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Abstract
Objective: To compare the accuracy of different ultrasonographic modalities;
two-dimensional ultrasound (2D-US), color Doppler and three-dimensional
power Doppler (3D-PD) in the antenatal diagnosis of the morbidly adherent
placenta. Setting: Obstetrics and Gynecology Department, Faculty of Medicine, Assiut University, Assiut, Egypt. Study Design: A cross-sectional study.
Methods: All patients fulfill the inclusions criteria: gestational age > 28 weeks,
previous one or more cesarean delivery, previous uterine surgery, placenta
previa, vitally stable patient and women accepted to participate in the study
were included. All patients were evaluated using 2D-US, color Doppler and
3D-PD before delivery. The final diagnosis was established by laparotomy
and by histopathology of hysterectomy sample if hysterectomy would be
done. Results: One-hundred fifty patients were enrolled in the study. 2D-US
has higher sensitivity (86.96%) than 2D color Doppler (84.06%) and 3D-PD
(79.71%) in the diagnosis of placenta accreta. On the other hand, 3D-PD has
slightly higher specificity (83.95%) than color Doppler (82.72%) and 2D-US
(77.78%) in the diagnosis of placenta accreta. The most sensitive parameter in
2D-Us was the loss of retroplacental sonolucent zone (86.96%). As regards
color Doppler, the most sensitive parameter was the hypervascularity of the
uterine-bladder interface (84.06%). Tortuous vascularity with chaotic branching
was the most sensitive parameter in 3D-PD with a sensitivity of 82.61%. Conclusions: The use of 3D power Doppler with both 2D-US and color Doppler
as complementary techniques could improve the antenatal diagnosis or exclusion of morbidly adherent placenta.
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1. Introduction
Adherent placenta, including placenta accreta, placenta increta, and percreta,
occurs as a result of placental villi penetrating the myometrium through a defect
in the decidua basalis. It is a major cause of obstetric hemorrhage and is thus
associated with increased maternal morbidity and mortality [1].
Comstock et al., 2004 reported that ultrasound examination during the second
and third trimesters provides the most reliable data to be used in diagnosing
placenta accreta [2]. The incidence of placenta accreta has increased with the
rising number of cesarean deliveries. Current estimates indicate a 25% to 50%
incidence of placenta accreta in patients with placenta previa and prior cesarean
delivery (CD) [3]. The risk of placenta accreta is 3%, 11%, 40%, 61% and 67% for
the first, second, third, fourth and fifth or greater repeat cesarean deliveries, respectively [4]. Besides advanced maternal age and multiparity, reported risk factors include any condition resulting in myometrial tissue damage followed by a
secondary collagen repair, such as previous myomectomy, and endometrial defects due to vigorous curettage resulting in Asherman syndrome [5], submucous
fibroids, thermal ablation [6], and uterine artery embolization [7].
Prenatal diagnosis of placenta accreta can help minimize the complication rate
by enabling a surgeon to plan for the type of resources needed at the time of delivery which include obstetric anesthesia, appropriate surgical expertise, available blood products, and cell saver technology, possibly interventional radiology
for uterine artery embolization, and postoperative intensive care.
A normal placental attachment site is characterized by a hypoechoic boundary
between the placenta and the bladder. The ultrasonographic features suggestive
of placenta accreta include irregularly shaped placental lacunae (vascular spaces)
within the placenta, thinning of the myometrium overlying the placenta, loss of
retroplacental clear space, protrusion of the placenta into the bladder, increased
vascularity of the uterine serosa-bladder interface, and turbulent blood flow
through the lacunae on Doppler ultrasonography [8] [9].
Therefore, the aim of the current study was to compare the accuracy of different ultrasonographic modalities; two-dimensional ultrasound (2D-US), color
Doppler and three-dimensional power Doppler (3D-PD) in the antenatal diagnosis of morbidly adherent placenta.

2. Patients and Methods
This is a cross-sectional study conducted at Advanced Fetal Care Unit, Women’s
Health Hospital, Assiut University, Egypt between 1/1/2016 to 31/1/2018 and included 150 patients fulfilling the inclusions criteria: gestational age > 28 weeks,
previous one or more CD, previous uterine surgery, placenta previa, vitally staDOI: 10.4236/ojog.2019.94041
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ble patient and women accepted to participate in the study. Exclusion criteria
were primigravida, patient not vitally stable or in attack of bleeding and those
refused to participate in the study.
Data collection:
Data were recorded in a sheet include hospital number of the case, age, education, residence, occupation, consanguinity, gravidity, parity, previous pregnancy
complications, gestational age, height, weight, and educational level.
Test methods:
We enrolled all women with placenta previa diagnosed by abdominal ultrasound after 28 weeks of gestation at the obstetric outpatient clinic or inpatient
obstetric department of the aforementioned hospital. The study was approved by
the Ethical Committee of Faculty of Medicine, Assiut University. All participants
signed a written consent after reading the patient information sheet or having it
read upon her.
Women with placenta previa found eligible for the study underwent an abdominal ultrasound, and the whole placenta was scanned in a systematic fashion
using 2D-US, color Doppler ultrasound, and 3D-PD ultrasound. The placenta
was imaged with a sufficient bladder volume to clearly visualize the serosa-bladder
interface, and the angle of insonation will be kept as low as possible. The resistance index of flow within the abnormal lacunae and any newly formed vessels
over the serosa-bladder border was measured in at least three different locations
to obviate selection bias, with the lowest value being used for analysis.
On gray-scale ultrasound imaging, we considered the presence of at least two
of the following characteristics to indicate focal placenta accreta and the presence of all of the following characteristics to indicate total placenta accreta:
1) Complete loss of the retroplacental sonolucent zone.
2) Irregular retroplacental sonolucent zone.
3) Thinning or disruption of the hyperechoic uterine serosa-bladder interface.
4) The presence of focal exophytic masses invading the urinary bladder.
5) The presence of abnormal placental lacunae [10].
Likewise, the diagnosis of placenta accreta was regarded as positive when any
two of these power Doppler criteria is present and the presence of all of the following characteristics to indicate total placenta accreta:
1) Diffuse or focal lacunar flow pattern.
2) Sonolucent vascular lakes with turbulent flow typified by high velocity
(peak systolic velocity > 15 cm/s) and low resistance waveform.
3) Hypervascularity of the uterine-bladder interface with abnormal blood vessels linking the placenta to the bladder.
4) Markedly dilated vessels over the peripheral subplacental region [10].
Then we examined patients by 3D-PD. To analyze the angioarchitecture of the
lower uterine segment and placenta, we carried out a 3D-PD examination targeted to this region. Three to five 3D volumes were obtained in automatic
sweeps using a motorized curved-array transducer while the women hold their
breath. To interpret the data consistently, the settings of power, pulse repetition
DOI: 10.4236/ojog.2019.94041
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frequency, gain and wall motion filter were maintained for all examinations at
100%, 0.9 kHz, −5.4 and low2, respectively. Offline image analysis will be performed using either the ultrasound platform (4D Views; Medison X8 Seoul,
South Korea). Two views were successively evaluated: the lateral view was used
to observe the intraplacental vasculature and serosa-bladder complex along the
sagittal axis of the maternal pelvis, and the basal view illustrated the serosa-bladder interface in a 90˚ rotation of the lateral view (observing from the direction of the bladder).
Since the abundant neovascularization of the uteroplacental region is a notable feature of placenta accreta, we further analyzed the patterns of placental vasculature in an attempt to differentiate between placenta previa totalis and focal
placenta accreta. We made the diagnosis of placenta previa without accreta when
the following 3D-PD criteria were demonstrated:
1) In the basal view, the vessels in the uterine serosa-bladder border were discretely arranged.
2) In the lateral view, both cotyledonal (fetal villous) circulation and intervillous (maternal) circulation were essentially parallel to each other, and perpendicular to the decidual plate.
3) The cotyledonal and intervillous circulations were separately distributed.
4) The cotyledonal circulation was longer and more apparent than the intervillous circulation.
Conversely, the diagnosis of placenta accreta and its variants was regarded as
positive if at least two of the following 3D-PD criteria is illustrated in the lateral
view and the presence of all of the following characteristics to indicate total placenta accreta:
1) Intraplacental hypervascularity.
2) Inseparable cotyledonal and intervillous circulations.
3) Tortuous vascularity with “chaotic branching”. “Chaotic branching” is defined as vessels growing irregularly, with tortuous courses, varying calibers, and
complex vessel arrangement, as seen in the tumoral vessels in ovarian malignancies. Furthermore, the basal view reveals numerous coherent vessels involving
the serosa-bladder interface [10].
The sure diagnosis was established by Laparotomy and by histopathology of
hysterectomy sample if hysterectomy would be done.
Sample size calculation:
Sample size was calculated using Epi-info program assuming that: Power of
the study set at 80%, Level of significance set at 5% (P = 0.05), Confidence interval 95%, Underlying population prevalence of placenta accreta in patients with
placenta previa established from the previous studies was 0.9% [3], Predetermined specificity of 2D-US and color Doppler from previous studies about 80%
and acceptable increase in specificity after using 3D-PD is 10%. Accordingly, the
sample size was set as 150 patients.
Statistical analysis:
Data were revised and analyzed by computer program SPSS (version 22). Data
DOI: 10.4236/ojog.2019.94041
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were expressed as descriptive number and percent (%) of each variable and analytic data were expressed as mean ± SD. Chi-square test was used as a test of significance. P-value < 0.05 was considered to be significant. We calculated sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) according to Receiver operating characteristic (ROC) for 2D-US, color
Doppler and 3D-PD Ultrasonography features.

3. Results
After exclusion of 13 patients not met our inclusion criteria, 150 patients were
enrolled in the final analysis of the results.
Table 1 shows that 34% of cases were from rural areas and 66% of cases from
urban areas, about one-fifth of cases (19.3%) were illiterate, 74% of cases were
housewives as regard occupation. The mean age of cases was 28.91 ± 5.26 and
the mean body mass index was 28.08 ± 4.87.
Table 2 shows a statistically significant difference in the final diagnosis of
placenta accreta with increase gravidity, increase parity, increase the number of
previous CDs and increase the number of living children. No statistically significant difference between the final diagnosis of placenta accreta and the number
of previous abortions.
Table 3 shows that 2D-US has slightly higher sensitivity (86.96%) than 2D
color Doppler (84.06%) and 3D-PD (79.71%) in the diagnosis of placenta accreta.
On the other hand, 3D-PD has slightly higher specificity (83.95%) than 2D color
Doppler (82.72%) and 2D-US (77.78%) in the diagnosis of placenta accreta.
Table 1. The basal characteristics of the study participants.
No. (150)

%

<30

78

52.0

≥30

72

48.0

Age: (years)

Mean ± SD (Range)

28.91 ± 5.26 (18.0 - 42.0)

Residence:
Urban

51

34.0

Rural

99

66.0

Working

39

26.0

Not working

111

74.0

Illiterate

29

19.3

Basic education

23

15.3

Secondary

48

32.0

High education

50

33.3

Occupation:

Education:
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Consanguinity:
Yes

90

60.0

No

60

40.0

Employee

74

49.3

Farmer

65

43.3

Skilled worker

11

7.3

Illiterate

22

14.7

Basic education

5

3.3

Secondary

45

30.0

High education

78

52.0

Smoker

114

76.0

Non-smoker

36

24.0

Normal

44

29.3

Overweight

41

27.3

Obese

65

43.3

Husband occupation:

Husband education:

Husband smoking:

Body mass index: (BMI)

Mean ± SD (Range)

28.08 ± 4.87 (19.0 - 37.0)

Table 2. Relationship between final diagnosis of placenta accreta and obstetric history of
the study participants.
Final diagnosis
No placenta
accreta

Focal placenta
accreta

Total placenta
accreta

No.

%

No.

%

No.

%

2-3

38

46.9

15

29.4

0

0.0

4-5

23

28.4

17

33.3

10

55.6

>5

20

24.7

19

37.3

8

44.4

1-2

45

55.6

20

39.2

0

0.0

3-4

26

32.1

23

45.1

12

66.7

5 or more

10

12.3

8

15.7

6

33.3

None

56

69.1

28

54.9

11

61.1

One

13

16.0

11

21.6

4

22.2

P-value

Gravidity:
0.003*

Parity:
0.001*

Number of abortions:

DOI: 10.4236/ojog.2019.94041

410

0.557

Open Journal of Obstetrics and Gynecology

M. Hussein et al.
Continued
Two or more

12

14.8

12

23.5

3

16.7

One

31

38.3

16

31.4

0

0.0

Two

26

32.1

13

25.5

3

16.7

Three or more

24

29.6

22

43.1

15

83.3

<3

45

55.6

25

49.0

2

11.1

≥3

36

44.4

26

51.0

16

88.9

Number of previous cesarean
sections:
0.001*

Number of living children:
0.003*

*Statistically significant difference.

Table 3. Sensitivity, specificity, positive predictive value, negative predictive value, accuracy and area under the curve of different ultrasonographic modalities in the antenatal
diagnosis of morbidly adherent placenta.
Sensitivity Specificity

PPV

NPV Accuracy AUC

2D-ultrasound:
Loss of retroplacental sonolucent zone

86.96

50.62

60.0

82.0

67.33

0.688

Irregular retroplacental sonulcent
zone

85.51

59.26

64.1

82.8

71.33

0.724

Abnormal placental lacunae

76.81

82.72

79.1

80.7

80.00

0.798

Thinning or disruption of hyperechoic
serosa-bladder interface

75.36

81.48

77.6

79.5

78.67

0.784

Presence of focal exophytic masses
invading the urinary bladder

28.99

100.00

100.0

62.3

67.33

0.645

Initial diagnosis

86.96

77.78

76.9

87.5

82.00

0.824

Color Doppler:
Diffuse or focal lacunar flow pattern

81.16

77.78

75.7

82.9

79.33

0.795

Sonolucent vascular lakes with
turbulent flow

81.16

81.48

78.9

83.5

81.33

0.813

Hypervascularity of the
uterine-bladder interface

84.06

49.38

58.6

78.4

65.33

0.667

Markedly dilated vessels over the
peripheral sub-placental region

71.01

90.12

86.0

78.5

81.33

0.806

Initial diagnosis

84.06

82.72

80.6

85.9

83.33

0.834

Intra-placental hypervascularity

79.71

80.25

77.5

82.3

80.00

0.800

Inseparable cotyledonal and
intervillous circulations

76.81

82.72

79.1

80.7

80.00

0.798

Tortuous vascularity with chaotic
branching

82.61

92.59

90.5

86.2

88.00

0.876

Initial diagnosis

79.71

83.95

80.9

82.9

82.00

0.818

3D-Power Doppler:

The most sensitive parameter in 2D-Us was the loss of retroplacental sonolucent zone (86.96%) (Figure 1). As regards color Doppler, the most sensitive paDOI: 10.4236/ojog.2019.94041
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rameter was the hypervascularity of the uterine-bladder interface (84.06%) (Figure
2). Tortuous vascularity with chaotic branching was the most sensitive parameter in 3D-PD with a sensitivity of 82.61% (Figure 3).

Figure 1. Receiver operating characteristic (ROC) curve for loss of retroplacental sonolucent zone in the diagnosis of placental accrete.

Figure 2. Receiver operating characteristic (ROC) curve for the presence of hypervascularity of the uterine-bladder interface by color Doppler in the diagnosis of placental accreta.
DOI: 10.4236/ojog.2019.94041
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Figure 3. Receiver operating characteristic (ROC) curve for the presence of tortuous
vascularity with chaotic branching by 3D-PD in the diagnosis of placental accrete.

4. Discussion
Ultrasonography with grayscale and color Doppler imaging is the first recommended modality for diagnosing morbidly adherent placenta [11]. Although
more elaborate forms of imaging are promising in defining the topography of
the placenta, such as 3-dimensional Doppler and volume contrast ultrasound,
validation studies, as well as generalized applicability of technique, are lacking
[10].
A recent meta-analysis of 23 studies explored the contribution of these ultrasound parameters to the overall prediction of morbidly adherent placenta and
found a promising sensitivity of 91% and specificity of 97% [12]. A logical next
step in predicting morbidly adherent placenta by ultrasound is to determine the
significance of each ultrasound finding to estimate the probability of invasion
based on a multi-parametric analysis. Rac et al., 2014 developed a predictive equation for the probability of invasion based on a combination of ultrasound parameters and clinical characteristics in a cohort study of the women at increased
risk for placental invasion [13].
In the present study, the mean age of the patients was 28.91, and this was in
accordance with Cali et al., 2013 [10]. Also, a statistically significant difference of
final diagnosis of placenta accreta with increase gravidity, increase parity, increase the number of previous cesarean sections and increase the number of living children was detected and this was in accordance with Silver et al., 2006 [4].
In the present study, for 2D-US, loss of retroplacental sonolucent zone has the
highest sensitivity of 86.96% yet an unsatisfactory PPV 60%. Hence, despite detecting more true positives, its reliability in confirming placenta accreta is low,
DOI: 10.4236/ojog.2019.94041
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and thus it might lead to more unnecessary hysterectomies. In the current study
the most effective 2D-US criteria was irregular retroplacental sonolucent zone
with NPV of 82.8 and this in accordance with Cali et al., 2013 [10] while the
most effective 2D color Doppler criteria was sonolucent vascular lakes with turbulent flow with NPV of 83.5% and this was against Cali et al., 2013 [10] whose
study showed that hypervascularity of the serosa bladder interface had the highest NPV.
The present work suggested that as regard 2D-US, loss/irregularity of retroplacental sonolucent zone between placenta and uterus should not be used as a
single diagnostic criterion, but should be combined with other criteria with
greater PPV as low PPV for loss/irregularity of retroplacental sonolucent zone
between placenta and uterus 60%, 64.1% respectively was detected. Moreover,
the data suggested that the lack of loss/irregularity of clear space might help to
exclude the diagnosis of morbidly adherent placenta because they had the highest NPV.
This was supported by Finberg and Williams, 1992 [14] and Comstock, 2011
[15] who underlined that loss/irregularity of retroplacental sonolucent zone between placenta and uterus accounts for the majority of false positives and this
criterion should not be used by itself to make a diagnosis. This suggested that if
the retroplacental sonolucent area between the placenta and the uterus was preserved, morbidly adherent placenta was unlikely to occur with high NPV of 82%,
82.8% respectively.
The current work showed that the presence of focal exophytic masses invading the urinary bladder had the highest PPV of 100%. This was in agreement
with Moniem et al., 2015 [16] but against Shih et al., 2009 [17] and Pilloni et al.,
2016 [18] studies which showed that thinning or disruption of hyperechoic serosa-bladder interface had the highest PPV of 100% and 77.8% respectively
while irregular retroplacental sonolucent zone had the highest NPV of 82.8%
and this was in accordance with Pilloni et al., 2016 [18], but against Shih et al.,
2009 [17] and Moniem et al., 2015 [16] whose study showed that disruption of
serosa-bladder interface had the highest NPV of 73% and 84.1% respectively.
In the present study, sonolucent vascular lakes with turbulent flow had the
highest NPV of 83.5%, and this was in accordance with Finberg & Williams,
1992 [14] and Pilloni et al., 2016 [18], but this was against Shih et al., 2009 [17]
whose study showed that diffuse or focal lacunar flow pattern had the highest
NPV of 75%.
In the current study, tortuous vascularity with chaotic branching by 3D-PD
had the highest PPV and NPV of 90.5%, 86.2% respectively and this was against
Moniem et al., 2015 [16] who showed that intra-placental hypervascularity has
the highest PPV and NPV of 50% and 100% respectively. Shih et al., 2009 [17]
study showed that tortuous vascularity with chaotic branching by 3D-PD had
the highest PPV of 100% while intra-placental hypervascularity has the highest
NPV of 89%.
DOI: 10.4236/ojog.2019.94041
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5. Conclusion
The use of 2D-US has the highest NPV and sensitivity followed by the use of 2D
color Doppler in the diagnosis of the morbidly adherent placenta, while the use
of 3D-PD has the highest PPV and specificity followed by the use of 2D color
Doppler in the diagnosis of the morbidly adherent placenta. Therefore, the use
of 3D power Doppler with both 2D-US and color Doppler as complementary
techniques could improve the antenatal diagnosis or exclusion of morbidly adherent placenta.
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