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Chapter 6
Diagnosis of Placenta Accreta Spectrum: 
Clinical and Radiological Diagnosis 
of Placenta Accreta Spectrum 
and the Ability of Sonographic and MRI 
Findings to Predict Definitive Diagnosis

Bahram Salmanian, Scott A. Shainker, Alireza A. Shamshirsaz, 
and Ahmed A. Nassr

 The Importance of Antenatal Diagnosis of Placenta 
Accreta Spectrum

Placenta accreta spectrum (PAS) is a morbid complication of pregnancy that results 
from abnormal placentation. In normal pregnancies, the placenta implants in the 
decidua functionalis and does not adhere to deeper tissue. It is suggested that the 
partial or complete lack of decidua basalis results in deeper penetration of the pla-
centa into myometrium. Placental growth may be limited to the endometrium 
(accreta), to myometrium (increta), or through the uterine serosa (percreta) with 
possible involvement of the adjacent organs. As the cesarean delivery rate increases, 
there has been a significant increase in the incidence of PAS. In the United States, 
the incidence increased from 1 in 30,000 pregnancies in 1960s to 1 in 2500 pregnan-
cies in the 1990s [1] and further increased to 1 in 533 pregnancies in the early 2000s 
[2]; however, the true incidence of PAS is unknown as the reported rates vary when 
outside of research protocols [3].
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Clinically, the major risk factors for PAS are history of prior cesarean delivery 
and presence of placenta previa in the current pregnancy. The risk significantly 
increases with history of multiple cesarean deliveries [4–6]. Other risk factors 
include prior uterine surgery other than cesarean [7–9], assisted reproduction [10, 
11], advanced maternal age [12], and multiple gestation [13, 14].

The predominant morbidity associated with PAS is obstetric hemorrhage, often 
requiring multiple units of blood products and possible complications with massive 
transfusion [15–18]. Due to the complexity of surgery at the time of delivery, often 
accompanied with hysterectomy, surgical complications are common with PAS 
including bladder and ureteral injury, or other adjacent organs in the pelvis.

Maternal outcomes are improved when there is antenatal diagnosis prior to deliv-
ery, allowing for advanced planning and multidisciplinary management of PAS to 
achieve favorable outcomes [19, 20]. This reflects the importance of accurate diag-
nostic tools particularly in the high-risk population to avoid poor outcomes. PAS 
evaluation should be considered in any pregnancy with placenta previa and history 
of cesarean delivery. Antepartum diagnosis helps with planning the delivery under 
optimized conditions in experienced centers.

 Antenatal Diagnosis: Role of Different Imaging Modalities

Definitive diagnosis is by histopathologic evaluation of the placenta and the uterus. 
However, imaging techniques are available that can predict PAS with good accu-
racy. The sensitivity of ultrasound in the diagnosis of PAS is reported to be 90.7% 
(95% CI, 87.2–93.6) with specificity of 96.9% (95% CI, 96.3–97.5%) [21]. However, 
the experience of the operator and clinician reading the ultrasound images may 
affect the accuracy. In addition, recent study suggests intraoperative clinical diagno-
sis correlate well with pathologic diagnosis [22].

In 1982, the first documented antenatal diagnosis of PAS was reported [23]. 
Since then several markers are introduced to improve the accuracy of PAS diagnosis 
on imaging. Advances in technology also have helped for better visualization and 
description of various markers and findings. Ultrasound is the modality of choice 
for the evaluation of the placenta. It is safe during pregnancy, it provides easy avail-
ability with real-time assessment, and it is the cheapest diagnostic imaging available 
compared to other tools such as MRI. There have been recent efforts to establish a 
standardized protocol for ultrasound evaluation of PAS in relation to clinical and 
pathological findings. There are several sonographic markers associated with PAS, 
and some can be seen as early as the first trimester pregnancy. For all pregnancies, 
standard of care is to evaluate placental location and implantation universally during 
the midtrimester anatomy scan. Magnetic resonance imaging (MRI) can also help 
when placenta cannot clearly be visualized on ultrasound or the findings are not 
conclusive. There are scoring systems introduced for antenatal assessment of PAS 
involving both clinical risk factors and US markers [24–26]. The presence of 
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placenta previa in patients with history of prior cesarean delivery has the most influ-
ence in these scoring systems suggested.

 First Trimester Imaging

Early in pregnancy, a gestational sac implanted in the lower uterine segment in close 
proximity to the previous uterine scar increases the risk of PAS [27, 28]. It has been 
reported that 28% of patients with PAS have low implantation of the gestational sac 
on the first trimester ultrasound [28]. Cesarean section scar pregnancy is a marker 
for PAS, and all the sonographic PAS markers described on a second or third trimes-
ter ultrasound can also be seen on a first trimester scan [29], including as anechoic 
placental areas and an irregular uteroplacental interface (Fig. 6.1) [30]. Particularly 
concerning for early PAS is when the residual myometrial thickness is less than 
5 mm at the implantation site within the previous cesarean scar; this finding increases 
the risk for need for hysterectomy if the pregnancy continues [28]. In case of cesar-
ean scar pregnancy, there are studies reporting a new sonographic sign (the cross-
over sign or COS) that can predict the severity of subsequent PAS and possibility of 
a successful pregnancy [31]. The COS is a measure of the relationship between the 
gestational sac, anterior uterine wall, and cesarean scar.

a b

c

Fig. 6.1 Ultrasound images of a first trimester pregnancy with cesarean scar implantation; (a, b) 
sagittal image of the lower uterine segment with extension of the decidua into the myometrium at 
8 weeks; (c) sagittal image of the same pregnancy at 9 weeks with formation of lacunae
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 Second or Third Trimester Ultrasound Evaluation

There are multiple ultrasound markers associated with PAS in the second or third 
trimester [26, 32]. Most of these markers are present at the time of midtrimester 
anatomy scan. Transvaginal sonography with a partially full urinary bladder is in 
particular recommended for evaluation of the lower uterine segment and vesicouter-
ine interface [33]. Color Doppler is the other imaging tool that can be helpful and 
should be used to visualize PAS-associated vascular abnormalities.

These markers include (Fig. 6.2) the following:

 1. Placenta lacunae: hypoechoic spaces with irregular margins within the placental 
tissue visible on gray scale; color Doppler often reveals a swirling of venous 
flow. The following criteria are associated with high-risk PAS:

 – Multiple lesions (>3).
 – Large size.
 – Irregular borders.
 – High velocity and/or turbulent flow within.

In patients who are higher risk for PAS with history of prior cesarean 
delivery and placenta previa, absence of lacunae has negative predictive 
values (NPV) ranging from 88% to 100% [34, 35].

 2. Irregular uteroplacental interface includes the loss of the retroplacental 
hypoechoic zone between the placenta and myometrium as well as thinning of 
the retroplacental myometrium (<1 mm):

 – This marker should be evaluated particularly along the posterior bladder wall; 
a partial or complete interruption of the uterovesical interface can often 
be seen.

 – It is important to ensure the correct angle of insonation and avoid undue pres-
sure on the abdomen or with the transvaginal ultrasound probe as this has 
been shown to obscure imaging accuracy [36].

 3. Uterine wall bulging as a result of placental tissue distorting uterine contour.
 4. Placental extrusion beyond the uterine wall:

 – This marker can represent uterine wall dehiscence as well.

 5. Bridging vessels:

 – Placental vasculature crossing from the placenta into the myometrium (and 
sometimes beyond).

 – Neovascularization at the placental implantation/invasion site is often repre-
sented as vessels crossing the uterine serosa into uterovesical space or other 
adjacent anatomic planes [37].

 – Attention is required to distinguish lower uterine segment hypervascularity 
often associated with placenta previa from bridging vessels.
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Fig. 6.2 Ultrasound markers of placenta accreta spectrum on images of lower uterine segment; (a) 
sagittal view with placenta lacunae present; (b) transverse view with placenta lacunae present; (c) 
loss of the retroplacental hypoechoic zone between the placenta and myometrium; (d, e). sagittal 
view with irregular uteroplacental interface and bulging of the placenta toward the bladder with 
loss of the retroplacental hypoechoic zone between the placenta and myometrium; (f) sagittal view 
of placental extrusion beyond the uterine wall into the bladder; (g, h) sagittal view of hypervascu-
larity of the placenta myometrium interface with bridging vessels
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If PAS is suspected, the extent of placental involvement, focal or global, and the 
depth of placental invasion, confined to the uterus or extending to the adjacent 
organs such as the bladder or parametrium, should also be evaluated.

There are other techniques that can help to improve diagnosis but are not well 
described yet. Measurement of the peak systolic velocity of placental vasculature 
has been shown to have a direct correlation with PAS; however, it lacks sensitivity 
with a low negative predictive value [38]. Three-dimensional (3D) US in combina-
tion with power Doppler may also help to better evaluate the placental-myometrial 
interface looking for hypervascularity, and tortuous vascularity with chaotic branch-
ing, and also help to better evaluate for involvement of adjacent organs [39]. 
Detection of hypervascularity of the uterine-bladder interface by 3D ultrasound is 
reported to have superior diagnostic sensitivity and specificity over 2D imaging 
with 100% positive predictive value [40]. However, 3D imaging remains a complex 
technique requiring operator expertise and may not be an available option in some 
centers.

It should be taken into account that the presence of these markers in the low-risk 
population without placenta previa or history of previous cesarean delivery may be 
hard to interpret and often does not convey an increased risk for PAS [41].

 MRI Evaluation

Additional MRI can provide similar diagnostic accuracy when compared to ultra-
sound. Due to the higher cost of MRI, it is recommended to consider MRI when 
ultrasound evaluation of the placenta is technically difficult such as in posterior 
placentation, morbid obesity, or multiple gestation [42]. Other limiting factors for 
US evaluation are operator dependency, quality of equipment used, and acoustic 
effects such as fetal position, prior scars, uterine contraction, myomas, and insuffi-
cient or excessive maternal urinary bladder filling. Overall, MRI provides similar 
detection rate compared to US for PAS diagnosis [42, 43]; however, it can provide 
more details regarding the depth of invasion and adjacent organ involvement 
[26, 44].

T2-weighted imaging is the modality for placental evaluation. The MRI markers 
for PAS include (Fig. 6.3):

 1. Dark intraplacental bands.
 2. Heterogenous signal intensity in the placenta.
 3. Focal areas of uterine bulging.
 4. Loss of the interface with adjacent organs.

Of the above markers, the first two are the most sensitive and the latter two are 
the most specific findings for PAS [45].
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Fig. 6.3 Magnetic resonance imaging and markers for placenta accreta spectrum; (a, b) dark 
intraplacental bands with heterogenous signal intensity in the placenta; (c) focal areas of uter-
ine bulging

Other MRI markers include thick T2-hypointense septa within the myometrium 
likely due to myometrial invasion, tenting of the urinary bladder, and abnormal 
vascular formation in the placenta as tortuous and enlarged spaces on T2-weighted 
sequence [45].

It is recommended that at least two of the above findings should be present to 
raise concern for PAS [46, 47]. MRI has sensitivity and specificity increases after 
24 weeks of gestation, up to 79% and 94%, respectively [48]. Although MRI is 
overall safe in pregnancy, use of gadolinium-based intravenous contrast is not rec-
ommended for possible fetal side effects [49, 50].
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 Special Considerations

• Despite ongoing efforts to improve antenatal diagnosis of PAS, PAS is often not 
diagnosed until the time of delivery. Under such circumstances, when appropri-
ate resources for managing such patients are not available, temporary closure of 
the abdomen and rapid transfer to a tertiary center with higher level of care can 
be considered as long as the patient is hemodynamically stable.

• False-positive diagnosis of PAS may introduce unnecessary perinatal morbidity. 
However, a recent study investigating the outcomes in such patients revealed 
acceptable outcomes if managed in a referral center with expertise in managing 
PAS.  The incidence of unnecessary hysterectomy was reported to be 2% or 
less [51].
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