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Abstract page 32 

Abstract 33 

Objective: To assess the incidence and risk factors for severe postpartum hemorrhage (PPH) in 34 

women with an anterior-low-lying or previa placenta, prior cesarean, and no prenatal suspicion 35 

of placenta accreta spectrum (PAS). 36 

Design: Population-based study in 176 maternity units in France. 37 

Population: All women with anterior-low-lying (0-19 mm from the cervical internal os) or previa 38 

placenta, diagnosed prospectively before birth,  prior caesarean and no prenatal suspicion of 39 

PAS.  40 

Methods: Multivariable logistic regression to identify risk factors for severe PPH in the main 41 

population and after exclusion of women with PAS diagnosed only at birth.  42 

Main Outcome Measures: Severe PPH defined by a composite criterion either estimated blood 43 

loss of 1500 ml or more, transfusion of 4 or more units of packed red blood cells, embolization, 44 

or surgical treatment.  45 

Results: Of the 520,114 women comprising the source population, 230 (0.44 per 1000 women; 46 

95%CI, 0.38-0.50) met the inclusion criteria. Severe PPH rate was 24.8% (95%CI, 19.2-30.4) 47 

overall, 27.5% (95%CI, 21.8-33.3) in women with placenta previa and 15.4% (95%CI, 10.7-20.0) 48 

in women with low-lying placenta. PAS was diagnosed at birth in 22 women (9.9%; 95%CI, 5.8-49 

13.4), although previously unsuspected. After their exclusion, severe PPH incidence was 17.3% 50 
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(95%CI, 12.4-22.2). In multivariate analysis, the only factor associated with a higher severe PPH 51 

risk was placenta previa (aOR, 3.65; 95%CI, 1.20-15.8). 52 

Conclusion: Severe PPH is frequent among women with anterior-low-lying or previa placenta 53 

and prior caesarean, even after exclusion of women with PAS. The risk of severe PPH almost 54 

doubles when the placenta is previa versus low-lying.  55 

 56 

Funding: French Health Ministry and the Angers University Hospital (grant number: AOR12156).  57 

Keywords: obstetric haemorrhage, placental pathology, delivery: caesarean section.   58 
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Main Text 59 

Introduction 60 

As the rates of cesarean delivery have risen over the past three decades, reaching and even 61 

surpassing 30% in many high-resource countries, parturients with a prior cesarean delivery 62 

have become common (1–3). A prior cesarean is associated with a higher incidence of 63 

abnormally located placentas — either previa or anterior-low-lying (4). These two combined 64 

conditions (an anterior-low-lying or previa placenta and prior caesarean) are associated with a 65 

high prevalence of placenta accreta spectrum (PAS), which is considered the principal risk in 66 

these women, given the major maternal morbidity and even death associated with it (5–7).  67 

For this reason, it is recommended that women with this combination of risk factors undergo 68 

appropriate diagnostic investigations to detect PAS; if it is suspected, these women should be 69 

referred to expert centers, which have the appropriate technical support and human resources 70 

for these potentially challenging cases of severe PPH. This specialized care is associated with 71 

reduced maternal morbidity (8,9).  72 

However, the risk of maternal morbidity in these women when PAS is not suspected has not 73 

been adequately assessed, and the appropriate place of delivery and resources (including 74 

Intensive care unit or blood bank on site) is not clear. North American and European guidelines 75 

are heterogeneous and cover the subject only partially, due to the lack of data for this specific 76 

population (8–13).  77 

Some studies have reported rates of severe PPH in women with an anterior-low-lying or previa 78 

placenta (14–18) and others in women with this placental location and a prior cesarean (19–23). 79 
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These studies, however, have included women with PAS diagnosed before birth, a context with 80 

a well-known high risk of hemorrhagic complications (15,17,19–21). Its referral center-based 81 

design makes the external validity of its results questionable, as the women managed in such 82 

centers may not be representative of the entire population.  83 

Our objective was to apply a population-based approach to identify women with previa or 84 

anterior-low-lying placental location and prior cesareans without prenatally suspected PAS and 85 

to assess the incidence and risk factors for severe PPH among them.  86 
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Methods 87 

Design: Population-based cohort study. 88 

Source population: the PACCRETA study 89 

The PACCRETA study took place in 176 French maternity hospitals in 12 regions over a two-year 90 

period, between November 1, 2013, and October 31, 2015. It provided a source population of 91 

520,114 deliveries, 30% of the national total over this period (24).   92 

Recruitment and data collection started only after women had received information about the 93 

study and agreed to participate. The appropriate ethics committees (Consultative Committee 94 

on the Treatment of Data on Personal Health for Research Purposes - reference n° AOR12156, 95 

and the Committee for the Protection of People Participating in Biomedical Research - 96 

reference CPP 13-017) and the National Data Protection Authority (CNIL n° DR-2013-427) 97 

approved this study. The PACCRETA study protocol has previously been described (24). Briefly, 98 

this study included all women with an anterior-low-lying (defined as a placenta from 0-19 mm 99 

from the cervical internal os) or previa placenta (defined as covering the cervix) at their last 100 

ultrasound scan and a prior cesarean.  101 

First-, second-, and third-trimester obstetric ultrasound examinations are free of charge and 102 

part of routine care in France. Therefore, nearly all PACCRETA participants had all three scans. 103 

Sonographers routinely describe placental location during these scans. Only women whose 104 

placenta remained anterior-low-lying or previa at the last ultrasound before birth were so 105 

categorized and eligible for inclusion.  106 
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All women meeting the inclusion criteria of the PACCRETA study were identified prospectively 107 

during pregnancy and flagged by local coordinators at each participating center. They were 108 

included in the immediate postpartum period (i.e., live birth or stillbirth after 22 weeks of 109 

gestation). 110 

Eligible population and inclusion criteria in this study 111 

For the main analysis (study population 1), we included women with an anterior-low-lying or 112 

previa placenta, as defined above, and a prior caesarean, with no prenatal suspicion of PAS, 113 

defined by the signs of PAS on ultrasound or MRI examination, according to the clinical team 114 

responsible for her care (24,25). Women with a posterior low-lying placenta were excluded 115 

because there is no physiological rationale for an exclusively posterior placenta not located on 116 

the cesarean scar to affect maternal morbidity more than in the absence of such a scar (27). 117 

The previa group included all women with placenta previa — anterior or posterior.  118 

A secondary analysis was conducted after exclusion of women with PAS diagnosed at birth but 119 

not suspected before (study population 2).  120 

 121 

Primary outcome of this study 122 

The primary outcome of this study was severe PPH, defined by a composite criterion: PPH with 123 

estimated blood loss of 1500 ml or more and/or requiring transfusion of 4 or more units of 124 

packed red blood cells and/or embolization and/or uterine-sparing surgical treatment and/or 125 

hysterectomy (28). Uterine-sparing surgical treatment was defined as uterine compression 126 

sutures, or surgical ligation of uterine or other pelvic arteries (29). 127 
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Variables collected 128 

Clinical research midwives, consulting the delivery logbook and computerized databases at each 129 

center, verified the exhaustiveness of case identification. They also prospectively collected 130 

information for each woman included by manual review of the medical files. This information 131 

included: 1) maternal characteristics and medical history, including age, body mass index, 132 

parity, prior uterine surgery (curettage, or surgery by hysteroscopy, i.e., synechia removal or 133 

myomectomy), and number of previous cesarean deliveries; 2) characteristics of the current 134 

pregnancy, including placental location at the last ultrasound (previa or low-lying); 3) 135 

characteristics of delivery, including gestational age at delivery, type of labor onset, and mode 136 

of delivery; 4) maternal outcomes, including volume of postpartum blood loss, embolization, 137 

uterine-sparing surgical treatment, hysterectomy, surgical complications, blood product 138 

transfusion, and maternal transfer to ICU; 5) presence of PAS and whether it was diagnosed 139 

before birth or not.  140 

PAS was defined by the presence of at least one of the following clinical or histologic criteria, as 141 

stated in the PACCRETA study protocol (24): 1) manual removal of the placenta partially or 142 

totally impossible and no cleavage plane between part or all of the placenta and the uterus; 2) 143 

massive bleeding from the implantation site after forced placental removal in the absence of 144 

another cause of PPH; 3) histological confirmation of PAS on a hysterectomy specimen; 4) signs 145 

of PAS at laparotomy in women with suspected PAS on prenatal imaging. 146 

 147 

Statistical analysis  148 
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The population-based incidence of severe PPH in women with an anterior-low-lying or previa 149 

placenta and prior caesarean with no suspicion of PAS before birth was calculated with its 95% 150 

confidence interval (95% CI). We compared the characteristics of women with and without 151 

severe PPH. Categorical variables were compared with Pearson's Chi2 test or Fisher's exact test, 152 

and continuous variables with Student’s t-test or Wilcoxon's rank-sum test, as appropriate.  153 

Risk factors for severe PPH were identified through univariate then multivariate logistic 154 

regression. Analysis was conducted in the study population 1 and in the study population 2. 155 

Variables included in the multivariate model were selected based on the results of the 156 

univariate analysis and the literature. The proportion of women with missing data ranged from 157 

0% to 8,2% and 216 (93.9%) women had no missing data for any covariate included in the 158 

multivariate model. Missing data were considered missing at random. We imputed missing data 159 

by chained equations and computed 30 imputation datasets(30).  160 

We used Stata/SE 15.0 (StataCorp LP, College Station, TX) to analyze the data.  161 
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Results 162 

Of the 520,114 women who gave birth, 230 (0.44 per 1000 women; 95% CI, 0.38–0.50) had 163 

both an anterior-low-lying or previa placenta and prior caesarean but no prenatal suspicion of 164 

PAS (Figure 1).  165 

The incidence of severe PPH in the main population (study population 1) was 24.8% (57/230) 166 

(95% CI, 19.2-30.4) (Table 1) and 50 women (21.7%) required red blood cell transfusion (Table 167 

2). The severe PPH rate was 27.5% (49/178) (95% CI, 21.8-33.3) in women with placenta previa 168 

and 15.4% (8/52) (95% CI, 10.7-20.0) in women with low-lying placenta.  169 

PAS was diagnosed at birth although previously unsuspected in 22 women (9.9% 95% CI 5.8-170 

13.4) of whom 21 had a severe PPH (Table 1). Investigations and  outcomes in these 22 women 171 

are described in Table S1.  172 

After exclusion of women with PAS diagnosed at birth while not suspected before (study 173 

population 2), the incidence of severe PPH was 17.3% (36/208) (95% CI, 12.4-22.2) and 33 174 

women (15.9%) required red blood cell transfusion (Table 2). 175 

In the multivariate analysis, in the main population (study population 1), factors associated with 176 

a higher risk of severe PPH were PAS diagnosed at birth but unsuspected before (aOR: 99.0; 177 

95% CI, 18.6-1856) and placenta previa compared with low-lying placenta (aOR: 3.18; 95% CI 178 

1.13-11.7)(Table 3). In the study population 2, the only factor associated with a higher risk of 179 

severe PPH was placenta previa compared with a low-lying placenta (aOR: 3.65 95% CI 1.20-180 

15.8) (Table 3).  181 
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Discussion 182 

Main findings 183 

The rate of severe PPH was 24.8% among the women with a placenta previa or anterior-low-184 

lying, a previous cesarean, and without prenatally suspected PAS. Ten percent of these women 185 

nonetheless had PAS diagnosed at birth; after their exclusion, the incidence of severe PPH 186 

remained high (17.3%). The only independent risk factor for severe PPH was placenta previa, 187 

compared with a low-lying placenta. 188 

Strengths and limitations 189 

One strength of our study is its clinically relevant population — women with an anterior-low-190 

lying or previa placenta and prior cesarean without prenatally suspected PAS. Although women 191 

with prenatally suspected PAS are best managed in specialized centers with multidisciplinary 192 

teams (8, 9), until now much less was known about the hemorrhage risk of women with the 193 

specific profile studied here and the maternal care resources they need (31,32). Another 194 

strength is its large-size and population-based design, which allows reliable estimates of the 195 

prevalence and risk factors for severe PPH in these women. Recruitment, case mix, PAS 196 

detection rates, and maternal morbidity may be very different from those of the general 197 

population in (single-center or multicenter) studies including tertiary or specialized centers; 198 

they would not provide “real world” rates (33,34). Moreover, unlike others (21), we had data 199 

about the precise location of the placenta and the distance between the placental edge and the 200 

cervical internal os. We were thus able to evaluate the risk of severe PPH according to the 201 

placental position in relation to the uterine cervical os. 202 
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A potential weakness, however, is that we may have missed some women with a low-lying 203 

placenta, especially when they were asymptomatic. However, because all pregnant women in 204 

France have a third-trimester ultrasound scan at 32/34 weeks of gestation, at which placenta 205 

location can be routinely checked, we believe that the rate of undetected women is low. 206 

Interpretation   207 

The originality of our study is its report of the prevalence of severe PPH in women with a prior 208 

cesarean and an anterior-low-lying or previa placenta, after excluding those with PAS suspected 209 

before birth. This situation is not rare in clinical practice, and these results may help physicians 210 

to inform their patients of the risk of severe PPH according to the prenatal risk factors and to 211 

plan delivery in hospitals with adequate resources. While it is now clear that women with 212 

prenatally suspected PAS are best managed in specialized centers with multidisciplinary teams 213 

(8,9), much less is known about the risk of hemorrhage in the subgroup of women who were 214 

the specific focus of our analysis and therefore about the resources they require in childbirth 215 

(31,32).  216 

The rate of severe PPH was very high in our study — 24.8%. One other large multicenter study 217 

focused specifically on women with placenta previa who underwent primary caesarean; it 218 

excluded all PAS diagnosed at birth, regardless of whether or not it had been suspected earlier 219 

(23). The rate of severe PPH (defined as mortality, blood product transfusion, atony requiring 220 

uterotonics, uterine or hypogastric artery ligation, hysterectomy, coagulopathy, and/or 221 

exploratory laparotomy) was 20.5% in the placenta previa group, which is close to the 16% 222 

severe PPH rate reported in our secondary analysis excluding all PAS. However, this study did 223 
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not investigate the clinically relevant context of women with no prenatally suspected PAS and 224 

with prior caesarean and the risk of severe PPH according to the subtype of anterior-low-lying 225 

versus previa placenta.  226 

Our prospective population-based study allowed us to investigate the risk factors for severe 227 

PPH in women with an anterior-low-lying or previa placenta and prior caesarean without PAS 228 

suspected before birth. Several studies, mainly single-center and retrospective, or multicenter 229 

and registry-based, have analyzed the risk factors for PPH in women with placenta previa or 230 

low-lying placenta (16,23,35–40). Few had data about PAS and a previous cesarean 231 

(16,17,36,39). None evaluated the risk factors for severe PPH in women without prenatally 232 

suspected PAS, although that is precisely the relevant clinical question necessary to stratify the 233 

level of risk of severe PPH and adapt maternal care to it.  234 

As expected, unsuspected PAS was a major risk factor. This finding underlines the need to 235 

improve radiologic tools to characterize PAS before birth (33,34). However, as it is likely that 236 

the proportion of women with PAS screened antenatally will never reach 100%, our results 237 

contribute to the debate about whether these women should deliver in a center equipped to 238 

deal with PAS discovered at the time of delivery. 239 

Our study showed that the previa location of the placenta was associated with a doubled risk of 240 

severe PPH compared with low-lying placenta. Other center-based studies have estimated the 241 

risk of severe PPH according to placental location without a specific focus on women with a 242 

previous cesarean (16,36). They showed higher risks of severe PPH in cases of anterior 243 

compared with posterior locations but did not investigate this risk according to the distance of 244 

the placenta from the cervical internal os.  In our study, although some posterior previa 245 
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placentas may not cover the cesarean scar, we did not differentiate posterior or anterior previa 246 

placenta because caesarean scar is mostly found in the cervix or very close to the internal os 247 

(41). 248 

 249 

Our study suggests that all women with an anterior-low-lying or previa placenta and prior 250 

cesarean with PAS not prenatally suspected should give birth in hospitals with resources 251 

appropriate to manage severe PPH and unexpected PAS. The precise knowledge of the 252 

placental location may improve the physician’s assessment of the risk of severe bleeding. US 253 

guidelines recommend birth in a specialized care (level III for Maternal Care) unit for women  at 254 

high risk of postpartum hemorrhage (including all women with placenta previa), and UK 255 

guidelines suggest birth in a hospital with a blood bank for all women with placenta previa, 256 

whereas in Canada and France the place of delivery is left to the obstetrician's decision (10–257 

12,42). However, none of these recommendations mention women with a low-lying placenta. 258 

Our findings provide further evidence of the need to update those guidelines, which could 259 

usefully also include women with anterior low-lying placentas. 260 

 261 

Conclusion  262 

We showed that even when PAS is not suspected before birth, women with an anterior-low-263 

lying or previa placenta and prior cesarean have a high risk of severe PPH, especially when the 264 

placenta is previa compared with low-lying. These deliveries should be performed in settings 265 

with the appropriate resources.   266 
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Tables and figure legends: 267 

Figure 1: Flow chart of the study population 268 

Table 1: Characteristics of women and severe postpartum hemorrhage rates according to these 269 

characteristics, overall (study population 1) and after exclusion of women with PAS diagnosed 270 

only at birth (study population 2). 271 

PPH: postpartum hemorrhage; PAS: placenta accreta spectrum; IQR: interquartile range; BMI: 272 

body mass index; IVF: in vitro fertilization; PPROM: preterm premature rupture of membrane; 273 

CD: cesarean delivery; PAS: placenta accreta spectrum 274 

a: severe PPH: defined by a composite criterion of one or more of the following: PPH with 275 

estimated blood loss of 1500 ml or more and/or requiring transfusion of 4 or more units of 276 

packed red blood cells and/or embolization and/or uterine-sparing surgical treatment and/or 277 

hysterectomy. 278 

b: For study population 1 and 2, the first column presents the characteristics of the population, 279 

i.e. the column % of each sub-group within the total population (N=230 for study population 1, 280 

N=208 for study population 2). In the second column we present the rate of severe PPH within 281 

each subgroup; row % with the number of women in each subgroup as denominator. 282 

c: include prior curettage and other uterine surgery by hysteroscopy (synechia removal, 283 

myomectomy); prior cesarean excluded. 284 

d: one woman with a PAS diagnosed at birth with no suspicion of PAS had a PPH but not 285 

meeting the criteria for severe PPH (blood loss between 500 and 1000 ml). During the cesarean, 286 
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a part of the placenta could not be removed leading to the diagnosis of PAS; she received 287 

conservative treatment. 288 

*: .10<P<.05; for the test of the difference in PPH rates between categories of the variable 289 

**: P<.05; for the test of the difference in PPH rates between categories of the variable 290 

Table 2: Maternal outcomes overall (study population 1) and after exclusion of women with 291 

PAS diagnosed only at birth (study population 2) 292 

PPH: postpartum hemorrhage; ICU: intensive care unit; FFP: fresh frozen plasma. 293 

a: severe PPH: defined by a composite criterion of one or more of the following: PPH with 294 

estimated blood loss of 1500 ml or more and/or requiring transfusion of 4 or more units of 295 

packed red blood cells and/or embolization and/or uterine-sparing surgical treatment and/or 296 

hysterectomy. 297 

b: Uterine-sparing surgical treatment was defined by uterine compression sutures, or surgical 298 

ligation of uterine or other pelvic arteries 299 

Table 3: Risk factors for severe postpartum hemorrhage in the study population 1 (overall) and 300 

after exclusion of women with PAS diagnosed at birth (study population 2): univariate and 301 

multivariate analysis. 302 

PAS: placenta accreta spectrum; BMI: body mass index; OR: odds ratio; aOR: adjusted odds 303 

ratio 304 

a: multivariate logistic regression model with multiple imputation including variables listed in 305 

the column 306 
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b: include prior curettage and other uterine surgery by hysteroscopy (synechia removal, 307 

myomectomy); prior cesarean excluded 308 

 309 

Table S1: Investigations and maternal outcomes in women with PAS diagnosed at birth and not 310 

prenatally suspected 311 

PPH: postpartum hemorrhage; ICU: intensive care unit; FFP: fresh frozen plasma 312 

a: severe PPH: defined by a composite criterion of one or more of the following: PPH with 313 

estimated blood loss of 1500 ml or more and/or requiring transfusion of 4 or more units of red 314 

blood cells and/or embolization and/or uterine-sparing surgical treatment and/or 315 

hysterectomy. 316 

b: one woman with a PAS diagnosed at birth but not prenatally suspected had a PPH that did 317 

not meet the criteria for severe PPH (blood loss between 500 and 1000 ml). During the 318 

cesarean, a part of placenta could not be removed, leading to the diagnosis of PAS. She 319 

received conservative treatment. 320 

c: Uterine-sparing surgical treatment was defined as uterine compression sutures, or surgical 321 

ligation of uterine or other pelvic arteries  322 
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