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Placental adhesion disorder: magnetic resonance imaging 
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Abstract

Resumo

Placental adhesion disorder encompasses the various types of abnormal placentation that occur when the chorionic villi penetrate 
the uterine wall. Placenta accreta has become more common, mainly because of the increasing rates of cesarean section. Although 
ultrasound is the first-line imaging modality for evaluation of the placenta, it plays a limited role in cases of posterior placenta ac-
creta and inconclusive findings. In such cases, magnetic resonance imaging (MRI) is indicated, mainly because it is a more accurate 
means of identifying placental invasion of extrauterine structures in high-risk pregnant women. In this review article, we present the 
ten major and minor MRI features of placental adhesion disorder, as described in the international literature. In addition, we pro-
pose a template for structured reports of MRI examinations of the placenta. We have also devised a guided questionnaire in order 
to identify risk factors in patients scheduled to undergo such examinations, with the objective of facilitating the multidisciplinary 
treatment planning needed in order to minimize maternal morbidity and mortality.

Keywords: Placenta accreta; Placenta previa; Magnetic resonance imaging.

A desordem de adesão placentária é um tipo de placentação anormal que ocorre quando há penetração das vilosidades coriônicas 
na parede uterina. O acretismo placentário tornou-se mais frequente, principalmente devido às taxas crescentes de cesarianas. A 
ultrassonografia é a modalidade de imagem de primeira linha para avaliação placentária, apresentando papel limitado nos casos 
de placenta posterior e achados duvidosos. Nesses casos, a ressonância magnética (RM) está indicada e é bastante eficaz, princi-
palmente para identificar a disseminação extrauterina da placenta em gestantes de alto risco. Neste artigo de revisão apresenta-
mos os dez principais sinais de desordem de adesão placentária pela RM descritos na literatura. Junto a isso, propomos um modelo 
de relatório estruturado e um questionário direcionado com o intuito de identificar os possíveis fatores de risco da paciente a ser 
submetida ao exame de RM da placenta, atendendo às expectativas dos especialistas envolvidos no planejamento do tratamento 
multidisciplinar necessário para minimizar a morbimortalidade materna.

Unitermos: Placenta acreta; Placenta prévia; Ressonância magnética.

for placenta accreta are a previous cesarean section and 
placenta previa, less common risk factors including a his-
tory of conservative myomectomy, uterine artery emboliza-
tion, curettage, or uterine rupture(1), as well as advanced 
maternal age(5).

Research shows that the incidence of placenta accreta 
in the general population is approximately 0.9%, although 
that rate increases to 9% when there is concomitant pla-
centa previa and can be as high as 35% when there is a 
combined history of placenta previa and cesarean sec-
tion(6). In patients who have undergone more than three 
cesarean sections, the risk of invasive placenta has been 
reported to be 67%(5). Diagnosing PAD during the prena-
tal period is extremely important because the condition is 

INTRODUCTION

Placental adhesion disorder (PAD), commonly known 
as placenta accreta, is a group of disorders resulting from a 
deficiency in the decidua basalis that causes the chorionic 
villi to penetrate the myometrium(1). These disorders are 
classified according to the depth of uterine invasion by the 
trophoblastic tissue(2,3). Placenta accreta vera is the least 
invasive type of PAD, characterized by an abnormal fixa-
tion of the placenta directly in the myometrium. Placenta 
increta is characterized by partial invasion of the myome-
trium by the placenta, whereas placenta percreta is char-
acterized by full invasion of the myometrium, the placenta 
extending to or beyond the uterine serosa, in some cases 
extending to adjacent organs(3,4). The major risk factors 
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often associated with postpartum hemorrhage, emergency 
hysterectomy, maternal morbidity, and maternal mortal-
ity(1,5). Ultrasound, combined with the color Doppler 
technique, is the main diagnostic tool for evaluating an 
abnormal placenta. However, when the ultrasound find-
ings are suspicious or inconclusive, as well as in cases of 
posterior placenta, magnetic resonance imaging (MRI) is 
recommended as a supplementary imaging technique(7).

For the diagnosis of PAD, MRI has an overall sensitiv-
ity of 75–100% and a specificity of 65–100%, with negative 
and positive predictive values of 79–92% and 67.0–84.4%, 
respectively(1). The method is useful for defining lateral or 
posterior placental extension to the periuterine or parame-
trial fat pads and for detecting invasion of the bladder(5).

The objective of this article is to present the ten main 
MRI features of PAD, in order to facilitate their diagnosis. 
In addition, we propose a template for a structured report 
encompassing all of those features, as well as a question-
naire about the possible risk factors in patients who will 
undergo an MRI examination of the placenta.

MRI PROTOCOL

It is preferable that MRI examinations be performed 
1.5-T scanners, accompanied by body array coils(4). 3-T 
equipment has the advantage of providing greater signal 
intensity, however, has the disadvantage of susceptibility 
artifacts and dielectric effects(8).

To optimize the evaluation of the vesicouterine space, 
as well as to prevent motion artifacts and the patient dis-
comfort caused by bladder overdistension during the ex-
aminations, the bladder should be only partially full(2). 
The delivery of oxygen through a nasal cannula has proven 
to decrease fetal movement and to allow pregnant women 
to perform breath holds that are more prolonged and com-
fortable(9).

For the evaluation of patients with PAD, MRI sequences 
are acquired in the axial, sagittal, and coronal planes(6). The 
sequences employed include the following (Table 1): T2-
weighted single-shot fast spin echo (SSFSE)/half-Fourier 
acquisition single-shot turbo spin-echo (HASTE)/single-
shot turbo spin-echo (SSHTSE), to evaluate the uterine 
layers and placental architecture; T2-weighted fast imag-
ing employing steady-state acquisition sequence (FIESTA)/
true fast imaging with steady-state precession (TrueFISP)/
balanced fast field echo (bFFE), to reduce breathing arti-
facts and to differentiate bands with low signal intensity 
from venous lakes; and T1-weighted gradient echo (GRE) 
sequences, to identify retroplacental hematoma. Sequences 
with high temporal resolution and a good contrast-to-noise 
ratio, which eliminate the underlying fetal motion, have 
made it possible to acquire placental images of high diag-
nostic quality(7). A radiologist should monitor the test as 
it is being performed to determine whether additional se-
quences, such as coronal or sagittal oblique sequences, are 
necessary.

The first studies on the use of MRI for diagnosing PAD 
recommended the use of intravenous contrast to enhance 
the efficacy of the method(10,11), although they presented 
no robust evidence to support that recommendation. A re-
cent, important study involving a large cohort of pregnant 
women concluded that the use of paramagnetic contrast at 
any stage of pregnancy increases the risk of rheumatologi-
cal and inflammatory effects, as well as of fetal and neona-
tal death(12). Therefore, MRI scans for the investigation of 
PAD are currently performed without the use of intrave-
nous contrast.

There is no consensus regarding the ideal gestational 
age at which to perform MRI in patients with suspected 
PAD. There is evidence that MRI has very low accuracy 
(< 50%, which is considered unacceptable) when it is per-
formed before the 24th of gestation(13). However, the ac-
curacy is also low when it is performed after the 35th of 
gestation because of the accentuated myometrial thinning 
and the natural placental heterogeneity, limiting the use 
of these two MRI features. Therefore, it seems sensible to 
perform MRI between weeks 30 and 35, if possible. How-
ever, that suggestion may be subject to criticism. There are 
authors who recommend that MRI be performed between 
the 24th and 30th week of gestation, claiming that the 
placenta is naturally more homogeneous and the myome-
trium is thicker at that stage(7).

TEN MRI FEATURES OF PLACENTA ACCRETA

Numerous MRI features of PAD have been described 
in the literature. These features can be divided into major 
and minor abnormalities (Table 2), depending on whether 
the findings have a specificity above or below 80%. Such 
features include the following: abnormal uterine bulge; 
placental bulge; placental heterogeneity; placental pro-
trusion into the cervical os or other adjacent structures; 
bands with low signal intensity (dark intraplacental bands) 
on T2-weighted images, accompanied by placental recess; 
dark bands on T2-weighted images; irregular placental-

Table 1—Technical parameters.

MRI sequence*

T2 HASTE/SSFSE/SSHTSE

2DTrueFISP/FIESTA/bFFE

Fat sat T2 FSE
T1 GRE in/out
Fat sat 3D GRE T1

Plane

Axial
Coronal
Sagittal

Axial
Sagittal

Axial
Axial
Axial

TR 
(ms)

Min

6.71

5000
225
Min

TE  
(ms)

90

3.26

117
2.2/4.4

Min

Flip
angle

180

65

160
80

10/15

Slice
thickness 

(mm)

5–9

6

4
6

4.6

Matrix

256 × 192

256 × 256

256 × 192
256 × 128
224 × 160

* All sequences were acquired in 1.5-T scanners manufactured by Siemens 
AG (Berlin, Germany), GE Healthcare (Milwaukee, WI, USA), or Philips Medical 
Systems (Best, The Netherlands). TR, repetition time; TE, echo time; T2, T2-
weighted; 2D, two-dimensional; T1, T1-weighted; GRE, gradient-recalled echo; 
3D, three-dimensional.
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Table 2—Major and minor MRI features of PAD.

Feature

Major features
Abnormal uterine bulge
Placental bulge
Placental heterogeneity
Placental protrusion
Dark bands on T2-weighted images accompa-
nied by placental recess

Minor features
Dark placental bands on T2-weighted images
Irregular placental-myometrial interface
Myometrial thinning
Abnormal placental vascularity
Subserosal hypervascularity

Specificity

90.2%
90.3%
87.7%
82.4%

100.0%

71.9%
75.6%
6.5%
37.6%
73.1%

Sensitivity

79.1%
88.8%
78.6%
83.8%
56.0%

87.9%
92.0%

100.0%
93.3%
80.0%

myometrial interface; myometrial thinning; abnormal pla-
cental vascularity; and subserosal hypervascularity.

Major features
Abnormal uterine bulge

Abnormal uterine bulge can present as widening of 
the lower uterine segment. In coronal or sagittal MRI se-
quences, the uterus can have an hourglass-like appearance, 
rather than the usual inverted-pear shape(6,14) (Figure 1).

Placental bulge

Placental bulge can be classified as one of two types, 
depending on the contour of the uterus. A type I placental 
bulge is defined as a slight bulge outward into the underly-
ing myometrium when the uterine contour is intact and 
undistorted, whereas a type II placental bulge is defined as 
focal bulging with a distorted uterine contour and changes 
in the subjacent contour(14), as shown in Figure 2.

Placental heterogeneity

A normal placenta is smooth and homogeneous, with 
intermediate signal intensity in T2-weighted MRI se-
quences(1). As the pregnancy advances beyond the 32nd 
week, the placenta usually becomes heterogeneous, a phe-
nomenon referred to as “heterogeneity of placental matu-
ration”(1). With regard to imaging parameters, the hetero-
geneity of the placenta remains subjective; the placenta 
can present characteristics such as intraplacental bands 
and flow voids, together with areas of placental infarc-
tion(14), as shown in Figure 3. Up to 30% of patients with-
out placenta accreta can have this feature. It is important 
to note that placental homogeneity should be evaluated in 
T2-weighted SSFSE/HASTE/SSHTSE sequences, given 
that there is a tendency to underestimate signal homo-
geneity when T2-weighted FIESTA/TrueFISP/bFFE se-
quences are employed(11).

Placental protrusion

Placental protrusion consists of myometrial invasion 
extending to the uterine serosa or crossing the internal 
cervical os and reaching adjacent structures(6). In cases of 
placenta previa, placental protrusion through the internal 
cervical os is a reliable indication of placenta accreta (Fig-
ure 4). In cases of placenta percreta, MRI can show the 
placental tissue extending beyond the uterine serosa, all the 
way to the parametrium, bladder, or intestine(14). To pre-
vent false-positive results indicative of bladder invasion, the 
bladder should be partially full during image acquisition(2).

Dark bands on T2-weighted images accompanied  
by placental recess

Placental recess is defined as placental deformity with 
contraction of the placental surface and of the outer rim 

Figure 1. A: Sagittal T2-weighted MRI sequence 
showing a gravid uterus of normal appearance 
(inverted-pear shape) with no features of pla-
centa accreta. B: Coronal T2-weighted MRI 
sequence showing a uterus with an hourglass 
shape, suggesting a diagnosis of placental ad-
hesion disorder.
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Figure 3. Sagittal T2-weighted MRI sequence showing placental heterogeneity, 
characterized by a diffuse signal and a dark intraplacental band (arrow).

of the uterus, which takes on a wedge-shaped appearance, 
with reduced thickness(15). It is accompanied by a dark 
placental band on T2-weighted images (Figures 5 and 6), 
which is a minor feature.

Minor features
Dark placental bands on T2-weighted imaging

As previously mentioned, dark placental bands are 
nodular or linear areas of low signal intensity on T2-
weighted images(2). These bands often originate from the 

Figure 4. Sagittal T2-weighted MRI sequence showing placental protrusion into 
the internal cervical os.

basilar plate on the maternal side of the placenta and have 
a longitudinal diameter > 2.0 cm, a thickness > 1.0 cm, 
and a random distribution(6). These characteristics help 
differentiate the dark placental bands from the normal 
placental septa, which tend to be thin and smooth(1). The 
bands are believed to represent areas of fibrin deposition 
in the placenta, possibly caused by frequent hemorrhage 
and infarction. There is a correlation between the increase 
in the volume of the band and the degree of placental inva-
sion(6). If the placenta is homogeneous and has no bands, 

Figure 2. A,B: Sagittal T2-weighted MRI se-
quences showing a type II placental bulge (arrow 
in A) with a distorted uterine contour. There is 
also bulging of the posterior wall of the bladder 
caused by the placental bulge (arrow in B).
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it is unlikely that the placenta has become invasive (Fig-
ures 5 and 6).

Irregular placental-myometrial interface
The uterine-placental interface is the line of demarca-

tion between the placenta and the uterus. The complex 
into which this interface is inserted consists of three par-
allel layers: the innermost layer (the decidua); the middle 
layer (the myometrium); and the outermost layer (the 
uterine serosa). On T2-weighted MRI scans, the signal in-
tensity is low in the decidua, intermediate in the myome-
trium, and low in the uterine serosa(6). Focal thinning or 
a defect in the uterine-placental interface, particularly in 
the decidua (Figure 7), is considered a significant predic-

Figure 6. Sagittal T2-weighted MRI sequence showing placental recess and 
dark bands (star).

Figure 7. Sagittal T2-weighted MRI sequence showing a normal thin layer with 
low signal intensity between the myometrium and the placenta (white arrow) 
and an irregular placental-myometrial interface (outlined arrow).

tor of an invasive placenta(6). However, that feature can be 
nonspecific in cases of advanced gestational age and thin-
ning at the site of a previous cesarean section.

Myometrial thinning
Myometrial thinning is the loss of the normal trilami-

nar appearance of the myometrium, with preservation of 
its outer layer(14), as depicted in Figure 8.

Abnormal placental vascularity
Abnormal placental vascularity consists of disorga-

nized, tortuous, dilated intraplacental vessels with calibers 
> 0.6 cm, usually located next to dark intraplacental bands 

Figure 5. Coronal and sagittal T2-
weighted MRI sequences (A and B, re-
spectively) showing a placental recess 
(arrow) and dark bands (dotted circle).
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Figure 10. A: Sagittal T2-weighted im-
age showing subserosal hypervascu-
larity of the uterus with flow voids (ar-
rows). B: Intraoperative appearance.

Figure 8. A: Axial T2-weighted MRI sequence showing a normal trilaminar appearance of the myometrium, represented by the middle layer with high signal intensity 
whereas the outer and inner layers have low signal intensity (arrows). B: Sagittal T2-weighted sequence showing myometrial thinning with indistinct layers (arrow).

Figure 9. Sagittal T2-weighted MRI sequence showing complete placenta pre-
via accompanied by disorganized placental vascularity and vessels with cali-
bers going up to 9 mm (arrow).

on T2-weighted images. There is a probable correlation 
between the extent of abnormal placental vascularity and 
the degree of invasion, the most bizarre vasculature pat-
terns existing in cases of placenta percreta(1). The identi-
fication of abnormal vascularity relies on the comparison 
between T2-weighted images HASTE, SSFSE and SSH-
TSE sequences, in which the vessels show no flow or flow 
voids, and FIESTA/TrueFISP/bFFE sequences, in which 
the vessels return high signal intensity(6,14), as illustrated 
in Figure 9.

Subserosal hypervascularity

Subserosal hypervascularity consists of tortuous, com-
pacted vessels throughout the uterine serosa, in the lower 
uterine segment. On axial images, subserosal hypervascu-
larity appears as vessels with no flow or flow voids(14), as 
shown in Figure 10.
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STRUCTURED REPORT

A structured report offers opportunities for improv-
ing the quality of imaging methods reporting. By using 
standardized terminology, imaging findings can be com-
municated with greater clarity and objectivity, which can 
provide significant benefits for the treatment and monitor-
ing of a disease(16). At our center, we devised a structured 
report encompassing the main features of PAD described 

in the literature, in addition to the basic imaging param-
eters (Figure 11). We also devised a questionnaire that ad-
dresses possible risk factors in patients scheduled to un-
dergo MRI examination of the placenta (Table 3).

CONCLUSION

Placenta accreta has become more common, mainly 
because of increasing rates of cesarean section(7). Ultra-

Figure 11. Template for a structured report of MRI examinations of the placenta with a diagnostic hypothesis of placenta accreta.

MRI EXAMINATION OF THE PLACENTA
Method: Examination performed with multiplanar sections in the FSE and GRE sequences, T1- and T2-weighted, without intravenous injec-
tion of paramagnetic contrast medium and directed to the study of the placenta.

Clinical information:

Analysis:

Date of last menstruation:

Gestational age:

Gestation:

Fetus                ( ) Single ( ) Twin ( ) Triplets

Fetal lie                 ( ) Cephalic ( ) Breech ( ) Shoulder

Situation            ( ) Longitudinal ( ) Transversal

Fetal spine maternal orientation  ( ) Right ( ) Left ( ) Superior ( ) Inferior ( ) Anterior ( ) Posterior

Placenta:

Location     ( ) Anterior ( ) Posterior ( ) Right lateral ( ) Left lateral ( ) Fundal

Placenta previa  ( ) None  ( ) Low lying  ( ) Marginal ( ) Partial previa  ( ) Complete previa 

Distance from the most inferior placental edge to the leading margin of the internal cervical os: _____cm

Maximum placental thickness:_____cm

Placental accretism signs:                               Present   Absent

Abnormal uterine bulge (hourglass appearance)

Placental bulge

Placental heterogeneity (up to 32 weeks)

Placental protrusion (bladder/cervix/internal cervical orifice)

Dark bands on T2-weighted images accompanied by placental recess

Dark placental bands on T2-weighted imaging

Irregular placental-myometrial interface

Myometrial thinning

Abnormal placental vascularity

Subserosal hypervascularity

Fibroids: ( ) Absent ( ) Present
If present: location, type and size of the largest

Uterine cervix:
Length:_____cm

Additional findings:

Impression:
MRI study of the placenta within normal limits.
OR
Examination with signs of placental accretism.



Agostini TCF et al. / Placental adhesion disorder: ten MRI features

336 Radiol Bras. 2020 Set/Out;53(5):329–336

sound continues to be the first-line imaging modality for 
evaluating the placenta, however, in cases of posterior pla-
centa and inconclusive findings(6), MRI has shown satis-
factory accuracy,(8,17) which justifies its use to identify ex-
trauterine spread of the placenta, playing an important role 
in the diagnosis of abnormal placenta in high-risk pregnant 
women(5). Abnormal uterine bulge, placental bulge, pla-
cental heterogeneity, placental protrusion into the cervical 
os or into other adjacent structures, and dark intraplacen-
tal bands of T2-weighted images accompanied by placen-
tal recess have high specificity and are classified as major 
features.

We propose strict adherence to the protocol, along 
with the use of a guided questionnaire and a structured 
report. The objectives should be to increase the efficacy 
of MRI and to facilitate the multidisciplinary treatment 
planning needed in order to improve the care provided to 
patients with an invasive placenta, as well as to minimize 
maternal morbidity and mortality.
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Table 3—Questionnaire for patients scheduled to undergo MRI examination of 
the placenta.

1) How many times have you been pregnant?
2) How many cesarean sections have you had?
3) Have you ever had a curettage, a myomectomy, or a fibroid emboliza-
tion? 
4) Do you have any urinary or intestinal issues?


