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Objective: The aim of the study was to evaluate the association between placental thickness and placenta accreta spectrum (PAS) in 
patients with placenta previa.
Materials and Methods: In this prospective study, 40 patients diagnosed with placenta previa were included. The maximum 
placental thickness in the lower uterine segment was obtained using a transabdominal scan. For the image to be deemed suitable, 
a midline sagittal section of the lower uterine segment (with the implanted placenta) and the cervical canal, with the intervening 
urinary bladder had been required. Intraoperative attendance was ensured for the detection of cases with spontaneous separation and 
cases with morbid adherence. All specimens removed were sent for histopathology to confirm PAS. The primary outcome of the study 
was to detect a threshold of placental thickness which can be used as a cut-off value in such screening test. The number of units of 
packed RBCs transfused during the operation and bladder injury were secondary measures of outcome.
Results: Forty patients were included in the study; 20 patients were ultimately diagnosed with PAS while 20 patients did not have 
PAS. Mean placental thickness was significantly higher in the PAS patients compared with those with no invasive placentation 
(61.00 mm Vs 43.00 mm, P value 0.000). Using receiver operating characteristic (ROC) curve, a threshold placental thickness of 
58mm was associated with 55% sensitivity, 90% specificity, 84.6% positive predictive value, and 66.7% negative predictive value. 
Multivariate logistic regression showed that placental thickness more than 58mm and having past history of more than three cesarean 
sections were independent risk factors for PAS among patients with placenta previa.
Conclusion: Placental thickness in the lower uterine segment is increased in patients with placenta previa with PAS compared to 
those with no PAS. Such finding can be implemented into clinical practice by using placental thickness as a screening test for PAS in 
patients with placenta previa.
ClinicalTrials.gov ID: NCT05500404.
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Introduction
Placenta previa is a major obstetric complication that occurs when the placenta occupies lower uterine segment with 
either partial or complete coverage of the internal os of the cervix.1 The incidence of placenta previa is estimated to be 
0.5%. This incidence has increased in recent years. This can be attributed to higher number of cesarean deliveries, 
in vitro fertilization, previous spontaneous and elective pregnancy terminations, and previous uterine surgery.2
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Placenta accreta spectrum (PAS) is one of the most grave conditions associated with pregnancy as it can lead to 
massive bleeding, which can result in maternal mortality or severe morbidities like multi-organ failure, disseminated 
intravascular coagulopathy, need for intensive care unit admission and hysterectomy.3 Placenta previa is a risk factor for 
PAS and there is a lot of overlap in imaging findings between the two processes. PAS problems affect approximately 11% 
of the people with placenta previa. Differentiating between placenta previa with and without PAS problems is crucial in 
clinical practice.4

Maternal mortality due to PAS is reduced when the condition is diagnosed at the antenatal period as it allows for 
proper management of the condition in advance. Ultrasound is the investigation of choice for antenatal diagnosis of 
abnormally invasive placenta, and the diagnostic accuracy is good both in retrospective and prospective case series.5

Current antenatal diagnosis of morbidly adherent placenta depends on the identification of sonographic findings on 
grayscale and color Doppler imaging. Such findings are usually subjective with difference in its interpretation by 
different individuals. While multiple findings have been reported in the literature, even experts provide a range of 
different descriptions, and efforts are currently underway to provide uniform lexicon and descriptors. When blinded to 
clinical data, there is significant inter-observer variability in the diagnosis of invasive placentation. While imaging 
features have increased sensitivity and specificity with experts, developing an objective metric to risk stratify cases even 
in the hands of less experienced reviewers is useful.2

Maximum placental thickness has a linear correlation with gestational age with a thickness above 50 mm between 32 
and 34 weeks of gestation being above the 90th centile.5 Several retrospective studies have stated an association between 
placental thickness and PAS development in patients with placenta previa.2,6 The cause of this association is not clear but 
can be attributed to the limited migration of the placenta due to its attachment to the cesarean scar defect with the 
resulting mushroom-like bulging of the placenta out of the defect.5

The aim of our study was to evaluate placental thickness in lower uterine segment measured by ultrasound in patients 
with placenta previa regarding its accuracy in prediction of PAS. Defining a cutoff value which can be used for screening 
purposes of such morbid condition was the ultimate goal of the study.

Materials and Methods
This diagnostic accuracy test study was carried out during the period from January to August 2022 at Ain Shams 
university maternity hospital. The study participants were 40 pregnant women with ultrasound proven diagnosis of 
placenta previa and past history of at least one cesarean section. Using PASS 15 sample size program for sample size 
calculation, setting the power at 80% and alpha error at 0.05, it was estimated that sample size of 40 patients was needed 
to detect the diagnostic accuracy of placental thickness for diagnosis of PAS assuming that the area under ROC curve = 
0.75 and the proportion of patients with PAS diagnosed by histopathology among studied patients = 58%.2

The age of the included participants ranged from 20 to 45 years and at the time of recruitment, their gestational age 
was ≥26 weeks. Hemodynamically unstable women, those with repeated attacks of antepartum hemorrhage were 
excluded from the study. Moreover, patients with medical disorders leading to uteroplacental insufficiency such as 
systemic lupus erythematosus or antiphospholipid antibody syndrome or enlarged placenta such as cases with fetal 
hydrops or multiple pregnancy were also excluded from the study.

After obtaining informed consent, patients included in the study underwent measurement of placental thickness. The 
maximum placental thickness in the lower uterine segment was obtained using transabdominal ultrasound scan by 
obstetrics and gynecology consultant with special interest in obstetric ultrasound. Ultrasound was performed at the 
ultrasound and fetal care unit of Ain Shams University Maternity Hospital. For the image to be deemed suitable, 
a midline sagittal section of the lower uterine segment (with the implanted placenta) and the cervical canal, with the 
intervening urinary bladder was required.5 The measurement was made by a researcher who was blinded to the final 
diagnosis. Intraoperative attendance of the cesarean section to document intraoperative findings of morbidly adherent 
placenta was ensured. Cases with spontaneous placental separation without any attempts of manual extraction, ie, no 
evidence of invasion were documented and recorded, while cases that underwent cesarean hysterectomy due morbidly 
adherent placenta or myometrial resection due to focal invasion were documented and the removed specimens were sent 
for histopathology to document PAS and to determine the depth of invasion. The primary outcome of the study was the 
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threshold of placental thickness which can be used as a cut-off level with appropriate sensitivity and specificity so it can 
be used as a screening test for such morbid condition. The number of units of packed RBCs transfused intraoperatively 
and intraoperative complications as bladder injury were secondary measures of outcome.

This study was done after approval of the Ethical Committee of the Faculty of Medicine, Ain Shams University. 
Informed consent was taken from all participants before recruitment in the study, and after explaining the purpose and 
procedures of the study. The investigator retained the original signed informed consent form. The data were collected 
confidentially. The study was based on the investigator self-funding. Quantitative variables were presented using mean 
and SD. Qualitative variables were presented using count and percentage. Student’s t-test was used to compare 
quantitative variables between two independent groups and Chi square test was used for qualitative variables. ROC 
curve analysis was used to compare the predictive ability of the two measures and determine the best cut-off value with 
the highest sensitivity and specificity for each measure. Logistic regression analysis was done to measure the ability of 
different factors to predict PAS. P value less than or equal to 0.05 will be considered statistically significant.

Results
The study included 40 pregnant women with ultrasound proven diagnosis of placenta previa. The age of the study 
participants ranged from 20 to 43 years (Table 1). Table 1 presents the baseline characteristics of the studied participants.

Placental thickness was measured at the third trimester and the results ranged from 15mm to 110mm (Table 2); such 
measurements were compared with the histopathological examination of removed specimens which is the gold standard 
diagnostic test for PAS. Fifty percent of the study participants had PAS (Table 3). Table 4 illustrates the depth of invasion 
detected by histopathology.

Operative complications are presented in Table 4. There were neither ureteric injuries nor vascular injuries. No 
intestinal injuries were reported as well.

The distribution of blood groups among study participants is presented in Table 5.
The final outcome has divided study participants into two groups: patients with placenta previa with PAS and patients 

with placenta previa with no morbid adherence. Table 6 shows the comparison between the two groups regarding 
demographic data with age, parity and number of previous cesarean sections being significantly higher in PAS patients. 
Placental thickness had a significant correlation with PAS in patients with placenta previa (Table 7).

Table 1 Baseline Characteristics of the Studied Patients

No. 40

Age (years) Mean±SD 31.90 ± 5.59
Range 20–43

Parity Median (IQR) 3 (2–4)
Range 1–6

Body mass index (BMI) (Kg/m2) Mean±SD 30.27 ± 4.39
Range 21.3–39.8

No. of previous cesarean sections Median (IQR) 3 (2–4)
Range 1–6

Preoperative Hemoglobin (g/dl) Mean±SD 10.90 ± 0.76
Range 10–13

Table 2 Placental Thickness Among the Studied Patients

No. 40

Placental thickness (mm) Mean±SD 52.00 ± 20.94

Range 15–110
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Table 3 Incidence of PAS and Pathological Results 
Among the Studied Patients: (Total Number: 40)

Pathological Results Number (%)

Placenta accreta spectrum 20 (50%)

Accreta 1 (2.5%)
Increta 8 (20%)

Percreta 8 (20%)

Myometrial resection 3 (7.5%)
Spontaneous separation 20 (50%)

Table 4 Operative Complications in the Study Participants: 
(Total Number: 40 Patients)

Hysterectomy Number %

17 42.5%

Bladder injury Number %

3 7.5%

Number of Packed RBCs transfused Median (IQR) Range

1 (0–4) 0–8

Table 5 Blood Group Distribution Among 
the Studied Patients

Number (%)

Blood group A positive 13 (32.5%)

B positive 15 (37.5%)
AB positive 2 (5%)

O positive 7 (17.5%)

A negative 2 (5%)
AB negative 1 (2.5%)

Table 6 Comparison Between Patients with PAS and Those with No PAS Regarding Demographic Data

No PAS PAS Test value P- value Sig.

No. = 20 No. = 20

Age (years) Mean±SD 29.85 ± 5.27 33.95 ± 5.24 −2.467• 0.018 S
Range 20–38 26–43

Parity Median (IQR) 2 (1–3) 4 (3–5) −3.646‡ 0.000 HS
Range 1–4 1–6

BMI (Kg/m2) Mean±SD 30.26 ± 4.07 30.28 ± 4.79 0.247• 0.806 NS
Range 23.1–39.8 21.3–38.1

No of previous CS Median (IQR) 3 (1–3) 4 (3–4) −2.906‡ 0.004 HS
Range 1–4 1–6

Preoperative Hemoglobin (g/dl) Mean±SD 10.93 ± 0.69 10.87 ± 0.84 0.247• 0.806 NS

Range 10 −12.6 10–13

Notes: P-value > 0.05: Non-significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS). •Independent t-test; 
‡Mann–Whitney test.
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Hysterectomy is the standard treatment for cases of PAS; 85% of the PAS group (17 patients) underwent 
cesarean hysterectomy, while only 3 patients underwent partial myometrial resection due to focal invasion. None 
of the patients with no morbid adherence underwent a hysterectomy. Regarding blood transfusion, requirements were 
significantly higher in the PAS group. There was no significant difference between the two groups regarding bladder 
injury (Table 8).

Table 9 shows that there was no significant correlation between certain blood groups and PAS development among 
study participants.

The multivariate logistic regression model showed that having more than three previous cesarean sections and 
placental thickness more than 58mm were independent risk factors for having PAS in patients with placenta 
previa (Table 10).

The ROC curve of placental thickness showed that a cutoff value of 58mm was associated with 55% sensitivity, 90% 
specificity, 84.6 positive predictive value and 66.7 negative predictive value (Table 11).

Table 7 Comparison Between Patients with PAS and Patients with No PAS Regarding Placental Thickness

No PAS (No. 20) PAS (No. 20) Test value P value Sig.

Placental thickness (mm) Mean±SD 43.00 ± 15.66 61.00 ± 22.00 −4.102• 0.000 HS
Range 15–77 27–110

Notes: P-value > 0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS). •Independent t-test.

Table 8 Comparison Between Patients with PAS and Patients with No PAS Regarding Operative Complications

Operative Complications No PAS (No.20) PAS (No.20) Test value P value Significance

Number (%) Number (%)

Hysterectomy 0 (0%) 17 (85%) 29.565* 0.000 HS

Bladder injury 1 (5%) 2 (10%) 0.360* 0.548 NS

Number of units of Packed RBCs transfused No PAS (No.20) PAS (No.20) −4.085‡ 0.000 HS

Median (IQR) 1 (0–1) 3 (2–4)

Range 0–5 0–8

Notes: P-value > 0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS). *Chi-square test, ‡Mann Whitney test.

Table 9 Comparison Between Patients with PAS and Those with No PAS Regarding Different Blood Groups

No PAS PAS Test value* P - value Significance

No. 20 % No.20 %

Blood group A Positive 6 30.0% 7 35.0% 1.286 0.936 NS
B Positive 8 40.0% 7 35.0%

O Positive 4 20.0% 3 15.0%

AB Positive 1 5.0% 1 5.0%
A Negative 1 5.0% 1 5.0%

AB Negative 0 0.0% 1 5.0%

Notes: P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS). *Chi-square test.
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Discussion
To our knowledge, this is the first prospective study assessing the value of placental thickness as a screening tool for the 
detection of placenta accreta spectrum in patients with placenta previa.

The study included 40 pregnant patients with ultrasound proven diagnosis of placenta previa or low-lying placenta; 20 
patients (50%) were diagnosed with PAS which was confirmed by histopathology while 20 patients (50%) did not have 
PAS and their placenta were separated completely at CS (Figure 1). Eighty-five percent of the patients with PAS (17/20) 
underwent cesarean hysterectomy, which is the standard treatment for morbidly adherent placenta, while the remaining 
15% (3/20) had focal invasion and underwent conservative surgery in the form of partial myometrial resection. None of 
the patients with no PAS underwent a cesarean hysterectomy (Figure 2).

Our study showed that age was significantly higher among patients with PAS compared with patients with placenta 
previa but no PAS. The univariate logistic regression model showed that age above 35 years increased the aOR for 
developing PAS by 5.7 (95% CI: 1.254–25.606) for every 1-year increase in age. RCOG guideline discussing placenta 
previa and placenta accreta spectrum reported a similar association with an increase in the aOR by 1.3 (95% CI 1.13– 
1.50) for every 1-year increase in age in women without previous cesarean delivery.4 Such higher aOR in our study could 
be attributed to the fact that all the study participants had at least one previous cesarean delivery.

Table 10 Univariate and Multivariate Logistic Regression Analyses for Factors Associated with Placenta Accreta Spectrum

Univariate Multivariate

P-value Odds Ratio (OR) 95% CI for OR P-value Odds Ratio (OR) 95% CI for OR

Upper Lower Upper Lower

Age >35 years 0.024 5.667 1.254 25.606 - - - -

Parity >3 0.001 16.714 2.976 93.885 - - - -

No. of previous CS >3 0.011 9.000 1.638 49.446 0.034 252.052 1.243 17.700

Placental thickness by  

US >58mm

0.006 11.000 1.998 60.572 0.028 249.933 1.372 18.519

Table 11 Data Interpreted from ROC Curve

Parameter AUC Cut of Point Sensitivity Specificity PPV NPV

Placental thickness by US (mm) 0.734 > 58 55.00 90 84.6 66.7

50 %50 %

Placenta accreta spectrum

No PAS PAS

Figure 1 Incidence of placenta accrete spectrum among study participants.
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All epidemiological studies in the past 20 years have shown a direct association between the increase in cesarean 
deliveries and the incidence of PAS.4 Our results showed that there is a significant association between the number of 
cesarean deliveries and the development of PAS in patients with placenta previa. Moreover, the multivariate regression 
model showed that among the study participants, the presence of more than three previous cesarean deliveries was 
associated with OR of 17.7 for developing PAS. Regarding parity, the significant association between the increase in 
parity and PAS seemed to be a consequence to the increase in the number of cesarean deliveries since having at least one 
previous cesarean delivery was one of the inclusion criteria of the study.

Body mass index was not significantly associated with the development of PAS; this is consistent with the results of 
the cohort study obtained by Vieira et al, which showed that obesity by itself was not strongly correlated with PAS and 
that the apparent association seems to be confounded by the high incidence of CS among patients with high BMI.7

The maximum placental thickness in the lower uterine segment was directly correlated with the presence of PAS 
disorder as evidenced by the significant linear association between the placental thickness and histological confirmation 
of PAS in either the hysterectomy specimens or the resected myometrial segments in cases who underwent conservative 
surgery. The ROC curve of placental thickness revealed an area under the curve of 0.734. The maximum placental 
thickness of 58mm was determined as the cut-off point in the screening for PAS disorder with 55% sensitivity, 90% 
specificity, 84.6% PPV, and 66.7 NPV (Figure 3). The multivariate logistic regression analysis showed that the cut-off 
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100%

No Yes

Hysterectomy

100%

0%
15%

85%

No PAS PAS

Figure 2 Incidence of cesarean hysterectomy among PAS and no PAS patients.

Figure 3 ROC curve of placental thickness by ultrasound as a predictor of placenta accreta spectrum.
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point of 58mm was associated with an odds ratio of 18.519 for developing PAS among patients with placenta previa. 
These findings were similar to that obtained by Bhide et al in their retrospective analysis which showed that for each 
1mm increase in placental thickness above the normal median, the odds of PAS increase by 1.051. However, the study 
did not define an optimal threshold which can be used as a cutoff point for screening purposes. The ROC curve analysis 
revealed an area under the curve of 0.826 which could be due higher sample size.5 Li et al obtained similar results as well 
where 45mm was determined as a threshold for PAS screening with 50% sensitivity and 96% specificity.2 Such higher 
specificity compared to our study was attributed to a higher proportion of PAS (67.9% of cases) compared to our study 
(50% of cases). Every effort was made to predict the possible adverse outcomes of PAS before intervention to achieve 
optimum preoperative preparations. Shazly et al created two models named Middle-East Obstetrics and Gynecology 
Graduate Education placenta accreta risk-antepartum score (MOGGE PAR-A) and peri-partum score (MOGGE PAR-P) 
to predict massive blood loss, prolonged hospitalization, and maternal ICU admission associated with PAS by using 
antenatal and peripartum data from the Placenta accreta spectrum international database (PAS-ID). The diagnostic 
accuracy of these two models ranged between 80 and 90%.8 The higher AUC compared to our study can be attributed 
to the higher prevalence of the condition in their study population which is due to its retrospective nature. Moreover, the 
primary focus of our study was the prediction of PAS in high-risk patients using a simple test which is the placental 
thickness which differs from the aim of the study conducted by Shazly et al which is the prediction of clinical outcomes 
in an already diagnosed PAS patients.8

There was no significant difference between patients with PAS and patients with no PAS regarding preoperative 
hemoglobin; this finding indicates that intra-operative blood transfusion was entirely dependent on the haemodymanics 
and the vital data of the patient during the cesarean section. The number of transfused units of packed RBCs per patient was 
significantly higher among patients with PAS disorder compared with cases with complete placental separation; we included 
only intra-operative transfusion as it was guided by the anesthesiologist in charge with a low risk of bias, while 
postoperative transfusion is usually affected by the vital data of the patient and the surgeon’s preference. Bhide et al 
showed similar results with 39.3% of the PAS patients required blood transfusion. However, the number of transfused units 
for each patient was not reported, ie, only qualitative assessment.5 Our results were also similar to those obtained by Kim 
et al, who developed a scoring system to predict massive hemorrhage in patients with placenta previa totalis; The presence 
of pathological placental adhesion was significantly associated with massive transfusion i.e. more than 8 units of packed 
RBCs.9 There was no correlation between certain blood groups and PAS development among the study participants.

Cesarean hysterectomy remains the most widely accepted and preferred approach to PAS according to an Obstetric Care 
Consensus document developed jointly by the American College of Obstetricians and Gynecologists (ACOG) and the 
Society for Maternal-Fetal Medicine (SMFM) and endorsed by The Society of Gynecologic Oncology (SGO).10 Among our 
study participants, only 15% of the patients of the PAS arm underwent conservative management in the form of myometrial 
resection. The study conducted by Shazly et al included 587 patients with a diagnosis of PAS; uterine conservation was 
successful in 469 cases (79.9%).10 This high success rate because that most of the study participants had only one previous 
cesarean section (The median number of previous CS was 1) which is much lower than the median number of previous CS 
in our PAS patients, which was 4. Besides, 290 out of 587 patients (49.9%) had placenta accreta,11 while among our study 
participants, 40% of the PAS arm had placenta increta and another 40% had placenta percreta at the histopathological 
analysis of the hysterectomy specimens. Cırpan et al conducted a retrospective study that evaluated the segmental resection 
technique in the management of PAS; 21 out of 23 cases (91.3%) were successfully managed with segmental resection. 
Such a high rate of conservative surgery compared to our study can be attributed to a lower number of previous cesarean 
sections (the mean number was 1.87). Moreover, the technique was applied to cases where the myometrium is extremely 
thin with protrusion of the placenta through the defective thin area; this means that cases were carefully selected before 
performing the technique12 while in our study, the such selection was not present because our primary aim was the 
prediction of PAS, while the management was influenced by surgeons’ preference and expertise.

Regarding bladder injury, there was no significant difference between patients with PAS and patients without PAS; this 
might be a reflection of the high experience of the surgeons who performed the procedure. Such experience is due to the high 
number of cases admitted to our hospital, which is a tertiary centre for referral of such cases from all over Egypt. However, 
a higher sample size is needed for a better assessment of possible significant difference regarding such complication.
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Patients included in the study were asked about the site where previous cesarean section or sections were performed; 
80% of the patients with no PAS stated that their past cesarean sections were performed at private hospitals, 5% reported 
university hospitals, 10% at teaching hospitals and 5% reported both university and private hospitals. Similar percentages 
were reported by patients having PAS with 80% stated that their sections were carried out at private hospitals, 5% 
reported teaching hospitals, 10% at both private and teaching hospitals and 5% at both university and private hospitals. 
Such findings reveal the huge role played by the private sector in providing obstetric services in Egypt and the fact that 
much more follow-up of obstetric interventions which are carried out at this important sector is needed by health 
authorities.

Conclusion
Our study showed that there was a significant increase in placental thickness at the lower uterine segment in patients with 
placenta previa and PAS compared to those with placenta previa but no morbid adherence. Measuring placental thickness 
is simple and easy to implement. So, it can be used as a screening test for patients with placenta previa, particularly those 
with a past history of cesarean section and no other uterine surgeries.
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