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Abstract
Objective  To identify if placental thickness measured from MRI images correlates with placenta accreta spectrum (PAS) 
disorders.
Methods  Placental thickness of 245 patients was retrospectively measured from October 2016 to March 2020. The meas-
urement was made at the thickest portion of the placenta on the mid-sagittal plane of the placenta from MRI by two inde-
pendent radiologists. Surgical report and pathology of the delivered placenta were used as a reference standard. Association 
between clinical features, placental thickness, and PAS disorders was evaluated with univariate and multivariate analyses. 
The inter-reader and intra-reader reproducibility of the measurements and receiver operating characteristic curve analysis 
were also performed.
Results  Placental thickness was significantly higher in patients with PAS disorders (3.45 cm) than that in patients without 
PAS disorders (2.90 cm) (p < 0.05). Multivariate analyses revealed that prior cesarean section, placenta previa, and placental 
thickness > 4 cm were independent risk factors for PAS disorders. The inter-reader and intra-reader reproducibility of pla-
cental thickness measurement were 0.979 (95% CI 0.960–0.989) and 0.981 (95% CI 0.9640–0.990), respectively.
Conclusion  The reproducibility of the measurement made from MRI images was high between two radiologists. Patients 
with PAS disorders had increased placental thickness. Placental thickness > 4 cm correlated with PAS disorders.
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Introduction

Placenta accreta spectrum (PAS) disorder is a series of dis-
eases, including abnormally adherent and invasive placentas. 
The adherent placenta is defined as placental villi simply 
adhering to the myometrium, while invasive placenta refers 
to a condition in which the villi invade or even penetrate 
the myometrium and includes placenta increta and placenta 
percreta [1]. The annual incidence of invasive placentation is 
projected to be over 9000/year and is estimated to be 1/300 
pregnancies by 2020 [2, 3]. The increase of PAS disorders is 
a consequence of cesarean section (CS) and modern obstet-
ric and reproductive medical processes, including operative 
hysterectomy, suction curettage, surgical termination, endo-
metrial ablation, and any other procedures causing damage 
to the uterine wall [4].

The main complications of PAS disorders include mas-
sive hemorrhage, peripartum hysterectomy, organ injuries, 
and even death [5–7]. Patients with PAS disorders are also 
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at higher risks for transfusion, anemia, bladder surgery, and 
ICU admission [8].

Since the first ultrasound (US) image of PAS disorders 
in the early 1980s, US imaging remains the primary method 
for diagnosing PAS disorders [9]. However, US imaging is 
operator-dependent because the diagnosis relies on individ-
ual subjective interpretations of visual sonographic findings 
on the gray scale and color Doppler imaging [10]. Although 
not routinely recommended by FIGO (The International 
Federation of Gynecology and Obstetrics), MRI is increas-
ingly adopted in tertiary centers for prenatal diagnosis and 
birth plans. The Society of Abdominal Radiology (SAR) 
and European Society of Urogenital Radiology (ESUR) also 
released a consensus statement for MRI features in evaluat-
ing PAS disorders [11].

Li et al. reported that increased thickness of placenta in 
women with placenta previa in the lower uterine segment 
correlated with PAS disorders [10]. However, the reproduc-
ibility of the measurement of placental thickness from US 
imaging remains controversial because different operators 
may have different perceptions of the true sagittal plane 
[12]. It is relatively more objective to orient the true sagittal 
plane of the placenta, not just the sagittal plane of the mother 
from MRI, and the use of placental thickness has not been 
validated by MRI. Therefore, this study aims to determine 
whether measurement of placental thickness by MRI is reli-
able and, secondly, whether increased placental thickness 
correlates with PAS disorders.

Materials and methods

Patient selection

This retrospective study investigated consecutive patients 
who underwent placental MRI in our hospital between Octo-
ber 2016 and March 2020. The study protocol was approved 
by the Institutional Review Board. The inclusion criteria 
were as follows: ① patients with high risks of PAS disorders, 
② patients with suspected PAS disorders detected by US 
imaging and MRI, ③ patients with a singleton pregnancy. 
The exclusion criteria included the following: ① patients 
with severe motion artifact from the fetus (n = 2), ② patients 
delivered at other hospitals (n = 37), ③ surgical or pathologi-
cal results were unavailable (n = 12). Flowchart of the study 
design was demonstrated in Fig. 1.

Clinical characteristic analysis

The demographic information of patients was evaluated 
by consulting the clinical records of patients in the study, 

including maternal age, gravidity, parity, number of previ-
ous CS, and number of abortions. Gestational age at exam-
ination and gestational age at delivery were also recorded.

MRI protocols

All patients underwent placental MRI using a 1.5-T MR 
scanner (Aera, Siemens Healthineers, Erlangen, Ger-
many). The image protocols were (1) axial, coronal, 
and sagittal half-Fourier acquisition single-shot turbo 
spin-echo (HASTE) of the placenta: field of view (FOV) 
420 × 80  mm, 5-mm-thick section, 20% gap, matrix 
272 × 320, TR 1 300 ms, TE 93 ms, and a scan duration of 
50 s; (2) axial, coronal, and sagittal true fast imaging with 
steady-state precession (True-FISP) of the placenta: FOV 
of 420 × 80 mm, 5-mm-thick section, 30% gap, matrix 
234 × 384, TR 4.11 ms, TE 1.63 ms, and a scan duration of 
48 s; (3) 3D-volumetric interpolated breath-hold examina-
tion (3D-VIBE) of the placenta: FOV 400 mm, 5-mm-thick 
section, 20% gap, matrix 180 × 320, and a scan duration 
of 8 s.

Imaging analysis

Placental thickness was independently measured by 2 expe-
rienced radiologists with expertise in obstetric imaging with 

Fig. 1   Flowchart of the study design
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3 and 13 years of experience, respectively. The radiologists 
were blinded to the clinical and pathological results. The 
thickest portion of the placenta at the mid-sagittal plane 
from HASTE was measured in all patients (see Fig. 2). The 
measurement was performed twice for each reader, and the 
average of the measurements was recorded as the final pla-
cental thickness.

Reference standard

The diagnosis of PAS disorders was made intraoperatively. 
Placenta percreta was diagnosed when the placental tissue 
invaded the uterine serosa and surrounding organs, includ-
ing the broad ligament, vaginal wall, and bladder visu-
ally. Despite active management in the 3rd stage of labor, 
placenta increta was diagnosed when the placenta did not 
separate after 20 min, resulting in the difficulty in manual 
removal of the placenta piecemeal and heavy continuous 
bleeding from the implantation site. Placenta accreta was 
diagnosed when the placenta firmly adhered to the endo-
metrium with non-self-controlled bleeding at the time of 
detachment. Pathological examination was made from the 
uterine specimen in hysterectomy cases or placental tissue 
in the invasive site of the removed placenta to support surgi-
cal diagnosis.

Statistical analysis

Continuous variables with a normal or non-normal distri-
bution were expressed as mean ± standard deviation (SD) 
or median (range), respectively, and categorical variables 
were expressed as numbers (proportions, %). Student’s t test, 
Mann–Whitney U test, and χ2 test were used to compare 
the clinical features between patients with and without PAS 
disorders. A multivariable logistic regression analysis was 
used to determine the most significant risk factors for pre-
dicting PAS disorders. The following cutoff values of the 
risk factors were used: maternal age < 35 years or ≥ 35 years 
and placental thickness ≤ 4 cm or > 4 cm. Receiver operat-
ing characteristic curve analysis was used to determine the 
predictive value. The inter-reader and intra-reader reproduc-
ibility for placental thickness measurements were evaluated 
using the intraclass correlation coefficient (ICC) with 95% 
CI. An ICC of less than 0.20 indicated slight reproducibil-
ity, between 0.21 and 0.40 indicated fair reproducibility, 
between 0.41 and 0.60 indicated moderate reproducibility, 
between 0.61 and 0.80 indicated substantial reproducibility, 
and between 0.81 and 1.00 indicated perfect reproducibility. 
p < 0.05 was considered statistically significant. Statistical 
analyses were performed using SPSS 21.0 (IBM Inc).

Results

A total of 245 patients were included in the study. The 
mean maternal age was 30 years, ranging between 19 and 
45 years. The mean gestational age at examination was 
32 weeks, ranging between 19 and 39 weeks. The clinical 
characteristics of the 2 groups are shown in Table 1. Of 
the 245 patients, 120 patients (47.24%) were diagnosed as 
PAS disorders, including 26 patients (10.61%) of placenta 
accreta, 81 patients (33.06%) of placenta increta, and 13 
(5.31%) patients of placenta percreta. A total of 129 patients 
(52.65%) with placenta previa had CS, and 116 patients 
(47.35%) without placenta previa had a vaginal delivery.

Patients with PAS disorders were older than patients 
without PAS disorders, and more patients with PAS disor-
ders were older than 35 years (p < 0.05). More patients with 
PAS disorders had prior CS, dilation and curettage of the 
uterus and placenta previa (p < 0.05). The number of prior 
CS, gravidity, and parity were all higher in patients with PAS 
disorders (p < 0.05). Placental thickness was 3.45 (1.98) cm 
in patients with PAS disorders and was significantly higher 
than that in patients without the disease at 2.90 (1.35) cm 
(p < 0.05) (Fig. 3). The placental thickness of patients with 
PAS disorders had increased (> 4 cm) (p < 0.05).

The inter-reader and intra-reader reproducibility 
of placental thickness measurement were 0.979 (95% 

Fig. 2   Measurement of placental thickness. Sagittal image of HASTE 
in a 33-year-old woman with history of 1 prior CS and placenta pre-
via. The placental thickness was measured at the thickest portion 
of the placenta. Average of two measurements was used as the final 
result of a patient
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Table 1   Clinical characteristics 
of patients with PAS disorders 
and normal placentas

Parameters Patients without PAS disor-
ders (n = 125)

Patients with PAS disorders 
(n = 120)

p

Age(years) 29.26 ± 4.16 32.10 ± 5.10 0.008
  < 35 120 93 0.000
  ≥ 35 5 27

GA (weeks) 32.5 (4.75) 33 (5) 0.676
Gravidity 3 (3) 4 (2) 0.00
Parity 1 (1) 1 (0) 0.00
Prior CS 0.000
 Yes 46 94
 No 79 26

Number of Prior CS 0.000
 0 79 27
 1 39 74
  ≥ 2 7 19

Placenta previa 0.000
 Yes 29 100
 No 96 20

Prior dilation and curettage 0.002
 Yes 76 95
 No 49 25

Placental thickness 2.90 (1.20) 3.45 (1.98) 0.001
  ≤ 4 cm 109 78 0.000
  > 4 cm 16 42

Fig. 3   Box-plot of placental 
thickness in patients with PAS 
disorders and patients with 
normal placentas. The mean 
placental thickness was signifi-
cantly higher in patients with 
PAS disorders
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CI 0.960–0.989) and 0.981 (95% CI 0.9640–0.990), 
respectively.

Multiple logistic regression analysis showed that prior 
CS, placenta previa, and placental thickness > 4 cm remained 
statistically significant (all p < 0.05) (Table 2). Table3 pre-
sents the accuracy, sensitivity, specificity, PPV (positve pre-
dictive value) and NPV(negative predictive value) of single 
risk factor and the combination with 3 risk factors together 
for predicting PAS disorders. For predicting PAS disorders, 
placenta previa demonstrated the highest AUC of 0.80 (95% 
CI 0.74–0.86), followed by prior CS and placental thickness 
of 0.71 (95% CI 0.64–0.77) and 0.61 (95% CI 0.54–0.68), 
respectively. A combination of all 3 risk factors demon-
strated an AUC of 0.87 (95% CI 0.83–0.92) (Fig. 4).  

Table 2   Multivariate logistic regression analysis of risk factors for 
patients with PAS disorders

Variables Multivariate analysis

OR (95% CI) p

Prior CS 0.000
 No 1
 Yes 4.65 (2.33–9.28)

Placenta previa 0.000
 No 1
 Yes 14.42 (7.23–28.73)

Placental thickness 0.009
  ≤ 4 cm 1
  > 4 cm 3.12 (1.35–7.22)

Table 3   Predictive performance 
of various risk factors for 
patients with PAS disorders

Risk factors AUC​ Accuracies (%) Sensitivities (%) Specificities (%) PPV (%) NPV (%)

Prior CS 0.71 70.75 78.30 63.20 68.03 74.44
Placenta previa 0.80 80.05 83.30 76.80 78.22 82.14
Placental thickness 0.61 61.10 35.0 87.20 73.22 57.29
Combination of all 

three risk factors
0.87 80.15 87.50 72.80 76.29 85.35

Fig. 4   ROC of prior CS, 
placenta previa, placental thick-
ness, and the combined model 
in predicting PAS disorders
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Discussion

Our study showed that placental thickness > 4 cm, placenta 
previa, and prior CS were independent risk factors for PAS 
disorders. The specificity and PPV of placental thickness 
for predicting PAS disorders were 87.20% and 73.22%, 
respectively. Increased placental thickness can be used as 
a parameter for interpreting MRI and help stratify patients 
into those at high risk for PAS disorders and those at low 
risk for it.

The consensus statement released by SAR and ESUR 
recommended a series of MRI features to suggest PAS 
disorders. However, the diagnostic value of MRI features 
significantly depends on observers’ experience from a pre-
vious report [13]. Thickening of the placenta did not reach 
enough consensus and thus was not recommended by the 
consensus, probably due to a lack of standard of the pla-
cental thickness to differentiate PAS disorders.

Li et al. reported that increased placental thickness 
(> 4.5 cm) correlated with PAS disorders using US imag-
ing [10]. Bhide et al. reported that placental thickness of 
the lower uterine segment was 5.03 cm in patients with 
PAS disorders, significantly higher than women with 
normal placentas (3.09  cm). Their study also showed 
that prior CS and placental thickness measured on US 
imaging were independent risk factors for PAS disorders 
[14]. Other studies showed that placental thickness cor-
related with blood loss in PAS disorders or antepartum 
hemorrhage [15, 16]. However, measurement of placen-
tal thickness using MRI has rarely been reported. Chen 
et al. identified the placental thickness on the uterine scar 
area > 3.8 cm using MRI as one of the independent risk 
factors for massive intraoperative hemorrhage in patients 
with placenta previa and accreta [17].

Our study showed placental thickness was 3.45 (1.98) 
cm in patients with PAS disorders using MRI, which was 
significantly higher than that in patients without the dis-
ease 2.90 (1.35) cm. Normally, the placenta is discoid with 
a thickness between 2 and 4 cm. Therefore, we adopted a 
cutoff of 4 cm in our study to determine abnormal thick-
ening of the placenta. Our study showed that placental 
thickness > 4 cm was an independent risk factor for PAS 
disorders and was very specific to predict PAS disorders. 
Normally, the placenta spreads over the uterine mucosa 
like a pancake with uniform thickness. In PAS disorders, 
the placenta is abnormally implanted in the lower uterine 
segment, cervix, or the uterine scar, where had poor vas-
cularization and subsequently limited placenta migration, 
causing abnormal thickening of the placenta [18].

The previous measurement of placental thickness has 
some limitations in using US imaging. Since previous 
studies were retrospective, the thickness of the placenta 

was measured on stored 2-D images, which may not have 
been representative of the maximal placental thickness 
[14]. The reproducibility of the measurement was also hard 
to evaluate. Discrepancies of identifying a true sagittal 
plane between different operators also raised the concern 
of reproducibility. With the ability of multiplanar imaging, 
it is relatively easy to orient the true sagittal plane of the 
placenta from MRI so that the reproducibility of the meas-
urement can be evaluated between different radiologists. 
The high reproducibility confirmed the accuracy of our 
study. However, the sensitivity of placental thickness in 
predicting PAS disorders is only 35%, this is probably due 
to a lot of overlap of placental thickness between patients 
with and without PAS disorders. Therefore, it is imprudent 
to use placental thickness alone to diagnose PAS disorders. 
A combination of MRI features and placental thickness 
may help diagnose the disease accurately, especially for 
less experienced radiologists of placental imaging.

Our study still had some limitations. Firstly, this was a 
retrospective study with a small sample size. Selection bias 
was inevitable since we mainly included patients with equiv-
ocal US findings and patients with high risk factors for PAS 
disorders. Secondly, previous studies mainly measured the 
placenta thickness in the lower uterine segment in patients 
with placenta previa. As nonprevia placenta accreta was not 
uncommon in clinical practice, we also included patients 
without placenta previa. Our measurement was made at the 
thickest portion of the placenta, which varied in the location 
of the uterus. Thirdly, we did not evaluate the diagnostic 
value of different MRI features as they were more subjective 
than the measurement of placental thickness. However, the 
presence of accepted MRI features can greatly promote the 
confidence of accurate diagnosis.

In conclusion, measurement of placental thickness from 
MRI is objective and easy to stratify patients even for less 
experienced radiologists. Placental thickness > 4 cm is cor-
related with PAS disorders. A more accurate cutoff of pla-
cental thickness in diagnosing PAS disorders is needed in 
future studies.
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