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ABSTRACT  
 

Objective To assess whether preoperative ultrasound imaging and intraoperative 

features predict surgical outcomes in patients at high-risk for placenta accreta 

spectrum (PAS). 

Design Cohort study. 

Setting Cairo University Maternity, Egypt. 

Population or sample Pregnant patients with one or more prior cesarean delivery 

presenting with a low-lying/placenta previa with or without PAS confirmed by 

histopathology. 

Methods Logistic regression and multivariable analyses. 

Main outcomes measures Need for primary cesarean hysterectomy, numbers of 

red blood cell (RBC) units transfused and patients requiring transfusion of > 5 units. 

Results Ninety consecutive records were reviewed including 58 (64.4%) PAS cases. 

Sixty (66.7%, 95%CI 56-76%) required hysterectomy. Odds of hysterectomy were 

significantly (P=.005) increased with complete previa. Significantly higher odds of 

hysterectomy were associated with subplacental hypervascularity (7.23, 95% CI 

2.72;19.2, P<.001), lacunar scores 2+ and 3+ (12.6, 95% CI 4.15;38.5) P<.001), 

lacunar feeder vessels (5.69, 95% CI 1.77;18.3, P=.004) or bridging vessels (2.00, 

95% CI 1.29;3.10, P=.002) on ultrasound, and increased lower segment 

vascularization at laparotomy (5.42, 95% CI 2.09;14.1, P=.001). Transfusion > 5 

RBC units was associated with number of lacunae (OR 1.48, 95% CI 1.14;1.93, 
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P=.004) and presence of feeder vessels (OR 1.62, 95% CI 1.24;2.11, P=.001). The 

multivariable analysis indicated that parity, placental location and PAS were 

significantly (P=.007; P=.01; P<.001, respectively) associated with hysterectomy.  

Conclusions Preoperative ultrasound imaging can assist in triaging and counselling 

patients regarding the odds of PAS, intraoperative blood losses and need for 

hysterectomy whereas intraoperative features can assist the surgeon in evaluating 

the need for multidisciplinary support. 

  

Keywords Placenta accreta spectrum, increta, percreta, ultrasound, uterine 

dehiscence. 

 

Tweetable abstract Ultrasound findings and/or intraoperative gross features in 

cases at high-risk of PAS can identify patients requiring cesarean hysterectomy and 

multidisciplinary support at delivery.  
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Introduction 

Placenta accreta spectrum (PAS) is an anomaly of placentation characterized by 

various degrees of abnormal attachment of the placental villous tissue to the uterine 

wall.1 A cesarean scar increases both the risks of placenta previa and accreta2 and 

over 90% of cases of PAS are now found in women presenting with a low-lying or 

placenta previa and a history of prior cesarean delivery (CD).3,4 After multiple lower-

segment CDs, the anterior uterine wall becomes thinner and largely consists of 

fibrotic scar tissue5,6  Deep cesarean scar defect (CSD) or niches have been 

reported after CD in 56 to 84% of cases.7 There is increasing evidence that 

implantation and development of a gestational sac inside a scarred lower segment 

can lead to PAS.8,9 In large defects, the normal uterine anatomical layers are 

permanently lost, including the junctional zone allowing the migrating extravillous 

trophoblast to reach the deep uterine arterial circulation.1 As pregnancy advances, 

abnormally high velocity blood flow enters the placenta,1,6. leading to thick fibrinoid 

deposition at the utero-placental interface10, preventing the physiological detachment 

of the placenta at delivery1. Attempts to manually remove accreta villous tissue at 

delivery typically provoke rapid massive obstetric haemorrhage.12,13 

Patients with PAS diagnosed prenatally and managed by a multidisciplinary 

team (MDT) are less likely to require large-volume blood transfusion and re-

operation within 7 days of delivery for bleeding complications compared with patients 

managed by standard obstetric care,14 even in cases of unexpected PAS.15 Prenatal 

diagnosis decreases the risk of complications at delivery16 and diagnostic accuracy 

of ultrasound imaging by experts has been reported to be around 90%.17 However, 

large national population studies have shown that PAS remains undetected before 
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delivery in half18,19 to two-thirds of the cases.20 Up to 46% of patients with placenta 

previa accreta may deliver urgently and face increased risk compared to those who 

deliver in a scheduled manner, even in experienced centers.21   

Avoiding transection of the placenta during hysterotomy, leaving the placenta 

in situ after fetal delivery, and repairing the hysterotomy in a manner that secures the 

amnion to the myometrium to permit delayed or secondary hysterectomy have been 

proposed for the management of complex cases of PAS.22 The objective of this 

study was to evaluate the role of preoperative ultrasound imaging and/or the finding 

of gross features at laparotomy suggesting PAS in predicting the likelihood of 

primary hysterectomy and need for intraoperative blood transfusion aiming to 

improve management and outcome. 

 

Methods 

Population and sample 

This was an analysis of prospectively collected data from 90 consecutive pregnant 

patients at high-risk of PAS recorded in an electronic database who were referred for 

management by an expert specialist MDT at the Department of Obstetrics and 

Gynecology, University of Cairo over an 20-month period up to 1st of September 

2021. All patients had singleton pregnancies between 32-37 weeks, history of one or 

more prior CD and were diagnosed prenatally with an anterior, low-lying placenta or 

previa. Patients with multiple gestations or who required unscheduled or emergent 

delivery were excluded from the study group. This study is part of an ongoing 

prospective cohort study on the diagnosis and management of PAS (Research 
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Registry study No 6541; www.researchregistry.com). Institutional Scientific and 

Research Ethical Committee approval (RSEC 021001) was obtained prior to the start 

of this study and all patients were consented for the use of the photographic images 

obtained before and after delivery. Basic clinical data were collected using a 

standard clinical audit protocol and all data and images were fully anonymised for 

further analysis.  

Transabdominal and transvaginal sonographic examinations of the placenta, 

uterus and pelvis were performed (GE Voluson E10, GE Medical System, Zipf, 

Austria) in all cases, within 48 hours before planned surgical delivery using 

standardised protocols for placental location22 and the ultrasound signs for the 

screening and diagnosis of PAS24 i.e. loss of clear zone, myometrial thinning, 

placental lacunae; bladder wall interruption and placental bulge on grey scale 

imaging; and subplacental hypervascularity; lacunae feeder vessels and bridging 

vessels on colour Doppler imaging. Myometrial thinning was recorded when the 

myometrial thickness was < 1 mm and the minimal myometrial thickness was 

measured transabdominally at the level of the upper, middle and transvaginally at 

lower edges of the bladder-uterine wall junction. Additionally, we used the Finberg 

and Williams lacunar scoring system (0= none; 1+= 1-3; 2+= 4-6; 3+=>6).25  

 All patients were managed surgically according to local protocol.26 A primary 

hysterectomy was performed when intraoperative macroscopic features indicated an 

extensive area of placental involvement, a large or extended area of dehiscence of 

the lower segment without sufficient myometrial tissue above the cervix to permit 

reconstruction, or in cases of uncontrolled bleeding from the placental bed. In cases 
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of focal PAS with limited lower segment dehiscence, a focal myometrial resection of 

the affected area with subsequent repair was attempted.  

Intraoperative gross pelvic features at laparotomy and macroscopic findings of 

hysterectomy specimens were photographed using a digital camera (Figure 1), as 

previously described.27 Intraoperative findings included dehiscence (focal if involving 

< 30% of the lower segment surface, large if involving 30-50% of the lower segment  

and extensive if involving >50 %), increased vascularity (dense tangled bed of 

vessels and multiple vessels running cranio-caudally and laterally in the anterior 

uterine serosa over the placental bed or in the parametria) and placental bulge. 

Hysterectomy and partial myometrial resection specimens were examined in the 

operating theatre by the surgical team, areas of the placental bed that could not be 

digitally separated from the uterine wall were sampled, and processed for 

histopathologic examination.27 Histologic grading was performed using the Society 

for Pediatric Pathology Task Force guidelines for the pathology diagnosis of PAS.28 

Hysterectomy specimens from non-PAS cases i.e. complete placental delivery 

during the surgical procedure were examined using a routine gynaecology 

histopathology protocol.  

Anonymized ultrasound and gross intraoperative photographic images were 

reviewed retrospectively and independently by PAS experts (AB for ultrasound 

images and KF for intraoperative features). Both were blinded to clinical histories, 

surgical outcomes and histopathologic diagnoses. The expert reviewing the 

ultrasound images was asked to identify the (standardised) signs of PAS24 and to 

differentiate between PAS and non-PAS cases whereas the expert examining the 

gross intraoperative photos was asked to identify the cases using the International 
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Federation of Gynecology and Obstetrics classification (FIGO)29 and the need to 

involve an MDT in the surgical management. 

Exposures and outcomes 

The primary exposure is the surgical management and its complications at delivery. 

Primary outcomes are the number of patients managed by primary cesarean 

hysterectomy or conservative management including focal myometrial resection and 

repair. Secondary outcomes are the median number of packed red blood cells 

(PRBC) units transfused and the number of patients requiring transfusion of > 5 

PRBC units. 

Analyses 

Stata/IC version 15.0 (StataCorp LLC, TX, USA) was used for analysis. Standard 

Kurtosis analysis indicated non-normal distribution and therefore data are presented 

as median and interquartile range (IQR). Continuous variables between PAS (n= 58) 

and non-PAS (n=32) subgroups were compared using the Wilcoxon rank test at the 

95% confidence interval (CI) whereas categorical variables were compared using the 

Chi-square test. A logistic regression and multivariable analyses were performed to 

elucidate associations between the patient, ultrasound and intraoperative factors with 

outcomes. The size of associations between each factor and hysterectomy or packed 

red blood cell transfusion are expressed as odds ratios (OR) and presented with the 

corresponding 95% CI. A P value <.05 was considered significant.  

 

Results 

Of the 90 included patients, seven (7.8%) had a history of one prior cesarean 
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delivery, 32 (35.6%) had had two prior cesarean deliveries and 51 (56.6%) had had 

>3 prior cesarean deliveries. Transvaginal ultrasound confirmed ten (11.1%) low-

lying placentae, 15 (16.7%) marginal placenta previas and 65 (72.2%) partial or 

complete placenta previas. The median maternal age at the time of delivery was 32 

(IQR 28;35) years and median parity was 3.0 (IQR 2.4;4.0). Abnormal villous 

attachment to the uterine wall on histology was found in 58 (64.4%) cases (PAS 

subgroup). There was no evidence of villous tissue entering the uterine serosa or 

beyond the uterine wall in any of the cases. There were 32 (35.6%) cases with no 

evidence accreta placental tissue on histopathologic examination (non-PAS 

subgroup). 

Comparison of demographic and outcomes in PAS and non-PAS 

Table 1 compares the maternal demographic characteristics, ultrasound signs, 

intraoperative findings and main outcomes according to the final histopathologic 

diagnosis. The median maternal age, gravidity, parity and number of prior cesarean 

deliveries were significantly (P=.032; P=.001; P<.001; P=.005, respectively) higher in 

the PAS than in the non-PAS subgroup. There was no difference between the 

subgroups for median gestational age at delivery and median birthweight. The 

distribution of placental location and median cervical length was similar on 

transvaginal ultrasound. All cases in both subgroups presented with a loss of clear 

zone. Myometrial thinning was found in at least one area of the anterior lower 

segment in all cases. No patients had a myometrial thickness <1 mm at all three 

levels and the distribution of myometrial thinning was similar in both subgroups. The 

incidence of placental bulge was significantly (P=.006) higher in the PAS than in the 

non-PAS subgroup. The incidence of ultrasound signs associated with vascular 
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changes of the utero-placental interface i.e. subplacental hypervascularity; lacunae 

score 2+ and 3+, lacunae feeder vessels and bridging vessels was significantly 

higher in the PAS compared to the non-PAS subgroup (P<.001; P<.001; P<.001; 

P=.005, respectively).  

Sixty (66.7%, 95%CI 56-76%) patients were managed by primary cesarean 

hysterectomy and 30 (33.3%) were managed conservatively, including seven by 

partial myometrial resection and uterine reconstruction in the PAS subgroup (Table 

1). The distribution of surgical outcomes was significantly (P<.001) different, with 51 

(87.9%) cases in the PAS subgroup requiring a primary hysterectomy compared to 

nine (28.1%) in the non-PAS subgroup. In the non-PAS subgroup, patients required 

hysterectomy when there was insufficient supracervical myometrial tissue to 

reconstruct the anterior lower segment after delivery of the placenta and removal of 

scar tissue, or due to excessive bleeding during repair of the lower segment. Some 

degree of uterine lower segment anterior wall dehiscence was found at laparotomy in 

all patients, with 69 (76.6%) presenting with a large (n= 30; 33.3%) or extended 

(n=39; 43.3%) areas of dehiscence. The corresponding distribution was significantly 

(P=.033) different between the subgroups with 47 (81.0%) and 22 (68.8%) 

presenting with a large or extended dehiscence in the PAS and non-PAS subgroup, 

respectively. There were 59 (65.6%) patients with increased vascularization of the 

lower segment at laparotomy with a significantly (P<.001) higher incidence in the 

PAS than in the non-PAS subgroup.  

The subgroups did not differ significantly in the median number of red blood 

cells units transfused nor the number of patients requiring > 5 units of packed red 

blood cells during the surgery, despite a significantly higher estimated blood loss in 
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PAS compared to non-PAS subgroup(P=.032). Median preoperative and post-

operative hemoglobin levels did not differ. One patient in the PAS subgroup required 

a second laparotomy due to persistent postoperative intraabdominal bleeding. 

Eleven (12.2%) patients were diagnosed intraoperatively with bladder injury (Table 

1). 

Impact of preoperative ultrasound findings and intraoperative features on 

surgical outcomes 

Table 2 shows the results of the univariate analysis of factors associated with 

cesarean hysterectomy. A significantly higher risk of cesarean hysterectomy was 

found for maternal gravidity (P<.001), parity (P<.001), and number of prior cesarean 

deliveries (P=.001). Over 90% of women with a gravidity of > 5 or higher had a 

hysterectomy compared to only 29% of those with a gravidity of 3 or less (Table 2). 

Odds of hysterectomy were > 20 times higher for those with the highest parity (OR 

20.8 95% CI 4.17;104) compared to the lowest group. Odds of hysterectomy were 

significantly (P=.005) increased for women presenting with a complete placenta 

previa than for those with a low-lying or marginal previa. Significantly higher odds of 

hysterectomy were found with the presence of subplacental hypervascularity (7.23, 

95% CI 2.72;19.2, P<.001), lacunar scores 2+ and 3+ (12.6, 95% CI 4.15;38.5) 

P<.001), lacunar feeder vessels (5.69, 95% CI 1.77;18.3, P=.004) and bridging 

vessels (2.00, 95% CI 1.29;3.10, P=.002) on ultrasound.  Increased vascularization 

of the lower segment at laparotomy (5.42, 95% CI 2.09;14.1, P=.001) was also 

significant. The univariate analysis indicated a significant association with the 

number of lacunae (OR 1.48, 95% CI 1.14;1.93, P=.004) and presence of feeder 

vessels (OR 1.62, 95% CI 1.24;2.11, P=.001) with the need to transfuse > 5 units of 



12	

	

red blood cells. The multivariable analysis (Table 3) indicated that parity, placental 

location and PAS were significantly (P=.007; P=.01; P<.001, respectively) associated 

with cesarean hysterectomy. After adjusting for these three factors, there was no 

additional effects of gravidity, number of prior CDs, subplacental hypervascularity, 

lacunae, feeder vessels, bridging vessels and increased vascularisation, all of which 

were found to be significant in the univariable analyses. 

Expert review of preoperative ultrasound findings and intraoperative features 

The review of the ultrasound images led to a correct diagnosis of PAS in 41 (70.7%) 

of the 58 cases confirmed by histopathology. In two cases confirmed as PAS, the 

intraoperative images were judged insufficient for an accurate evaluation and they 

were excluded from this analysis. The review of the intraoperative images correctly 

identified 50 (89.3%) of 56 histopathology confirmed PAS cases and incorrectly 

identified 19 (59.4%) of the 32 cases with no evidence of accreta placentation on 

histopathologic examination. The predicted surgical outcome in the 88 cases 

reviewed, was immediate caesarean hysterectomy in 50 cases (56.8%) including 

urology support in 34 of these cases and 41 (82%) of which required a primary 

hysterectomy. Of the remaining 38 cases, ten had a predicted conservative 

management but required a hysterectomy, one for focal PAS and nine for insufficient 

supracervical myometrial tissue to reconstruct the anterior lower segment after 

delivery of a non-PAS placenta. 	  
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Discussion 

Main findings 

Our data indicates that preoperative ultrasound examination and intraoperative 

features at laparotomy can identify patients at high risk of PAS who may require a 

support of an MDT for complex CD including a primary hysterectomy and massive 

transfusion during delivery, independently of the findings consistent with PAS on 

histologic examination. 

Strengths and limitations 

Our study had several strengths. We used a pragmatic approach that used both 

preoperative ultrasound imaging and gross intraoperative features to determine 

surgical approach and compared them to outcomes, rather than simply a 

retrospective analysis limited to patients identified with PAS on histopathology alone, 

which by design excludes patients with clinically relevant risk factors and those 

managed with uterine sparing and conservative measures. We also used a 

standardized protocol for the recording of ultrasound findings and intraoperative 

gross images, limiting ascertainment bias. We have found that while the predicted 

vs. actual outcomes based on independent review was high, it was not without 

limitations. In particular, photos provides views of a 3-dimensional structure in a 2-

dimensional plane, which limits the surgeon point of view such as from an oblique 

angle under the skin allowing visualization of parametrial extension or bulging and 

cannot discern tissue elasticity or movement. Finally, our study was conducted by a 

MDT with 10-years of experience who manages an average of 100 cases at high-risk 

of PAS per year. This and exclusion of cases requiring emergency delivery prior to 
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planned surgery limits the generalizability of our results.    

Interpretation and implications 

Ultrasound signs suggestive of PAS can be separated into 1) abnormalities of 

uterine contour including loss of clear zone, myometrial thinning and a bulge-like 

appearance of the anterior lower segment; and 2) of the utero-placental circulation 

including hypervascularity of the retroplacental space and the presence of placental 

lacunae, lacunae feeder vessels and bridging vessels.1,6,24,30 We found no difference 

in the distribution of myometrial thickness at different levels of the anterior uterine 

wall between the PAS and non-PAS subgroups (Table 1). Furthermore, odds of a 

hysterectomy were not increased by myometrial thinning or the presence of a 

placental bulge on ultrasound (Table 2). These findings support the concept that 

abnormalities of the uterine contour are secondary to scarification and remodelling of 

the anterior lower uterine segment1,31 and thus not specific to a histopathologic 

diagnosis of PAS.  

Overall, a placental bulge alone is evidence of architectural myometrial 

disruption, whether parts of the placenta are accreta or not and this sign is more 

strongly associated with intrapartum hemorrhage than PAS. However, antenatal 

detection of dehiscence alone still carries a high surgical risk, even when the 

overlying placenta is not PAS. Conversely, the incidence of all vascular ultrasound 

signs was significantly higher in the PAS than in the non-PAS subgroups (Table 1). 

Women with lacunar scores 2+ or 3+ on ultrasound had the highest odds of needing 

hysterectomy and > 5 units of blood transfusion when compared to those with either 

lacunar score of 0 or 1+ or other sonographic vascular anomalies (Table 2).  
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The odds of a hysterectomy for patient presenting with a complete placenta 

previa were 5 times higher than for those with a low-lying or marginal previa (Table 

2). These findings highlight the need for standardized ultrasound examination 

protocol24 for both antenatal and preoperative examinations. Independent of the 

presence of PAS, over 80% of patients with prior multiple CDs and an anterior low-

lying or placenta previa will present with large areas of dehiscence and adhesions 

requiring complex surgical dissection and hysterectomy.31 This presents a surgical 

challenge that often requires the support of an MDT, even if the placenta is not 

accreta. The fact that intraoperative image review “overcalled” the need for 

hysterectomy and MDT management may serve as a protective strategy, if 

photographs are used to increase the presence of resources at the time of delivery, 

or to decide to transfer a stable patient to an appropriate referral center, even if a 

PAS or dehiscence is identified only at the time of laparotomy. A recent study using 

telemedicine for the diagnosis and MDT management of PAS in the rural state of 

Arkansas, has shown that this approach improves the management of patients at 

high-risk of PAS.38   

 Lack of experience in managing complex obstetric surgical cases and lack of 

access to hematology and intensive care support is associated with a high risk of 

maternal death.32 Within this context, our findings that hypervascularization of the 

lower segment at laparotomy increased the odds of hysterectomy by over 5-fold, 

should alert the surgeon that such findings at laparotomy herald the need for expert 

support and to delay the hysterectomy until such support arrives or until the patient is 

transported to an appropriate nearby facility.22 

We have previously shown that the interobserver agreement for antenatal 

ultrasound imaging in cases confirmed as PAS by histopathology is good-to-
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excellent.33 We have also demonstrated that these ultrasound images can be used 

for training and that the level of inter-observer agreement, the numbers agreed as 

PAS and diagnostic sensitivity increased after training.34 A recent study has reported 

that the combined antenatal imaging and intraoperative assessment is useful to 

determine which patients may benefit from use of aortic balloon occlusion.35 In the 

present study, we found that the review of intraoperative images using the FIGO 

classification lead to the overdiagnosis in the number of cases of PAS, mainly of so-

called cases of placenta percreta. When the placenta is visible through the serosa of 

a dehiscent lower segment, the villous tissue is almost always contained within the 

thin shell of serosa or scarring, and it is the surgical manipulation and dissection that 

leads to false diagnosis of placenta percreta36 and in those cases there is no 

histological evidence for transmural villous invasion.37 In the present study, the 

histologic examination of samples obtained from abnormally attached areas at birth 

also failed to identify villous tissue invading the entire uterine wall, including cases 

described intraoperatively as “percreta” (Figure 1).  

While the actual clinical severity and pathology has likely not changed over 

the last century, our findings lend support to the concept that “through and through” 

villous invasion, as described in invasive hydatidiform moles, does not apply to 

accreta placentation. The physical destruction and remodelling of the myometrium 

from previous surgeries, followed by mechanical disruption and bulging of the scar, 

combined with large vascular recruitment and fibrosis, makes placental delivery 

hazardous and surgical resection technically difficult especially when located low 

within the pelvis. 
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 These findings suggest that including preoperative ultrasound images and 

intraoperative photography in PAS database could be useful to improve 

standardization for future comparative clinical research amongst centers but also 

training and management.   

Conclusion  

The changes associated with uterine remodelling following cesarean section are not 

pathognomonic of accreta placentation but when associated with abnormalities of 

uteroplacental circulation on ultrasound and of vascularization of the lower segment 

at laparotomy increase the odds of cesarean hysterectomy and should alert the 

surgeon for the need of expert, multidisciplinary support. When PAS is not 

diagnosed prior to surgery, delaying hysterectomy until additional support arrives or 

for transport to an appropriately equipped facility may be considered for stable 

patients.  
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Table 1. Comparison of maternal demographic characteristics, ultrasound signs, 
intraoperative findings and main outcomes in the PAS and non-PAS subgroups. 

 

Variables 
PAS 

 n=58 

Non-PAS 

 n=32 

    P 

Median (IQR) maternal age (years) 32.0 (28.0;36.0) 31.0 (28.0;33.0)   .032 

Median (IQR) gravidity   5.0 (4.0;6.0)   4.0 (3.0;4.5)   .001 

Median (IQR) parity   3.0 (3.0;4.0)   2.0 (2.0;3.0) <.001 

Median (IQR) No of prior CD   3.0 (2.0;4.0)   2.0 (2.0;3.0)   .005 

Median (IQR) GA at delivery (weeks) 36.3 (36.0;37.0) 36.3 (36.0;37.0)   .956 

Median (IQR) birthweight (g) 2900 (2750;3100) 2950 (2775;3145)   .345 

Placental location (n) 

- Low-lying 

- Marginal previa 

- Complete previa 

 

  6 (10.3%) 

  7 (12.1%) 

45 (77.6%) 

 

  4 (12.5%) 

  8 (25.0%) 

20 (62.5%) 

 

.246 

Median (IQR) cervical length (mm) 39.5 (32;48) 43 (40;52)   .112 

Ultrasound signs (n) 

Myometrial thinning (< 1mm) 

         1 level 

         2 levels 

Placental Bulge 

Subplacental hypervascularity 

Lacunae  

        1+ 

        2+ 

        3+ 

Feeder vessels 

Bridging vessels 

 

43 (74.1%) 

15 (25.9%) 

 

34 (58.6%) 

51 (87.9%) 

 

 7 (12.1%) 

21 (36.2%) 

29 (50.0%) 

32 (55.2%) 

21 (36.2%) 

 

23 (71.9%) 

  9 (28.1%) 

 

  9 (28.1%) 

  6 (18.8%) 

   

  5 (16.6%) 

  0 

  0 

  0 

  2 (6.3%) 

 

  .816 

 

 

  .006 

<.001 

 

<.001 

 

 

<.001 

  .002 

Intraoperative findings (n) 

Anterior wall dehiscence  

<30% 

 

 

11 (19.0%) 

 

 

10 (31.3%) 

 

 

  .033 
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30-50% 

              >50% 

Increased vascularity  

Placental bulge 

16 (27.6%) 

31 (53.4%) 

51 (87.9%) 

15 (25.9%) 

14 (43.7%) 

  8 (25.0%) 

  8 (25.0%) 

  9 (28.1%) 

 

 

<.001 

  .816 

Primary outcome (n)  

Cesarean hysterectomy  

Conservative management  

 

51 (87.9%) 

  7 (12.1%) 

 

  9 (28.1%) 

23 (71.9%) 

 

<.001 

 

Secondary outcome  

Median number PRBC units transfused 

Transfusion > 5 PRBC units (n) 

 

2.0 (2.0;4.0) 

   9 (15.5%) 

 

2.0 (2.0;3.0) 

   1 (3.1%) 

 

.315 

.073 

Other surgical data 

Median estimated blood loss (mL) 

Median preoperative Hb (g/dL) 

Median postoperative Hb (g/dL) 

Bladder injury (n) 

 

1850 (1500;2600) 

10.7 (10.2;11.5) 

9.6 (9.1;10.4) 

  9 (15.5%) 

 

1575 (1425;1950) 

10.6 (9.9;11.4) 

9.9 (9.4;10.7) 

2 (6.3%) 

 

  .033 

  .732 

  .099 

  .199 

CD= Cesarean delivery; IO= Internal os; PRBC= packed red blood cells; 1 level or 2 level= 
myometrium thickness < 1mm at 1 or 2 levels of the 3 levels measured.	  
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Table 2: Univariable analysis of factors associated with cesarean hysterectomy 

 

Variable Category Hysterectomy 
n/N (%) 

Odds Ratio (95% 
CI) 

    P 

Maternal age (*) -  1.31 (0.80;2.13) .29 

 

Gravidity 

 

≤ 3 

4 

5 

>6  

7/24 (29%) 

14/23 (61%) 

20/22 (91%) 

19/21 (90%) 

1 

3.78 (1.12;12.7) 

24.3 (4.44;132) 

23.1 (4.21;127) 

<.001 

 

Parity 

≤ 2 

3 

>4 

12/32 (38%) 

23/31 (74%) 

25/27 (93%) 

1 

4.79 (1.63;14.1) 

20.8 (4.17;104) 

<.001 

No of prior CD <2 

>3 

18/39 (46%) 

42/51 (82%) 

1 

5.44 (2.09;14.2) 

.001 

GA at delivery (weeks)   1.03 (0.57;1.81) .92 

Birthweight (g) (***)   0.90 (0.77;1.05) .20 

Placental location Covering previa  

Low-lying 

Marginal previa 

50/65 (77%) 

4/10 (40%) 

6/15 (40%) 

1 

0.20 (0.05;0.80) 

0.20 (0.06;0.65) 

.005 

Cervical length (mm) (**)   1.00 (0.69;1.44) .98 

Ultrasound signs (n) 

Myometrial thinning (< 
1mm) 

Placental bulge 

 

Subplacental 
hypervascularity 

Lacunae 

 

Feeder vessels 

 

Bridging vessels 

 

1 level 

2 levels  

No  

Yes 

No  

Yes 

0 or 1+ 

2+ or 3+ 

No  

Yes 

 

43/65 (66%) 

17/25 (68%) 

30/47 (64%) 

47/57 (82%) 

13/33 (39%) 

47/57 (82%) 

17/42 (40%) 

43/48 (90%) 

32/58 (55%) 

28/32 (88%) 

 

1 

1.09 (0.41;2.91) 

1 

1.31 (0.54;3.16) 

1 

7.23 (2.72;19.2) 

1 

12.6 (4.15;38.5) 

1 

5.69 (1.77;18.3) 

 

.87 

 

.55 

 

<.001 

 

<.001 

 

.004 
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No  

Yes 

41/67 (61%) 

19/23 (83%) 

1 

2.00 (1.29;3.10)  

.002 

Intraoperative findings (n) 

Anterior wall dehiscence  

 

 

Increased vascularity  

 

Placental bulge 

 

<30% 

30-50% 

 >50% 

No  

Yes 

No  

Yes 

 

13/22 (59%) 

17/30 (57%) 

30/38 (79%) 

13/31 (42%) 

47/59 (80%) 

17/24 (71%) 

43/66 (65%) 

 

1 

0.91 (0.30;2.76) 

2.60 (0.82;8.23) 

1 

5.42 (2.09;14.1) 

1 

0.77 (0.28;2.13) 

 

.10 

 

 

.001 

 

.61 

(*) Odds ratio given for 5-year increase in variable 

(**) Odds ratio given for a 10-unit increase in variable 

(***) Odds ratio given for a 100-unit increase in variable 
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Table 3: Multivariable analysis of factors associated with hysterectomy 

Variable Category Odds Ratio (95% CI)           P 

Parity 

≤ 2 

3 

>4 

1 

5.48 (1.26 23.7) 

32.0 (3.07, 334) 

 

<.007 

Placental location Complete previa  

Low-lying 

Marginal previa 

1 

0.16 (0.02, 1.02) 

0.08 (0.01, 0.55) 

 

.01 

PAS No 

Yes 

1 

19.6 (4.79, 79.8) 

 

<0.001 
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Figure legend 

Figure 1: Intraoperative views of placenta previa with evidence of abnormal 
placental attachment and deep villous implantation on histology (placenta increta). In 
both cases the bluish/purple coloring, distension of the anterior uterine wall over the 
placental covered by an adherent bladder (b) bed with significant amount of 
hypervascularity over the lower and upper segments. (A) at 34 weeks of gestation 
before bladder dissection showing focal areas of dehiscence (*); (B) at 36 weeks of 
gestation showing placental tissue (*) after bladder dissection.  

 
 

 

 


