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Abstract

OBJECTIVE: To estimate the association between the number of prior cesarean deliveries and pregnancy outcomes among women with placenta previa.

METHODS: Women with a placenta previa and a singleton gestation were identified in a concurrently collected database of cesarean deliveries performed at 19 academic centers during a 4-year period. Maternal and perinatal outcomes were analyzed after stratifying by the number of cesarean deliveries before the index pregnancy.

RESULTS: Of the 868 women in the analysis, 488 had no prior cesarean delivery, 252 had one prior cesarean delivery, 76 had two prior cesarean deliveries, and 52 had at least three prior cesarean deliveries. Multiple measures of maternal morbidity (eg, coagulopathy, hysterectomy, pulmonary edema) increased in frequency as the number of prior cesarean deliveries rose. Even one prior cesarean delivery was sufficient to increase the risk of an adverse maternal outcome (a composite of transfusion, hysterectomy, operative injury, coagulopathy, venous thromboembolism, pulmonary edema, or death) from 15% to 23%, which corresponded, in multivariable analysis, to an adjusted odds ratio of 1.9 (95% confidence interval 1.2–2.9). Conversely, gestational age at delivery and adverse perinatal outcome (a composite measure of respiratory distress syndrome, necrotizing enterocolitis, intraventricular hemorrhage grade 3 or 4, seizures, or death) were unrelated to the number of prior cesarean deliveries.

CONCLUSION: Among women with a placenta previa, an increasing number of prior cesarean deliveries is associated with increasing maternal, but not perinatal, morbidity.

LEVEL OF EVIDENCE: II

The number of pregnancies in which delivery is accomplished by a cesarean delivery has been steadily rising over the last decade.1 This increase is due both to a greater frequency of primary cesarean delivery as well as decreased probability of vaginal birth after cesarean delivery. Consequently, obstetricians are more likely to be caring for women who have had one, and in many cases more than one, cesarean delivery.

This change in the clinical characteristics of the obstetric population in the United States has implications for the frequency of obstetric morbidity. Using a large registry database, Silver et al2 documented that having had a prior cesarean delivery increases a woman's risk of obstetric complications. Indeed, the chances of obstetric complications, such as blood transfusion, hysterectomy, and endometritis, were more likely with each additional cesarean delivery that a woman had experienced. Also progressively more likely with each cesarean delivery was the chance of placenta previa, a finding that has been reported by others.2–5

Although the relationship between prior cesarean deliveries and placenta previa is well established, there has been relatively less investigation regarding the maternal and neonatal outcomes that occur once a placenta previa exists in the presence of a prior uterine scar, and whether adverse outcomes become progressively more likely with an increasing number of prior cesarean deliveries. This information is important to know so that women with a placenta previa can be appropriately counseled regarding their outcomes and physicians can be appropriately prepared for their deliveries. Thus, the aim of the present investigation was to estimate the associations between the number of prior cesarean deliveries and pregnancy outcomes among women with a placenta previa.
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METHODS

Between 1999 and 2002, investigators at 19 academic medical centers, belonging to the National Institute of Child Health and Human Development Maternal–Fetal Medicine Units Network, created a registry that included pregnancy outcomes of women who delivered at their institutions. During the first 2 years of the study, data on all cesarean deliveries were concurrently collected, whereas the remaining 2 years had data collection limited to those women with a prior cesarean delivery. Full details of the study design and technique of data collection have been previously described.6

This analysis concerns those women in the registry with a singleton gestation and a placenta previa. In this registry, the presence of a placenta previa was based upon the documentation in the intrapartum medical record of a “placenta previa.” The position of the placenta within the uterus (ie, posterior, anterior, etc.) as well as the type of previa (ie, marginal, partial, complete) was not recorded. Women with an antepartum stillbirth or whose number of prior cesarean deliveries was unknown were excluded. For women who met inclusion criteria, maternal demographic information as well as maternal and neonatal health outcomes were analyzed. Placenta accreta, increta, and percreta were diagnosed on the basis of pathologic findings, although clinical findings were used if hysterectomy was not performed. A composite adverse outcome variable was created for both maternal and perinatal adverse outcomes. The adverse maternal composite included any of the following: transfusion, hysterectomy, operative injury (cystotomy, ureteral injury, or bowel injury), coagulopathy, thromboembolic event, pulmonary edema, or death. The adverse perinatal composite included any of the following: respiratory distress syndrome, necrotizing enterocolitis, intraventricular hemorrhage grades 3 or 4, seizures, or death. All definitions of outcomes were prespecified in a manual of operations and made uniform across all centers.

Data were stratified according to the number of prior cesarean deliveries a woman had experienced. Differences in patient characteristics among the women with different numbers of cesarean delivery were evaluated with the Kruskal-Wallis test for continuous variables and χ2 test for categorical outcomes. The evaluation of whether an increasing number of cesarean deliveries were associated with an increasing risk of adverse outcome was performed using tests of trend. The Cochran-Armitage trend test was used for categorical variables and the Jonckheere-Terpstra trend test was used for continuous variables.7,8 The association of composite maternal and perinatal morbidity with the number of prior cesarean deliveries was also evaluated for the subgroup of women with a placenta previa who had a nonemergent scheduled delivery (ie, a delivery that was not precipitated by maternal bleeding).

Last, the composite measures of maternal and perinatal morbidity were further explored with multivariable analyses. These multivariable analyses were performed to control for possible confounding of the outcomes by differences in patient characteristics. Also, these analyses allowed the determination of whether a threshold number of cesarean deliveries was necessary before the risk of composite adverse outcomes began to increase. In these analyses, the composite outcome served as the dependent variable and the number of prior cesarean deliveries, entered as a multiple dichotomous variable (ie, “one prior cesarean delivery,” “two prior cesarean deliveries,” or “at least 3 prior cesarean deliveries”), served as an independent variable. Other independent variables that were considered for inclusion were the patient characteristics that, in univariable analysis, had been shown to be significantly different between the groups. The multivariable model was constructed by initially including all these variables and then sequentially removing those (other than the number of prior cesarean deliveries) with the lowest significant χ2 value, until only variables that were statistically significant remained. Odds ratios and 95% confidence intervals were calculated for the risk of adverse outcomes for each additional cesarean delivery, with the risk of a woman with no prior cesarean delivery serving as the referent.

For all statistical tests, nominal two-tailed P values are reported, with statistical significance defined as a P<.05. No adjustment was made for multiple comparisons. The SAS 8.2 software (SAS Institute, Cary, NC) was used for analysis. Approval for the study was obtained at the institutional review board of each participating institution.
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RESULTS

In this registry of 70,442 cesarean deliveries, 900 women (1.3%) had a placenta previa. Twenty-one women had a multiple gestation, five women had an antepartum stillbirth, and six women did not have information regarding their number of prior cesarean deliveries; correspondingly, 868 pregnancies met inclusion criteria and were available for analysis. Among these women, the number of prior cesarean deliveries was as follows: 488 (56.2%) had none, 252 (29.0%) had one, 76 (8.8%) had two, 39 (4.5%) had three, 9 (1.0%) had four, 3 (0.35%) had five, and 1(0.12%) had nine. Given the infrequency of women with more than 3 prior cesarean deliveries, further analysis was performed by condensing results for women with 3 or more prior cesarean deliveries into a single stratum.

Demographic information for the 868 women, stratified by number of prior cesarean deliveries, is presented in Table 1. Women with greater numbers of prior cesarean deliveries were more likely to be older, of greater body mass index, and never to have been delivered vaginally. Also, classical uterine incisions were more common among women with two prior cesarean deliveries.

[image: Table 1]Table 1. Patient Characteristics Stratified by Number of Prior Cesarean Deliveries



Table 2 contains the frequencies of maternal morbidity stratified by number of prior cesarean deliveries. Some outcomes, such as uterine atony, wound infections, thromboembolic events, and maternal deaths were not increasingly likely with greater numbers of cesarean delivery. However, multiple other adverse maternal outcomes occurred progressively more commonly as the number of prior cesarean deliveries increased. Of note, composite maternal morbidity increased to such an extent that women with three or more prior cesarean deliveries and a placenta previa had more than an 80% chance of incurring composite morbidity. Because hysterectomies and transfusions made large contributions to the “composite morbidity” measure, we also assessed the frequency of composite maternal morbidity that did not include these two outcomes. The results were similar, with maternal morbidity increasing with each additional cesarean delivery (1.6% compared with 7.1% compared with 31.6% compared with 38.5%, P<.001, Cochran-Armitage trend test).
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The frequency of perinatal morbidity stratified by number of prior cesarean deliveries is presented in Table 3. There were no cases of hypoxic ischemic encephalopathy.

[image: Table 3]Table 3. Perinatal Outcomes Stratified by Number of Prior Cesarean Deliveries



In all groups, the average gestational age at delivery was lower than that reported in pregnancies in the general population.7 Yet, in contrast to maternal morbidity, neither individual adverse perinatal outcomes nor the composite measure of adverse perinatal outcome were more likely as the number of prior cesarean deliveries increased.

When the data were analyzed only for those women who underwent nonemergent scheduled delivery in the pregnancy with the placenta previa, the associations between the number of prior cesarean deliveries and composite morbidity were similar to the overall cohort. As illustrated in Table 4, composite maternal morbidity significantly increased for each additional cesarean delivery that had been performed, and composite neonatal morbidity did not change with increasing number of prior cesarean deliveries. Results for individual maternal and neonatal morbidities also were similar to those for the overall cohort (data not shown).

[image: Table 4]Table 4. Composite Maternal and Perinatal Morbidity, Stratified by Number of Prior Cesarean Deliveries, Among Women With a Placenta Previa Delivered by Nonemergent Scheduled Cesarean Deliveries



Last, multivariable analysis was performed for the composite pregnancy outcomes. The odds ratios (ORs) and 95% confidence intervals (CIs) are in comparison with those women with no prior cesarean delivery, and are presented in Table 5. Even one prior cesarean delivery was sufficient to increase the risk of an adverse maternal outcome (a composite of transfusion, hysterectomy, operative injury, coagulopathy, venous thromboembolism, pulmonary edema, or death) from 15% to 23%, which corresponded, in multivariable analysis, to an adjusted odds ratio of 1.9 (95% CI 1.2–2.9). Moreover, the risk of composite maternal morbidity continued to increase significantly with each additional cesarean delivery. The only other independent variable that remained in this model was the number of prior vaginal deliveries: having had at least three prior vaginal deliveries also increased the risk of adverse maternal outcome (OR 2.2, 95% (CI) 1.3–3.9). With regard to composite perinatal morbidity, no association with the number of prior cesarean deliveries was revealed by the multivariable analysis. The only variables that were associated with the composite perinatal outcome were maternal age and body mass index at delivery. Both were inversely related to adverse perinatal outcome (OR 0.96, 95% CI 0.94–0.99; OR 0.96, 95% CI 0.93–0.99, respectively). Results were similar when “center” was added to the multivariable model. Of note, the presence of a prior classical incision was not significantly associated with adverse maternal or perinatal outcome.

[image: Table 5]Table 5. Results of Multivariable Analyses of Association of Composite Morbidity With Number of Prior Cesarean Deliveries (Women With no Prior Cesarean Delivery Serve as the Reference Group)
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DISCUSSION

As the frequency of cesarean delivery increases, complications and adverse outcomes related to the history of prior cesarean delivery have become increasingly recognized. The recent study of the association between cesarean delivery and blood transfusion by Rouse et al9 revealed that repeat cesarean deliveries are associated with an increased risk of transfusion in women with placenta previa. The analysis by Silver et al2 further revealed the extent to which a prior cesarean delivery is associated with an increased risk of complications such as blood transfusions requiring at least 4 units, operative injuries, and prolonged maternal hospital stays. Indeed, in that analysis, complications were not just increased by a history of prior cesarean delivery, but were progressively increased by each additional cesarean delivery a woman had received.

The analysis by Silver et al also revealed that each additional cesarean delivery is associated with an increased subsequent risk of incurring a placenta previa. This relationship between cesarean delivery and placenta previa has been previously described by multiple investigators.3–5 However, these other studies have used large administrative databases or have had relatively small sample sizes, and have not been able to ascertain the pregnancy outcomes of the patients with placenta previa. Aside from evidence that each prior cesarean delivery, in the setting of placenta previa, increases the risk of placenta accreta, the relationship between maternal and perinatal outcomes and the number of prior cesarean deliveries in women with a placenta previa remains uncertain.

In this study, we have analyzed only women with a placenta previa and determined the extent to which the number of prior cesarean deliveries is associated with adverse maternal and perinatal outcome. Although some complications, such as uterine atony or wound infection, were not found to have any association with the presence or number of prior cesarean deliveries, a relationship between prior cesarean deliveries and many other major complications was found. As noted by other authors, placenta accreta was progressively more common with each additional cesarean delivery2,3; other outcomes that also showed this significant trend included intraoperative procedures (uterine artery or hypogastric ligation), intraoperative complications (coagulopathy, bladder injury, hysterectomy), and postoperative complications (ileus, pulmonary edema). Moreover, there was no evidence that a certain number of cesarean deliveries were required before the risk of maternal complications began to rise, or that risks did not continue to increase beyond a certain number of cesarean deliveries. Multivariable analysis revealed that even one cesarean significantly increased composite maternal morbidity, which continued to rise with each additional cesarean delivery. Given that, in the analysis, we grouped women with at least three prior cesarean deliveries together, we cannot know if risks would continue to rise for each additional cesarean delivery greater than three.

In contrast to the findings for maternal outcomes, the findings for perinatal outcomes were more reassuring. Although one might theorize that perinatal risk would also increase with additional cesarean deliveries due to an increased risk of earlier and heavier bleeding, there was no evidence in our data that any adverse perinatal outcome was progressively associated with cesarean delivery history. This signifies that among women with a placenta previa, a history of prior cesarean delivery does not seem to worsen perinatal outcome. This does not imply that a prior cesarean delivery will not increase perinatal risks. Although adverse outcomes did not increase with each cesarean delivery, preterm delivery (and the corresponding perinatal morbidity) did increase in this population compared with a population without placenta previa,10 and it has been shown that prior cesarean delivery increases the risk of placenta previa.

Providers and their patients should be aware that even one prior cesarean delivery increases the risk of a complicated obstetric course. Also, these complications become not only more frequent, but in some cases, probable for women with a placenta previa and two or more prior cesarean deliveries. For women with a previa and two prior cesarean deliveries, more than one half will have a significant adverse outcome; for those women with a previa and three or more prior cesarean deliveries, fewer than one in five will be free of serious maternal complications. These data are important for the counseling of women with placenta previa and the preparation of physicians for their surgery.
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Table 5. Results ot Multivariable Analyses of Association of Composite Morbidity With Number of Prior
Cesarean Deliveries (Women With no Prior Cesarean Delivery Serve as the Reference Group)

1 Prior 2 Prior 3 or More Prior
CD (n=252) CD (n=76) CD (n=52)

Composite maternal morbidity 1.9 (1.2-2.9) 9.6 (5.2-17.8) 33.6 (14.6-77.4)
Composite perinatal morbidity 1.2 (0.8-1.7) 1.1 (0.6-2.0) 1.1(0.5-2.4)

CD, cesarean delivery.
Data are odds ratio (95% confidence interval).
* Regression covariates: maternal age, maternal body mass index at delivery, number of prior vaginal deliveries, type of prior uterine scar.
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Table 3. Perinatal Outcomes Stratified by Number of Prior Cesarean Deliveries

No Prior 1 Prior 2 Prior 3 or More Prior
CD (n=488) CD (n=252) CD (n=76) CD (n=52) P*

EGA at delivery (wk) 35+4 35+3 35+3 35+3 .94
Delivery less than 35 wk 36 35 37 42 52
Delivery less than 32 wk 17 15 9 10 .06
Birth weight (g) 2,531£795 2,585+792 2,559+707 2,609+789 .84
Apgar less than 4 at 5 min 2 3 4 2 81
Cord arterial pH less than 7.0 7/230 (3) 3/131 (2) 0/36 (0) 1/26 (4) 73
NICU admission 52 49 51 60 64
RDS 25 26 21 22 .48
Necrotizing enterocolitis 1 2 1 0 .86
IVH grades 3 or 4 2 0.4 3 0 51
Seizures 2 1 3 2 1.0

Mortality 3 2 1 2 .33
Composite perinatal morbidity 26 26 25 25 .76

CD, cesarean delivery; EGA, estimated gestational age; NICU, neonatal intensive care unit; RDS, respiratory distress syndrome; IVH,
intraventricular hemorrhage.

Data are mean *standard deviation, %, or proportion (%).

* Significance values for Cochran-Armitage and Jonckheere-Terpstra tests of trend.
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Table 4. Composite Maternal and Perinatal Morbidity, Stratified by Number of Prior Cesarean
Deliveries, Among Women With a Placenta Previa Delivered by Nonemergent Scheduled
Cesarean Deliveries

No Prior 1 Prior 2 Prior 3 or More Prior
CD (n=207) CD (n=133) CD (n=38) CD (n=21) P*
Composite maternal morbidity 6.3 158 50.0 81.0 <.001
Composite perinatal morbidity 15.5 12.9 15.8 14.3 .79

CD, cesarean delivery.
Data are %.
* Significance values for Cochran-Armitage test of trend,
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Table 1. Patient Characteristics Stratified by Number of Prior Cesarean Deliveries

No Prior 1 Prior 2 Prior 3 or More

Characteristic CD (n=488) CD (n=252) CD (n=76) Prior CD (n=52) P*
Maternal age (y) 30+7 32+6 32+6 32+5 .01
BMI at delivery (kg/m?) 29%5 Bl 31x5 33%7 <.001
Race 0.44

White 43 46 36 40

African American 32 28 28 33

Other 25 26 37 27
Prior vaginal delivery <.001

None 14 56 79 83

One 35 21 9 12

Two 26 12 7 4

Three or more 24 11 5 2
Prior classical uterine incision = 12/202 (6) 12/53 (23) 2/31 (6) <.001

CD, cesarean delivery; BMI, body mass index.
Data are mean *standard deviation, %, or proportion (%).
* Significance values for ¥? or Kruskal-Wallis test.
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Table 2. Maternal Outcomes Stratified by Number of Prior Cesarean Deliveries

No Prior 1 Prior 2 Prior 3 or More

Outcome CD (n=488) CD (n=252) CD (n=76) Prior CD (n=52) P*

Uterine atony 11 13 17 13 27
Placenta accreta 3 11 39 60 <.001
Coagulopathy 1 4 22 25 <.001
Blood transfusion 15 19 54 67 <.001
Units packed red blood cells received, if transfused 2 (1-10) [72] 3 (1-20) [48] 4 (2-19) [41] 4 (1-35) [35] <.001
Uterine artery ligation 3 7 21 29 <.001
Hypogastric artery ligation 0.2 0.4 3 8 <.001
Cystotomy 0 1 12 19 <.001
Ureteral injury 0 0.8 0 2 .06
Bowel injury 0 0 1 0 15
Hysterectomy 4 10 45 67 <.001
Wound infection 1 2 4 2 .08
lleus 0.4 1 5 10 <.001
DVT or PE 0.2 0.8 0 2 24
Pulmonary edema 0.4 2 3 8 <.001
Postpartum mechanical ventilation 0.2 2 5 13 <.001
ICU admission 1 4 12 25 <.001
Maternal death 0.2 0 1 0 67
Composite maternal morbidity 15 23 59 83 <.001

CD, cesarean delivery; DVT, deep vein thrombosis; PE, pulmonary embolus; ICU, intensive care unit.

Data are % or median (range) [n].
* Significance values for Cochran-Armitage and Jonckheere-Terpstra tests:of trend.





