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Figure 3. Thickening of the arcuate arteries behind 
the placenta. The vessels are shown to be tortu-
ous with abundant blood flow, making an irregular-
shaped mass (arrow). P, placenta; B, bladder.

Figure 1. Unclear boundaries between the placenta 
and the uterus (two arrows), irregular intraplacental 
lacunae (arrow). P, placenta; B, bladder.

blood flow in the arcuate arteries. Suspicious 
placenta implantation areas were identified.

MRI examination: Pregnant women entered the 
equipment headfirst, lying on their back or side 
and breathing calmly. T2-weighted images were 
acquired in the coronal, sagittal and axial 
planes of the middle and lower abdomen and 
the pelvis; T1-weighted images were acquired 
in the axial plane; Diffusion weighted images 
were acquired in the axial plane. Scan series 
were acquired using a Siemens Avanto 1.5T 
superconductive MRI scanner (Siemens 
Healthcare GmbH, Erlangen, Germany) with a 
6-channel phased-array coil.

Diagnostic criteria

Placenta accreta was defined by clinical criteria 
at the time of delivery and by pathologic find-
ings. Ultrasound and MRI examinations were 
conducted and their results reviewed by 2 
sonographers and 2 radiologists respectively, 
both of whom had over 5 years of experience 
working on diagnosing placenta abnormalities. 
They were blinded to the clinical diagnosis and 
were asked to mark image features based on 
the diagnostic criteria below and provide inter-
pretations. The interpretations can be classi-
fied into 3 types: 1) conclusive; 2) suggestive; 
3) negative. Two sonographers or radiologists 
needed to provide one final interpretation 
agreed by both after discussion when there 
was a disagreement. The result was considered 
to be positive if the final interpretation provided 
by the two sonographers was suggestive of, or 
conclusive for placenta accreta. The MRI result 
was considered to be positive if the final inter-
pretation provided by the two radiologists was 
suggestive or conclusive.

Ultrasound diagnostic criteria: The ultrasound 
features considered to be consistent with pla-
centa accreta included the following: (1) 
Placental thickening; (2) Intraplacental lacu-
nae: visualization of multiple liquid dark areas 
(vein lakes) in various sizes and shapes in the 
placenta (Figure 1); (3) Thinning or disappear-
ance of the retroplacental hypoechoic zone: 
when the sound beam is aligned with the tan-
gent line, the myometrial hypoechoic zone at 

Figure 2. Irregular intraplacental lacunae (arrow); 
disappearance of the retroplacental hypoechoic 
zone, thinning of the myometrium (cross). Chorionic 
villi invasion of the uterus serosa confirmed at deliv-
ery. P, placenta. 
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Table 3. Agreement of Ultrasound (US) and 
MRI Diagnostic Results 

MRI
Kappa

+ –
US + 59 2 0.79 

– 22 295

Table 2. Agreement of Ultrasound (US) and 
MRI Results with Comprehensive Clinical and 
Pathological Results

Gold standard
Kappa

+    –
US + 55 6 0.85 

– 10 307
MRI + 58 23 0.75 

– 7 290

Figure 4. Both the MRI sagittal image (A) and coronal image (B) show local 
thinning of the myometrium and local invasion of placental tissues into the 
myometrium (arrows). Placental implantation into the lower myometrium of the 
anterior uterine wall confirmed at delivery. P, placenta.

placental attachment site is shown as thinned 
or absent (Figure 2); (4) Discontinuity in the 
bladder serosa: when the implanted placenta 
penetrates the myometrium and reach the 
serosa, if the implantation site is at the anterior 
uterine wall and behind the bladder, the hyper-
echoic band of the bladder serosa adjacent to 
the uterus disappears and irregular anechoic 
structures protruding into the bladder can also 
be seen; (5) Irregular blood flow signals in the 

ages show intraplacental low-signal-intensity 
bands; (4) Heterogeneous signal intensity in 
the placenta; (5) Multiple thickened tortuous 
vessels in the placenta; (6) Bulging of the lower 
uterine segment. 

Comprehensive clinical and pathological crite-
ria: In placenta accreta, the placenta is closely 
adherent to the endometrium and surgically 
uncontrollable hemorrhage occurs when 
attempted to remove; In placenta increta, the 
placental tissues that have invaded the myo-
metrium have to be removed through curet-
tage; In placenta percreta, it is visible to the 
naked eye that the placental tissues have 
invaded the entire endometrium and even the 
adjacent organs outside of the uterus [8].

Statistical analysis

The data in this study were processed and ana-
lyzed with the Stata12.0 (StataCorp, College 
Station, TX, USA). Compared against the gold 
standard of comprehensive clinical and patho-
logical diagnosis, we evaluated the sensitivity, 
specificity, positive predictive value, negative 
predictive value and accuracy of ultrasound 
and MRI features for the diagnosis of placenta 
accreta. The Kappa statistic was used to evalu-
ate the agreement of MRI and ultrasound 

basal portion of the placen-
ta: the blood flow of the 
arcuate arteries in the ret-
roplacental myometrium is 
shown as interrupted, ab- 
sent or an irregular-shaped 
mass (Figure 3). 

MRI diagnostic criteria: 
Currently, there are no con-
sistent MRI diagnostic cri-
teria for placenta accreta. 
Lim PS [7] has reported the 
following diagnostic fea-
tures (Figure 4A, 4B): (1) 
Local blurring and disap-
pearance of the low-signal-
intensity band between the 
placenta and the myome-
trium; (2) Local protrusion 
of the high-signal-intensity 
placenta tissues into the 
low-signal-intensity myome- 
trium; (3) T2 weighted im- 
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results; The chi-square test was used to evalu-
ate the difference of the MRI and ultrasound 
results as well as each ultrasound and MRI  
feature. P<0.05 was considered statistically 
significant. 

Results

Sixty-five women were ultimately found to have 
placenta accreta and were confirmed through 
clinical or surgical pathology. Clinical informa-
tion is shown in Table 1. 

Agreement between US and MRI

The diagnosis was correct in 95.8% of cases 
with ultrasonography and in 92.1% with MRI. 
Agreement of ultrasound and MRI results with 
comprehensive clinical and pathological results 
is shown in Table 2. There was a high level of 
agreement between ultrasound and clinical 
results (Kappa≈0.85). There was also a high 
level of agreement between MRI and clinical 
results (Kappa≈0.75). Agreement of ultrasound 
and MRI results for the diagnosis of placenta 
accreta is shown in Table 3. There was a high 
level of agreement between the two diagnostic 
methods (Kappa≈0.79). There was a statisti-
cally significant difference between the posi-
tive rate of ultrasound and MRI tests (x2≈15, P 
<0.05).  

Ultrasound and MRI features 

In order to identify the ultrasound and MRI fea-
tures with the highest accuracy, we re-evaluat-
ed the ultrasound and MRI images with at least 
one indicator of placenta accreta (n=83). The 
sensitivity, specificity and accuracy of ultra-
sound and MRI features are summarized in 
Table 4.

Four image features of placenta accreta were 
significantly different from those of a normal 
placenta (P<0.01). They are as follows: 
Discontinuity in the bladder serosa; Local pro-
trusion of high-signal-intensity placental issues 
into the low-signal-intensity myometrium; 
Multiple thickened tortuous vessels in the pla-
centa; Uterine bulging. 

Ultrasound image features identified are as fol-
lows in the order of high to low accuracy: 
Irregular blood flow signals in the basal portion 
of the placenta (91.6%), Intraplacental lacunae 
(88%), placental thickening (83.1%), thinning or 
disappearance of the hypoechoic retroplacen-
tal myometrial zone (75.9%). Irregular blood 
flow signals in the basal portion of the placenta 
had the highest sensitivity (91.4%) with a speci-
ficity of 92%; Discontinuity in the bladder sero-
sa had the best specificity (100%), but a low 
sensitivity (36.2%).  

Table 4. Ultrasound and MRI features

n=83 TP FP P Sen Spe PPV NPV Ac
Ultrasound Features
    Intraplacental lacunae 52 4 0.752 89.7 84.0 92.9 77.8 88.0
    Thinning or disappearance of the hypoechoic retropla-
cental zone

44 6 0.118 75.9 76.0 88.0 57.6 75.9

    Placental thickening 46 3 0.061 81.0 88.0 94.0 66.7 83.1
    Irregular bloodflow signals in the basal portion of the 
placenta

53 2 0.450 91.4 92.0 96.4 82.1 91.6

    Discontinuity in the bladder serosa 21 0 <0.01 36.2 100.0 100.0 40.3 55.4
MRI Features
    Local blurring or disappearance of the low-signal-intensi-
ty interface between the placenta and the myometrium

48 20 0.100 82.8 20.0 70.6 33.3 63.9

    Local protrusion of the high-signal-intensity placental 
tissues into the low-signal-intensity myometrium

17 1 <0.01 29.3 96.0 94.4 36.9 49.4

    Dark intraplacental bands on T2-weighted images 45 12 1.000 77.6 52.0 78.9 50.0 69.9
    Heterogeneous intraplacental signal intensity 39 8 0.054 67.2 68.0 83.0 47.2 67.5
    Multiple thickened tortuous vessels in the placenta 12 4 <0.01 20.7 84.0 75.0 31.3 39.8
    Uterine bulging 19 4 <0.01 32.8 84.0 82.6 35.0 48.2
TP=True positives, FP=False positives, Sen=sensitivity, Spe=specificity, PPV=positive predictive value, NPV=negative predictive 
value, Ac=Accuracy.
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Figure 5. ROC for each ultrasound feature and combinations of multiple fea-
tures. IL, Intraplacental lacunae; TDHR, Thinning or disappearance of the hy-
poechoic retroplacental zone; PT, Placental thickening; IBS, Irregular blood 
flow signals in the basal portion of the placenta; DBS, Discontinuity in the 
bladder serosa; Traditional, Diagnosis made based on the experience of so-
nographers.

MRI features identified are as follows in the 
order of high to low accuracy: Dark intraplacen-
tal bands on T2-weighted images (69.9%), het-

The ROC results of each MRI feature and their 
combinations are shown in Figure 6. The upper 
left point (with the highest Youden index and 

Figure 6. ROC for each MRI image feature and combinations of multiple fea-
tures. LBD, Local blurring or disappearance of the low-signal-intensity inter-
face between the placenta and the myometrium; LP, Local protrusion of the 
high-signal-intensity placental tissues into the low-signal-intensity myome-
trium; DIB, Dark intraplacental bands on T2-weighted images; HI, Heteroge-
neous intraplacental signal intensity; MTTV, Multiple thickened tortuous ves-
sels in the placenta; UB, Uterine bulging; Traditional, Diagnosis made based 
on the experience of radiologists.

erogeneous signal intensity 
within the placenta (67.5%), 
local blurring or disappear-
ance of the low-signal-inten-
sity interface between the 
placenta and the myometri-
um (63.9%). Local blurring or 
disappearance of the low- 
signal-intensity interface be- 
tween the placenta and the 
myometrium had the best 
sensitivity (82.8%) but a low 
specificity (20%). Local pro-
trusion of high-signal-intensi-
ty placental issues into the 
low-signal-intensity myome-
trium had the best specificity 
(96%) but a low sensitivity 
(29.3%).

Using the comprehensive 
clinical and surgical patholo-
gy diagnosis as the gold stan-
dard, we performed Recei- 
ver Operating Characteristics 
(ROC) analysis on each ultra-
sound image feature and vari-
ous combinations of multiple 
features. The upper left point 
(with the highest Youden 
index and maximum distance 
from the reference line) was 
selected as the cut-off value 
(Figure 5). The combination 
of the following three features 
has the largest Area Under 
Curve value (AUC, 0.93): 
Intraplacental lacunae, Thin- 
ning or disappearance of  
the hypoechoic retroplacen-
tal zone and Irregular blood 
flow signals in the basal por-
tion of the placenta. This 
value is higher than the AUC 
of any single feature (maxi-
mum 0.916) as well as the 
AUC (0.8541) of the tradition-
al diagnosis method based 
on the experience of sono- 
graphers.
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maximum distance from the reference line) was 
selected as the cut-off value. The combination 
of all 6 features listed in this article has the 
largest AUC (0.7917). This result is better than 
the AUC (maximum 0.6762) of any single fea-
ture as well as the AUC (0.54) of the traditional 
diagnosis method based on the experience of 
radiologists.

Discussion

Because ultrasound is relatively economical 
and easy to implement, it is still the preferred 
method for the diagnosis of placenta accreta. 
There is still controversy over the safety of MRI 
examination for pregnant women and fetuses. 
It is mainly used when the implantation site is 
beyond the field of view of ultrasound and diffi-
cult to image, or as an auxiliary and comple-
mentary technique when ultrasound results 
suggest possible placenta accreta [9]. The 
American College of Radiology and the 
European Medicines Agency do not recom-
mend having enhanced MRI scans during preg-
nancy unless necessary [10, 20]. The Food and 
Drug Administration of United State does not 
recommend having MRI scans in the first 3 
months of pregnancy. Some studies suggested 
that except for the first 3 months, patients can 
have MRI scans any time during their pregnan-
cy and that the technique is relatively safe for 
pregnant women and fetuses [11, 12]. And with 
its multidimensional imaging, good resolution 
for soft tissues and better ability to identify 
abnormal placenta and its depth of implanta-
tion without the influence of patient’s weight 
and the position of the placenta, MRI can be 
used as a regular examination method [13].

Previous studies have reported different results 
about the sensitivity and specificity of ultra-
sound and MRI for the diagnosis of placenta 
accreta. Some studies suggested that the dif-
ference between the sensitivity and specificity 
of these two diagnostic methods was statisti-
cally significant [15]. Other studies concluded 
that the difference was not statistically signifi-
cant [16]. A systematic review showed that the 
sensitivity of ultrasound was 77%-88% and the 
specificity was 93%-96%, the sensitivity of MRI 
was 72%-90% and the specificity was 81%-
94%, and that the difference was not statisti-
cally significant [17]. In this study, the sensitivi-

ty and specificity of ultrasound for the diagnosis 
of placenta accreta were 84.6% and 98.1% 
respectively, and those of MRI were 89.2% and 
92.7% respectively. The results were consistent 
with what the systematic review reported [17]. 
Both the ultrasound sensitivity and specificity 
for placenta accreta were higher than the ultra-
sound sensitivity (74%-81%) and specificity 
(93%-95%) reported by Lu M [19]. In this study, 
we found a good agreement between the diag-
nostic results of the two methods using the 
Kappa statistic. There was a statistically signifi-
cant difference between the positive rate for 
placenta accreta of the two methods.

In this study, the false negative rate of ultra-
sound for placenta accreta (15.4%) was slightly 
higher than that of MRI (10.8%). An analysis of 
cases false-negatively diagnosed by ultrasound 
but detected by MRI showed that in these 
cases, the placenta implanted on the posterior 
uterine wall and the ultrasound was not able to 
identify the depth of implantation [18]. Also the 
false positive rate of MRI examination for pla-
centa accreta in this study was slightly high 
(7.3%). The positive predictive value was 71.6%. 
As in the literature [8, 14, 17, 21], we found that 
the best PPV (90%) of MRI occurred when intra-
placental T2 dark bands were associated with 
the disappearance of the myometrium and 
uterine bulging. After a retrospective analysis 
of the 23 MRI false-positively-diagnosed cases, 
we found that 20 of the cases showed blurring 
of the placenta-myometrium interface, local 
thinning of the myometrium, intraplacental T2 
dark bands and tortuous blood vessels. A diag-
nosis of placenta invasion was made for these 
cases. The misdiagnosis may have been 
caused by placenta enlargement and myome-
trium thinning during middle and late pregnan-
cy, making it difficult to observe the dark band 
of the placenta-myometrium interface. A retro-
spective analysis of the 23 misdiagnosed MRI 
cases showed that 18 cases had homogeneous 
intraplacental signal intensity, 17 cases had 
few T2 dark bands and tortuous vessels, 13 
cases showed no local thickening of tortuous 
vessels between the placenta and myometri-
um. Therefore, radiologists should carefully 
examine the interface of the placenta and myo-
metrium in patients during middle and late 
pregnancy and pay attention to indirect signs in 
order to reduce misdiagnosis.
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In summary, there is a high level of agreement 
between ultrasound and MRI in ruling out the 
diagnosis of placenta accreta in patients at 
risk. Ultrasound is relatively economical and 
easy to implement; it is still the preferred  
method. MRI, as a complementary technique, 
appears to be helpful when the patients consid-
ered to be suggestive but not conclusive at 
ultrasound, especially when the placenta 
implants on the posterior uterine wall. In these 
situations, MRI can be used to confirm or refute 
the diagnosis of placenta accreta. Combining 
multiple image features can improve the accu-
racy of diagnosis for both ultrasound and MRI. 
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