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Introduction

At present, the pathogenesis of placenta previa remains 
unclear, and the study has indicated that the incidence 
of placenta previa is more than 10% (1). Some studies 
suggest that this condition is closely related to the age, 
number of previous cesarean deliveries, and smoking 
history of the pregnant women, while other studies have 
shown that patients with uterine-related diseases are more 

prone to placenta previa during pregnancy. During normal 
gestation, the villi on the placenta can interact with the villi 
on the endometrium to promote placenta implantation. 
Subsequently, the thickness of the endometrium increases, 
thus forming the decidua where placental villus are usually 
unable to invade the myometrium of the uterus (2); 
however, in some cases, inflammation, surgery, and dysplasia 
may cause endometrial damage in pregnant women and 
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attachment of the embryo to these damaged sites will cause 
placental villi to cross the endometrium and invade the 
myometrium, resulting in placenta accreta (3). Clinical data 
has revealed that placenta accreta could lead to coagulation 
disorders in patients, resulting in massive and potentially 
fatal hemorrhage during or after delivery (4-6). Therefore, 
timely diagnosis of placenta previa combined with placenta 
accreta is of great importance during pregnancy. At present, 
the diagnosis of placenta previa combined with placenta 
accreta occurs mainly through magnetic resonance imaging 
(MRI) and ultrasound (7,8); however, patient physique, 
placenta position, external environment and other factors 
can seriously impact diagnostic results. These issues can 
interfere with timely and effective diagnosis of placenta 
previa with placenta accreta and increase the risk of adverse 
events during pregnancy (9,10). Therefore, it is imperative 
to investigate an efficient and rapid diagnostic method 
for placenta accreta. Some studies have confirmed that 
ultrasound combined with MRI can improve efficiency 
compared to a single diagnostic method (11). This study 
intends to compare the diagnostic value of ultrasound 
combined with MRI compared with ultrasound alone and 
MRI alone in the diagnosis of placenta previa with placenta 
accreta by evaluating the accuracy, sensitivity, specificity, 
false positive and negative diagnosis rates. Ultimately, these 
investigations aim to provide a standard reference for the 
clinical diagnosis of placenta previa combined with placenta 
accreta. We present the following article in accordance with 
the STARD reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1285).

Methods

General information

Seventy patients admitted to our hospital from January 2019 
to January 2020 with placenta previa or low-lying placenta 
(of varying degrees) were selected for the study. Participant 
age ranged from 25 to 43 years old, with an average age of 
32.02±3.27 years old.

Inclusion criteria for participants: singleton pregnancy; 
second or third trimester of pregnancy; no metal implants 
in their body; physical condition met the criteria for MRI 
and ultrasound; conscious with normal communication 
ability.

Exclusion criteria for participants: state of tension, 
anxiety or tachypnea; obvious fetal movements, which 
affected the diagnosis effects; other diseases that seriously 

affected the results; refusal to cooperate with the study.
The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013) (12). This 
study was approved by the Ethics Committee of Linyi 
Central Hospital. Patients and their family were informed 
of the related contents of this study, and all subjects written 
informed consent.

Detection methods

Ultrasound examination: Patients were diagnosed using 
the GE-E8 diasonograph (GE Company, USA) and were 
informed to drink sufficient water to prior to examination 
to ensure a full bladder during imaging. Transabdominal 
ultrasonography and transvaginal probe were adopted with 
a frequency of 3.0–5.0 and 8–10 Hz, respectively. The color 
Doppler ultrasound was used to observe the lower segment 
of the uterus, including the thickness and location of the 
placenta, as well as the distribution and characteristics of 
blood flow between the posterior placental space and the 
patient’s bladder.

MRI examination: SIEMENS Aerate 1.5T MRI scanner 
was used. The placenta was taken as the center for plain 
scanning. With the long axis of the patient’s uterus as the 
reference, plain scanning was conducted in the transverse, 
sagittal and coronal planes. The scanning slice thickness 
and gap were 5 and 1 mm, respectively, while the number 
of scanning slices was between 25 and 30. The transverse 
scanning, which was perpendicular to the uterine wall, 
started from the uterine fundus to the pelvic floor to ensure 
full view of the cervix and placenta, while the sagittal and 
coronal scans (parallel to the long axis of the uterus) ensured 
full view of the uterus and cervix. Scanning sequences were 
as follows:

(I) In T2-weighted turbo spin-echo imaging (TSE/
T2WI) sequence, transverse scans were performed 
with repetition time (TR) of 3,010 ms, echo time 
(TE) of 71 ms, flip angle of 90° and 2 times of radio 
frequency (RF) excitation;

(II) In Haste/T2WI sequence, sagittal, transverse 
and coronal scans were performed with scanning 
parameters TR of 1,350 ms, TE of 91 ms, flip angle 
of 90° and 2 times of RF excitation;

(III) In True-Fisp sequence, sagittal, coronal and 
transverse scans were performed with scanning 
parameters TR of 3.8 ms and TE of 1.9 ms;

(IV) In volumetric interpolated breath-hold T1-
weighted (VIBE-T1WI) sequence, transverse scans 
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were conducted with scanning parameters TR of  
7.5 ms and TE of 2.4 ms. The slice thickness and 
gap were 3 and 1 mm, respectively;

(V) In diffusion-weighted imaging (DWI) sequence, 
transverse and sagittal scans were performed with 
b values of 600 and 800 s/mm2, TR of 2,800 ms, 
TE of 80 ms, field-of-view (FOV) 350×330, and 
bandwidth of 1,710.

Calculation methods

The results of pathological examination were treated as the 
gold standard (Table 1).

Statistical analysis

SPSS 22.0 software was used to analyze data. Measurement 
data were expressed as mean value ± standard deviation and 
tested using a t-test. Enumeration data were tested using 
the chi-square test. Results with P<0.05 were considered to 
be statistically significant.

Results

Different diagnostic methods

Pathological examination confirmed that 45 of the 70 
participants were diagnosed as implantable types (true 

positive) and 25 as non-implantable types (true negative). 
From ultrasound examination, 43 patients were classified 
as placenta previa complicated with placenta accreta, while 
27 as placenta previa. From MRI examination, 42 patients 
were classified as placenta previa complicated with placenta 
accreta, while 28 as placenta previa. From combined MRI 
and ultrasound diagnosis, 51 patients were classified as 
placenta previa complicated with placenta accreta, while 
19 as placenta previa. There were some deviations in the 
pathological examination results among the three diagnostic 
methods (Table 2).

Comparison of single ultrasound and combined diagnosis

Pathological examination results were used as the gold 
standard to compare the efficacy of ultrasound alone and 
combined ultrasound and MRI for diagnosis of placenta 
previa complicated with placenta accreta (Figure 1, Table 3).  
The results showed that the diagnostic accuracies for single 
ultrasound versus combined ultrasound and MRI were 
81.40% and 86.27%, respectively (P<0.05). Sensitivity 
for each diagnostic method was 77.78% and 97.78%, 
respectively (P<0.05) and specificity was 68.00% and 
72.00%, respectively (P>0.05). False positive diagnosis rates 
were 18.60% and 13.73%, for each method respectively 
(P>0.05) while the false negative diagnosis rates were 
37.04% and 5.26%, respectively (P<0.05).

Table 1 Calculation formula of diagnostic efficiency

Accuracy rates = (TP + TN)/(TP + TN + FP + FN) × 100%

True positive rates = TP/(TP + FN) × 100%

True negative rates = NP/(FP + TN) × 100%

False positive diagnosis rate = FP/(TP + FP) × 100%

False negative diagnosis rate = FN/(TN + FN) × 100%

TP, true positive; TN, true negative; FP, false positive; FN, false negative.

Table 2 Gold standard evaluation of different detection methods

Ultrasound
Pathological examination

MRI
Pathological examination Ultrasound + 

MRI

Pathological examination

P N S P N S P N S

P 35 8 43 P 33 9 42 P 44 7 51

N 10 17 27 N 12 16 28 N 1 18 19

S 45 25 70 S 45 25 70 S 45 25 70

P, positive; N, negative; S, summation; MRI, magnetic resonance imaging.
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Comparison of single MRI and combined diagnosis

Pathological examination results were used as the gold 
standard to compare the efficacy of MRI alone and 
combined MRI and ultrasound for diagnosis of placenta 
previa complicated with placenta accreta (Figure 2, Table 4).  
The results showed that the diagnostic accuracies for 
MRI alone versus combined MRI and ultrasound were 
77.78% and 86.27%, respectively (P<0.05). Sensitivity 
for each diagnostic method was 73.33% and 97.78%, 
respectively (P<0.05) and specificity was 64.00% and 
72.00%, respectively (P>0.05). False positive diagnosis 
rates were 21.43% and 13.73%, respectively (P>0.05) while 
false negative diagnosis rates were 42.86% and 5.26%, 
respectively (P<0.05).

Discussion

Clinical data has shown that placenta previa complicated 
with placenta accreta may lead to coagulation disorders, 
resulting in massive and potentially fatal bleeding during or 
after delivery (13,14). Other studies have also shown that 
patients with uterine-related diseases are more likely to 
develop placenta accreta during pregnancy (15,16). During 
pregnancy, the villi on the placenta can interact with the 
villi on the endometrium and promote placenta accreta. 
Recently, both MRI and ultrasound are major methods for 
diagnosing placenta previa combined with placenta accreta; 
however, these methods have certain deficiencies pertaining 
to diagnostic sensitivity and specificity (17,18). This study 
adopted the diagnostic methods of MRI, ultrasound, and 

Figure 1 Comparison of ultrasound and ultrasound + MRI 
diagnosis. The accuracy rate, true positive rate, true negative rate, 
false positive diagnosis rate and false negative diagnosis rate of 
ultrasound were 81.40%, 77.78%, 68.00%, 18.60% and 37.04%, 
while those indexes of combined diagnosis were 86.27%, 97.78%, 
72.00%, 13.73% and 5.26%. MRI, magnetic resonance imaging.

Acc
ur

ac
y r

at
es

Tru
e p

os
itiv

e r
at

es

Tru
e n

eg
at

ive
 ra

te
s

Pos
itiv

e m
isd

iag
no

sis
 ra

te

Neg
at

ive
 m

isd
iag

no
sis

 ra
te

C
om

pa
ris

on
 o

f u
ltr

as
ou

nd
 

di
ag

no
si

s 
an

d 
co

m
bi

ne
d 

di
ag

no
si

s

150

100

50

0

Ultrasound
Ultrasound + MRI

Table 3 Comparison of ultrasound and ultrasound combined MRI diagnosis

Imaging methods
Accuracy rates  

(%)
True positive rates  

(%)
True negative rates  

(%)
Positive misdiagnosis rate 

(%)
Negative misdiagnosis rate 

(%)

Ultrasound 74.29 77.78 68.00 11.43 14.29

Ultrasound + MRI 88.57 97.78 72.00 10.00 1.43

χ2 6.74 18.65 0.381 0.107 11.42

P value <0.01 <0.01 >0.05 >0.05 <0.01

MRI, magnetic resonance imaging.

Figure 2 Comparison of MRI and ultrasound + MRI diagnosis. 
The accuracy rate, true positive rate, true negative rate, false 
positive diagnosis rate and false negative diagnosis rate of MRI 
were 77.78%, 73.33%, 64.00%, 21.43% and 42.86%, respectively, 
while those indexes of combined diagnosis were 86.27%, 97.78%, 
72.00%, 13.73% and 5.26%, respectively. MRI, magnetic 
resonance imaging.
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ultrasound combined with MRI, to diagnose the presence 
of placenta previa complicated with placenta accreta in 
70 patients with placenta previa. The clinical diagnostic 
value of MRI combined with ultrasound was evaluated 
using measures of accuracy, sensitivity, specificity, false 
positive and false negative diagnosis rates. From ultrasound 
examination, 43 patients were classified as placenta previa 
complicated with placenta accreta, while 27 as placenta 
previa. From MRI examination, 42 patients were classified 
as placenta previa complicated with placenta accreta, while 
28 as placenta previa. From combined MRI and ultrasound 
diagnosis, 51 patients were classified as placenta previa 
complicated with placenta accreta, while 19 as placenta 
previa. There were some deviations in the pathological 
examination results among the three diagnostic methods.

Accurate diagnosis of patients with placenta accreta can 
reduce the risk of hemorrhage during childbirth. Some 
studies have pointed out that misdiagnosis and missed 
diagnosis can occur when ultrasound and MRI diagnosis 
are used in isolation (19,20). Einerson et al. (21) found 
that the misdiagnosis rate of placenta accreta using MRI 
was 23% and the missed diagnosis rate was approximately 
14%; additionally, only two out of 14 patients with placenta 
accreta detected by ultrasound were confirmed using MRI. 
Some studies have also shown that missed diagnosis that 
occurs when MRI or ultrasound are used in isolation may 
be related to changes in bladder filling due to inflammation, 
the thickness of abdominal fat layer, and placenta position 
(22-24). Xia et al. (25) found that combined ultrasound and 
MRI had higher sensitivity for placenta accreta diagnosis 
in the second trimester of pregnancy than ultrasound or 
MRI alone. This study also revealed that the combined 
ultrasound and MRI had significantly higher specificity 
and accuracy for the placenta accreta diagnosis either 
modality alone, reducing the risk of missed diagnosis and it 
implications.

The results of our study showed that the diagnostic 

accuracies for single ultrasound versus combined ultrasound 
and MRI were 81.40% and 86.27%, respectively (P<0.05). 
Sensitivity for each diagnostic method was 77.78% and 
97.78%, respectively (P<0.05) and specificity was 68.00% 
and 72.00%, respectively (P>0.05). False positive diagnosis 
rates were 18.60% and 13.73%, for each method respectively 
(P>0.05) while the false negative diagnosis rates were 37.04% 
and 5.26%, respectively (P<0.05). In addition, our results 
showed that the diagnostic accuracies for MRI alone versus 
combined MRI and ultrasound were 77.78% and 86.27%, 
respectively (P<0.05). Sensitivity for each diagnostic method 
was 73.33% and 97.78%, respectively (P<0.05) and specificity 
was 64.00% and 72.00%, respectively (P>0.05). False positive 
diagnosis rates were 21.43% and 13.73%, respectively 
(P>0.05) while false negative diagnosis rates were 42.86% 
and 5.26%, respectively (P<0.05).

The false negative diagnosis rate for combined ultrasound 
and MRI diagnosis was significantly lower than that of MRI 
or ultrasound diagnosis alone, which suggests combining 
these methods could reduce the probability of missed 
diagnosis and allow for improved patient management and 
reduce potentially avoidable adverse events.

In conclusion, compared with single ultrasound or MRI, 
ultrasound combined with MRI has higher accuracy and 
sensitivity in the diagnosis of placenta accreta in patients 
with placenta previa, and has a lower rate of false negative 
diagnosis. These results have important clinical implications 
for the diagnosis and timely management of this condition.
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