent pregnancy complicated by PP and PAS, PP alone, PAS alone, and normal placentation are illustrated in Supplementary Tables 1–4, respectively.


Table 3. Multivariate logistic regression analysis in pregnancies complicated by PP alone, PP and PAS, PAS alone, or normal placentation.
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DISCUSSION

In this multicenter, historical, cross-sectional cohort study of pregnant women with a history of CD, we established that prior prelabor CD increased the risk of antepartum hemorrhage, PP, PAS (referring primarily to PAS complicated by PP and not PAS alone), PPH, and blood transfusion. After stratification by PP alone, PP complicated by PAS, and PAS alone, only prior prelabor CD increased the risk of PPH and blood transfusion in a subsequent pregnancy complicated by PP and PAS.

In the study by, Downes et al. (10) they used a history of PP as an adjusted factor to study the effect of prior delivery mode on subsequent PP. However, most of the women in their study who showed complications with a history of PP in their study chose CD directly without trial of labor, as did women with a history of PAS. In our study, we excluded pregnant women with a history of PP or PAS. In addition, as the prior CD itself is also a risk factor for PP compared with prior vaginal birth, we focused in a subsequent pregnancy on the outcome of women with a history of CD. A previous case-control study suggested that women with a primary elective CD without labor were likely to develop a placenta increta in a subsequent pregnancy with PP relative to those undergoing primary emergency CD with labor (11). Consistent with previous reports, we proved that prior prelabor CD increased the risk of PP complicated by PAS in a subsequent pregnancy. Furthermore, we found that prior prelabor did not increase the risk of PAS without the complication of PP.

Although antepartum hemorrhage is commonly caused by PP and placental abruption, placental abruption accounts for only a fraction of the cases of hemorrhage in pregnancy (16–18). The association between PP and PAS and the risk of PPH is well documented (19, 20) and the need for transfusion usually indicates greater severity of hemorrhage (18). In the present study, the increased risk of antepartum hemorrhage, PPH, and blood transfusion by prior prelabor might be due to prior prelabor CD, thus increasing the prevalence of PP and PAS. We then analyzed the association between subtypes of prior CD and PPH in a subsequent pregnancy complicated by PP and PAS, PP alone, PAS alone, or normal placentation, and, intriguingly, prior prelabor CD did not influence antepartum hemorrhage, PPH, or the need for blood transfusion in women with normal placentation, complicated by PP alone or by PAS alone. It has been suggested that the structure of the uterine segment, uterine activation, and immune function in women with intrapartum CD might reduce the damage and promote healing compared with prelabor CD (10). In addition, prelabor CD resulted in the scar being situated in the uterine cavity above the internal cervical os with more scar-niche formation. In contrast, intrapartum CD resulted in the scar being positioned in the uterine cavity at or below the internal cervical os with less scar-niche formation (12). All of the aforementioned factors may represent a plausible mechanism(s) for aberrant placentation in a subsequent pregnancy. PAS is often complicated with PP and its prevalence has been directly linked to a prior CD (21, 22). However, studies on the association between PAS alone and prior prelabor CD are rare and we speculate that pregnancies complicated by PAS alone in a subsequent pregnancy may be due to other reasons (e.g., curettage and hysteroscopy) instead of the prior CD.

Placenta accreta spectrum combined with PP is more likely to lead to PPH than PAS alone or PP alone (23). It has also been shown that bleeding often occurs from the deep area of the lower segment just after placental removal (24). One possible mechanism underlying the association between the subtype of prior CD and PPH in pregnancies complicated by PP and PAS may be due to the fact that prior prelabor CD was likely to predispose women to a uterine scar defect (12). Alternatively, an explanation might be related to the differences in the proportion of normally remodeled blood vessels (25). Therefore, to meet the local oxygen demands and metabolic requirements, the area and depth of the trophoblast invading the myometrium might increase (26), predisposing these women to severe bleeding and additional intrauterine intraoperative procedures (27).



STRENGTHS AND LIMITATIONS

Our study exhibited several strengths. At first, this was a multicenter study that involved 11 public tertiary hospitals covering 7 provinces, municipalities, and autonomous regions within China. We, thus, avoided the selection bias inherent to a single-center study and the study would be more generalizable to heterogeneous populations. Second, this was the first study on the association between PPH in a subsequent pregnancy and subtype of prior CD independent of PAS and PP. However, our study possessed some limitations. This was a historical cohort study using a review of the chart and some data were not available in every hospital's dataset. We were unable to further classify PP (marginal, partial, or complete PP) and PAS (placenta accreta, placenta increta, and placenta percreta), which would have allowed us to better understand the relationship between the subtype of prior CD and abnormal placentation. After stratification by PP and PAS, the numbers of PPH cases were also relatively small in women with the prior prelabor CD or intrapartum CD. The intriguing results of this study require further examination in other population-based samples.



CONCLUSION

In conclusion, the findings of the present study suggested that compared with intrapartum CD, prior prelabor CD increases PP, PAS, and PPH in a subsequent pregnancy; however, prelabor CD increases PPH only when complicated by PP and PAS. Though technological advances have made CD extremely safe (28), primary CD was not the first choice for pregnant women who did not accept intrapartum CD due to its potential long-term impact. We suggest that clinicians instill in pregnant women greater confidence and correct misunderstandings with respect to intrapartum CD in order to reduce the adverse maternal outcome in a subsequent pregnancy due to primary CD.
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postpartum hemorrhage; CD, cesarean delivery; PP, placenta previz

PAS, placenta accreta spectrum; aOR, adjusted odds ratios.
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