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Abstract
Aim: The accuracy of ultrasound findings in predicting the incidence of morbidly adherent placenta has 
been evaluated previously. In this study, we assessed the sensitivity and specificity of different quantitative 
findings of color Doppler and grayscale ultrasonography in predicting morbidly adherent placenta. Material 
and methods: In this prospective cohort study, all pregnant women over 20 weeks of gestational age with 
anterior placenta and a history of previous cesarean section were evaluated for inclusion. Various ultrasound 
findings were measured. The non-parametric receiver operating characteristic curves, the area under the 
curve, and the cut-off values were assessed. Results: A total of 120 patients were ultimately included for 
analysis, of whom 15 had morbidly adherent placenta. The two groups were significantly different regarding 
the number of vessels. Based on color Doppler ultrasonography, in predicting the morbidly adherent placenta, 
more than two intraplecental echolucent zones with color flow had 93% and 98% sensitivity and specificity, 
respectively. According to grayscale ultrasonography, more than thirteen intraplacental echolucent zones 
had the sensitivity and specificity of 86% and 80% in predicting morbidly adherent placenta, respectively. 
Echolucent zone >11 mm at non-fetal surface had a sensitivity of 93% and a specificity of 66% in detecting 
morbidly adherent placenta. Conclusions: According to the results, the quantitative findings of color Doppler 
ultrasound have considerable sensitivity and specificity in detecting morbidly adherent placenta. More than 
two echolucent zones with color flow are recommended as the main diagnostic parameter indicating the 
presence of morbidly adherent placenta with a sensitivity of 93% and a specificity of 98%.
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Introduction

Morbidly adherent placenta (MAP) is characterized by abnormal 
placental implantation and invasion of chorionic villi into the uter-
ine myometrium leading to incomplete separation or non-separa-
tion of placenta from the uterine wall during labor. It is one of the 
most serious pregnancy complications that may lead to post-partum 
hemorrhage, uterine perforation, and infection(1). 

MAP remains undiagnosed before delivery in one-half to two-thirds 
of all cases. The prenatal diagnosis of MAP is vital to prevent the as-

sociated maternal and neonatal morbidity and mortality, and to per-
form appropriate risk assessment and adequately plan for delivery(2). 
The incidence of MAP is rapidly increasing along with the upward 
trend in cesarean delivery, which is proposed as a major risk factor 
for MAP in subsequent deliveries(3,4). 

The first-line imaging modality for screening and diagnosing MAP 
is ultrasound evaluation, which is used routinely because of its low 
cost and wide availability; however, its diagnostic criteria and ac-
curacy are still under investigation(5,6). Magnetic resonance imaging 
(MRI) has also shown high sensitivity and specificity in predicting 
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MAP and can be used as an additional effective modality for cases 
with inconclusive ultrasound findings(6).

According to a meta-analysis, ultrasound criteria, including the loss 
of subendometrial echolucent zone or the presence of abnormal pla-
cental lacunae, were highly sensitive and specific when performed 
by skilled operators(7). The predictive value of ultrasound criteria has 
been assessed in several studies(5,6,8); however, there is not enough 
evidence for the sensitivity and specificity of quantitative ultrasound 
findings in detecting MAP.

Placental lacunae are defined as vascular structures with different 
sizes and shapes in placental parenchyma, and have been proposed 
as one of the primary indicators of MAP on ultrasonography(8). Al-
though the presence of vascular lakes is not significantly related with 
MAP, these structures are detected as intrauterine echolucent areas 
similar to lacunae. Color Doppler turbulent flow of the lacunae has 
also shown diagnostic value but there is no clear quantitative defini-
tion in this regard(9,10).

Despite advances in imaging modalities, there is no single diagnos-
tic technique with 100% accuracy for predicting MAP because of 
variability across the studies. In this study, we quantitatively defined 
ultrasound findings and evaluated their accuracy in predicting 
MAP.

Materials and methods

In this prospective cohort study, all the consecutive patients with 
anterior placenta and a history of at least one previous cesarean sec-
tion who were referred to the Ghaem hospital, Mashhad, Iran, for 
routine prenatal screening by ultrasound between 2020 and 2021 
were evaluated. All the enrolled patients signed written informed 
consent forms. The exclusion criteria were patients who did not 
observe their follow-up appointment sessions and those who gave 
birth in other hospitals. The study was approved by Ethics Commit-
tee of Mashhad University of Medical Sciences (approval number 
971407). 

Ultrasound evaluations were performed using a Medison V20 unit 
and a 5 MHz probe to assess the presence and extent of echolucent 

zones within the placenta. To examine the diagnostic value of the 
echolucent area, the number and maximum size of echolucent zones 
at different sites of the placenta were measured and recorded in each 
case using grayscale and color Doppler ultrasound. The echolucent 
zone was defined as any echolucent area >5×5 mm, including the 
venous lake or lacuna. The vessels were defined as blood vessels tra-
versing more than 50% of the placental thickness. The number of 
detected echolucent zones was measured at various placental sites 
including the intraplacental (enclosed in the placenta), non-fetal 
surface (between uterus and placenta), fetal surface, fetal to non-
fetal extended, and total (sum of all the detected echolucent zones in 
any part of the placenta) in each patient. 

We also examined all the patients by color Doppler ultrasound. To 
adjust the color box (region of interest), the color gain was set at 
the highest level without any aliasing artifact, and the pulse repeti-
tion frequency (PRF) was also set at 11–14 cm/s. After adjusting 
the color box and color gain, the number of echolucent zones with 
blood  flow, vessels, and vascularity of the posterior placenta was 
measured (Fig. 1).

All the patients were referred to a gynecologist and delivered at the 
Ghaem hospital. The presence or absence of adhesions during de-
livery was recorded by a surgeon. In cases with cesarean section or 
hysterectomy, data regarding the type of adhesion (accreta, increta 
or percreta) were recorded according to pathology. Ghaem Hospital 
Information System (HIS) was used to retrieve relevant information 
on patients’ maternity. 

The independent t-test was used to compare the quantitative variables 
with normal distribution, and the Mann-Whitney test was employed 
to compare the non-normally distributed quantitative variables. 
The chi-square or Fisher’s test was used to compare the qualitative 
variables. A p value <0.05 was considered significant. Then, the ap-
propriate cut-off point for the variables was determined using SPSS 
26 software and ROC curve diagram. The sensitivity and specificity 
of the primary ultrasonography parameters were also obtained. The 
census method was used for sample size, and data were analyzed us-
ing SPSS 26 software. The non-parametric receiver operating char-
acteristic (ROC) curves and the area under the curve (AUC) were 
evaluated using the method proposed by Delong et al.(11) to assess the 
diagnostic accuracy of the measured ultrasound parameters. 

Fig. 1. Echolucent areas with color flow
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Results

A total of 120 pregnant women gave birth at the Ghaem hospital 
during the study period. MAP was detected in 15 out of 120 cases. 
Patients had a mean age of 33.47 ± 4.7 years (range: 23–43). The 
median of the numbers of previous cesarean sections and abortions 
were 2 and 0, respectively. 

Based on the pathology report, cases with MAP included four sub-
jects with placenta accreta (26.6%), seven subjects with placenta 
increta (46.6%), and four subjects with placenta percreta (26.6%). 
Twelve cases with MAP had a cesarean section with hysterectomy 
(80%), and three patients had cesarean section without hysterec-
tomy (20%). The placenta was attached to the uterus in 11 cases 
(73.3%), and to the bladder in four cases (26.6%). 

There was a significant difference between two groups (i.e. cases 
with MAP compared to cases without MAP) regarding the num-
ber of vessels in the placenta, size and number of echolucent zones 
with/without color flow at various sites, including the fetal surface 
(p value = 0.002), non-fetal surface (p value <0.001), fetal to non-
fetal extended surface (p value = 0.004), and enclosed in placenta 
surfaces (p value <0.001). The difference in total numbers of echolu-
cent zones was also significant (p value <0.001). Subjects with MAP 
had an average of 5.53 ± 1.68 intraplacental vessels traversing more 
than 50% of placental thickness, compared to normal subjects with 
an average of 2.39 ± 2 (p value <0.001) (Tab. 1).

The diagnostic accuracy of the number of echolucent zones at the 
intraplacental, fetal, non-fetal, fetal to non-fetal extended surfaces 
and sum of all the detected echolucent zones in any part of the pla-
centa in predicting MAP was measured using ROC curve analysis. 

The total number of echolucent zones had the largest ROC AUC 
(AUC = 0.85). 

ROC curve diagram and AUC related to the diagnostic accuracy of 
the largest size of echolucent zones at different sites in predicting 
MAP was also measured. The size of the largest echolucent zone at 
non-fetal site had the highest AUC (AUC = 0.80). 

The ROC curve regarding the accuracy of the number of echolucent 
zones with color flow at different evaluated sites was measured as 
well. The number of echolucent zones with color flow at the fetal and 
non-fetal surfaces had an AUC >0.80. However, the total number of 
echolucent zones with flow (sum of the number of echolucent zones 
at all the evaluated surfaces) had an AUC = 0.99. 

Table 2 summarizes the cut-off values of the ultrasound criteria with 
the highest AUC as well as estimated sensitivity and specificity. Fig-
ure 2 shows the ROC curve of ultrasound criteria with the highest 
diagnostic accuracy for predicting MAP. The total number of echo-
lucent zones with color flow had the highest AUC.

Discussion

Early antenatal detection of MAP is vital for guiding maternal coun-
seling, managing the delivery plans, and reducing the associated 
risk of maternal and fetal morbidity and mortality. In this study, the 
predictive accuracy of ultrasonographic criteria in detecting MAP 
was evaluated. In some previous studies, vascular lacunae, loss of 
the normal hypoechoic retroplacental zone, abnormal vessels at 
the bladder-myometrium interface, and bladder invasion were the 
examined ultrasonographic criteria for predicting the incidence of 

Tab. 1.  Comparison of the two study groups regarding the number of vessels in the placenta, size and number of echolucent zones with/without color flow 
at different sites

Variables
Patients with morbidly 
adherent placenta  
(mean ± SD)

Patients without morbidly 
adherent placenta
(mean ± SD)

P value

Size of the largest echolucent areas at the fetal surface (mm) 21.3 ± 8.1 15.42 ± 11.68 0.001

Size of the largest echolucent areas at the non-fetal surface (mm) 19.4 ± 7.04 9.21 ± 10.64 <0.001

Size of the largest echolucent areas extended to both surfaces (mm) 21 ± 15.3 7.77 ± 14.41 <0.001

Size of the largest echolucent areas enclosed in placenta (mm) 16.93 ± 7.34 11.63 ± 7.60 0.01

Size of the largest echolucent area at any site (mm) 29.4 ± 8.4 21.66 ± 12.83 0.004

Number of echolucent areas at the fetal surface 4.86 ± 2.89 2.49 ± 2.08 <0.001

Number of echolucent areas at the non-fetal surface 3.53 ± 3.39 1.11 ± 1.29 <0.001

Number of echolucent areas extended to both surfaces 1.0 ± 0.84 0.40 ± 0.87 0.001

Number of echolucent areas enclosed in placenta 9.06 ± 2.40 5.10 ± 4.26 <0.001

Total number of intraplacental echolucent areas* 18.40 ± 6.78 9.12 ± 6.45 <0.001

Number of echolucent areas with flow at the fetal level 1.86 ± 1.55 0.06 ± 0.28 <0.001

Number of echolucent areas with flow at the non-fetal level 1.4 ± 1.24 0.08 ± 0.39 0.01

Number of echolucent areas with flow extended to both surfaces 0.73 ± 0.70 0.04 ± 0.25 <0.001

Number of echolucent areas with flow enclosed in placenta 4.33 ± 5.12 0.06 ± 0.31 <0.001

Total number of intraplacental echolucent areas with flow* 7 ± 3.6 0.24 ± 0.76 <0.001

Number of vessels in placenta 5.53 ± 1.68 2.39 ± 2 <0.001

* Sum of all the detected echolucent zones in any part of the uterine
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MAP(8,12). However, in the present study, we evaluated these ultra-
sound criteria quantitatively. The diagnostic criteria included the 
number and size of echolucent areas at different locations as well as 
the number of detected vessels. The predictive value of these diag-
nostic criteria was assessed quantitatively, and the cut-off value was 
also measured for these factors. 

Results of the current study showed that more than two echolucent 
zones with flow (by color Doppler ultrasound) in the placenta had 
the highest sensitivity and specificity (93% and 98%, respectively) 
in diagnosing MAP. Similarly, more than 13 echolucent zones in 
the placenta has gained the highest sensitivity and specificity in 
predicting MAP based on grayscale ultrasound (86% and 80%, re-
spectively). Gao et al. designed a scoring system based on patients’ 
characteristics and ultrasonography for predicting placenta accreta 
spectrum. In this study, subplacental hypervascularity, number of 
abnormal lacunae ≥3, extreme subplacental hypervascularity, and 
lacuna maximum dimension ≥2 cm received 1, 2, 3, and 5 points, re-
spectively(13). Our results indicated that the number of echolucent ar-
eas with/without flow was the main predictive ultrasound criterion 
of MAP; however, the site of echolucent areas in the placenta did not 
have a significant diagnostic value. Moreover, the number of vessels 
traversing more than 50% of the thickness of placenta was signifi-
cantly higher in patients with MAP, compared to normal subjects. 

The relationship between echolucent areas and the incidence of 
MAP was assessed quantitatively in a similar study that showed all 
the patients with placenta percreta to have more than six lacunae 
with turbulent flow(9). Some other research groups also reported a 
strong association between the number of intraplacental echolucent 
areas and the incidence of MAP. The frequency of diffuse lacunar 
flow pattern was reported to be linked to the prediction of adherent 
placenta. Based on these studies, the presence of numerous intrapa-
renchymal lacunar vascular spaces within the placenta is a separate 
risk criterion for placenta accreta and these findings are consistent 
with our results(14–19).

Our results were also consistent with the study by Tovbin et al. who 
also used a scoring system and proposed Doppler flow as a highly ef-
ficient predictor of MAP. They also recommended the combination 
of the number of placental lacunae and obliteration of hypoechoic 
uteroplacental demarcation as the most effective ultrasound crite-
rion directly correlated with MAP(20). In a meta-analysis, the accu-
racy of color Doppler in diagnosing invasive placentation was evalu-
ated(21). In this study, color Doppler abnormalities were reported to 
have the best predictive accuracy among different ultrasound signs, 
which was in line with our results. In another meta-analysis, ultra-
sound evaluation revealed a considerable diagnostic accuracy in 

predicting abnormally invasive placentation but its diagnostic value 
in determining the severity of invasion needs to be further studied. 
According to the five related studies pooled in this meta-analysis, the 
presence of lacunar flow was significantly associated with the occur-
rence of placenta accreta, increta, and percreta, and had high sensi-
tivity and specificity for identifying placenta accreta and increta(17). 

Based on the findings, the size of the largest echolucent zone at non-
fetal surface was a significant predictor of MAP. At the non-fetal 
surface, the size of the largest echolucent zone >11  mm had 93% 
sensitivity in predicting the incidence of MAP with 66% specificity, 
which was considerably low compared to the number of echolucent 
zones.

In the study by Calì et al., identifying extensive hypervascular ap-
pearance (a group of discretely distributed vessels) at uterine serosa-
bladder interface using 3D power Doppler was also reported in the 
cases of MAP(9). The number of coherent vessels visualized on 3D 
power Doppler was proposed as the main diagnostic criterion of 
placenta accreta with high sensitivity and specificity. This was simi-
lar to our result regarding the significant difference in intraplacental 
vascularity between groups with and without MAP(9,22). The diag-
nostic accuracy and predictive value of subplacental and uterovesi-
cal hypervascularity have also been reviewed in some other previous 
studies(13,23). 

Previous investigations have evaluated the diagnostic value of gray-
scale ultrasound in predicting MAP. The presence of placental la-
cunae has been suggested as one of the most significant criterion 
in grayscale ultrasound for predicting MAP; however, the high-
est reported sensitivity was 82.72%(22,24,25). In our study, more than  
13 echolucent areas at the intrauterine level based on grayscale ul-
trasound were representative of MAP with the sensitivity and speci-
ficity of 86% and 80%, respectively.

Tab. 2.  Sensitivity and specificity of echolucent areas in predicting morbidly 
adherent placenta

Variables Amount Sensitivity Specificity

Total number of 
intraplacental echolucent 
areas with flow

>2 0.93 0.98

Total number of 
intraplacental echolucent 
areas

>13 0.86 0.80

Size of the largest echolucent 
area in non-fetal part

>11 0.93 0.66

Fig. 2.  Diagnostic accuracy of the total number of echolucent zones (blue), total 
number of echolucent zones with color flow (yellow), and the largest size 
of echolucent zones (green) in predicting morbidly adherent placenta 
using ROC curve analysis
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The use of accurate and reproducible definitions for echolucent ar-
eas in the placenta with/without flow is one of the strengths of this 
study. Another strength is that we evaluated the accuracy of the size 
of echolucent zones and their number as well as their color flow at 
different sites of placenta in predicting MAP. However, our research 
also had certain limitations. The number of patients with confirmed 
MAP was low, so further studies with larger sample sizes and longer 
periods of study time are recommended. 

Conclusion

According to the results obtained in the study, quantitative ultraso-
nographic criteria, including the number of echolucent zones with/
without flow and the size of the largest echolucent zone, showed sig-
nificant sensitivity and specificity in diagnosing MAP.

Conflict of interest

The authors do not report any financial or personal connections with 
other persons or organizations which might negatively affect the contents 
of this publication and/or claim authorship rights to this publication.

Author contributions

Original concept of study: FSA, FT, AMA, NS, FST, FK, ME, SM, BA. 
Writing of manuscript: FSA, AMA. Analysis and interpretation of 
data: ME. Final approval of manuscript: FSA, FT, AMA, NS, FST, FK, 
ME, SM, BA. Collection, recording and/or compilation of data: FK, 
SM, BA. Critical review of manuscript: FT, NS, FST, BA.

References

1. Lin Q, Li B, Chen S, Lin C, Lin Z, Zhang F et al.: Application of scanning magnetic 
resonance imaging in the diagnosis of prenatal placental implantation and related 
care. Scanning 2022: 4883989.

2. Ali H, Chandraharan E: Etiopathogenesis and risk factors for placental accreta 
spectrum disorders. Best Pract Res Clin Obstet Gynaecol 2021; 72: 4–12.

3. American College of Obstetricians and Gynecologists, Society for Maternal-Fetal 
Medicine: Obstetric care consensus no. 7: placenta accreta spectrum. Obstet Gy-
necol 2018; 132: e259–e275.

4. Habek D, Karadjole VS, Knežević F, Marton I, Ivanišević M.: Morbidly adherent 
placenta in the first trimester with consecutive hysterectomy. Z Geburtshilfe Neo-
natol 2022; 226: 339–342.

5. Xia H, Ke S-C, Qian R-R, Lin J-G, Li Y, Zhang X: Comparison between abdominal 
ultrasound and nuclear magnetic resonance imaging detection of placenta accreta 
in the second and third trimester of pregnancy. Medicine 2020; 99: e17908.

6. Hong S, Le Y, Lio KU, Zhang T, Zhang Y, Zhang N: Performance comparison of 
ultrasonography and magnetic resonance imaging in their diagnostic accuracy of 
placenta accreta spectrum disorders: a systematic review and meta-analysis. In-
sights Imaging 2022; 13: 50.

7. Jauniaux E, Bhide A: Prenatal ultrasound diagnosis and outcome of placenta pre-
via accreta after cesarean delivery: a systematic review and meta-analysis. Am J 
Obstet Gynecol 2017; 217: 27–36.

8. Romeo V, Sarno L, Volpe A, Ginocchio MI, Esposito R, Mainenti PP et al.: US 
and MR imaging findings to detect placental adhesion spectrum (PAS) in patients 
with placenta previa: a comparative systematic study. Abdom Radiol 2019; 44: 
3398–3407.

9. Calì G, Giambanco L, Puccio G, Forlani F: Morbidly adherent placenta: evalua-
tion of ultrasound diagnostic criteria and differentiation of placenta accreta from 
percreta. Ultrasound Obstet Gynecol 2013; 41: 406–412.

10. Ahmed HAK, Ahmed AA-E, Ahmed KA, Sakr AI: Accuracy of MRI vs ultrasound 
in the diagnosis of placental adhesive disorder. Al-Azhar Assiut Med J 2020; 18: 
317–324.

11. DeLong ER, DeLong DM, Clarke-Pearson DL: Comparing the areas under two 
or more correlated receiver operating characteristic curves: a nonparametric ap-
proach. Biometrics 1988; 44: 837–845.

12. Budorick NE, Figueroa R, Vizcarra M, Shin J: Another look at ultrasound and 
magnetic resonance imaging for diagnosis of placenta accreta. J Matern Fetal Neo-
natal Med 2017; 30: 2422–2427.

13. Gao Y, Gao X, Cai J, Han F, Xu G, Zhang X et al.: Prediction of placenta accreta 
spectrum by a scoring system based on maternal characteristics combined with 
ultrasonographic features. Taiwan J Obstet Gynecol 2021; 60: 1011–1017.

14. Yang J, Lim YK, Kim HS, Chang KH, Lee JP, Ryu HS: Sonographic findings of 
placental lacunae and the prediction of adherent placenta in women with placenta 
previa totalis and prior Cesarean section. Ultrasound Obstet Gynecol 2006; 28: 
178–182.

15. Hamada S, Hasegawa J, Nakamura M, Matsuoka R, Ichizuka K, Sekizawa A et al.: 
Ultrasonographic findings of placenta lacunae and a lack of a clear zone in cases 
with placenta previa and normal placenta. Prenat. Diagn. 2011; 31: 1062–1065.

16. Finberg HJ, Williams JW: Placenta accreta: prospective sonographic diagnosis in 
patients with placenta previa and prior cesarean section. J Ultrasound Med 1992; 
11: 333–343.

17. Pagani G, Cali G, Acharya G, Trisch I-T, Palacios-Jaraquemada J, Familiari A et al.: 
Diagnostic accuracy of ultrasound in detecting the severity of abnormally invasive 
placentation: a systematic review and meta-analysis. Acta Obstet Gynecol Scand 
2018; 97: 25–37.

18. Comstock CH, Bronsteen RA: The antenatal diagnosis of placenta accreta. BJOG 
2014; 121: 171–181; discussion 181–182.

19. Maruthappa M, Lee Y, Wong SF, Shanthi S, Pyingkodi M: A review on placenta 
inefficiencies and complications analysis with ultrasound images. Materials Today: 
Proceed 2020.

20. Tovbin J, Melcer Y, Shor S, Pekar-Zlotin M, Mendlovic S, Svirsky R et al.: Pre-
diction of morbidly adherent placenta using a scoring system. Ultrasound Obstet 
Gynecol 2016; 48: 504–510.

21. D’Antonio FD, Iacovella C, Bhide A: Prenatal identification of invasive placenta-
tion using ultrasound: systematic review and meta‐analysis. Ultrasound Obstet 
Gynecol 2013; 42: 509–517.

22. Shih J, Palacios Palacios Jaraquemada JM, Sy YN, Shyu MK, Lin CH, Lin SY et al.: 
Role of three‐dimensional power Doppler in the antenatal diagnosis of placenta 
accreta: comparison with gray‐scale and color Doppler techniques. Ultrasound 
Obstet Gynecol 2009; 33: 193–203.

23. Gulati A, Anand R, Aggarwal K, Agarwal S, Tomer S: Ultrasound as a sole modal-
ity for prenatal diagnosis of placenta accreta spectrum: potentialities and pitfalls. 
Indian J Radiol Imaging 2021; 31: 527–538.

24. Comstock CH, Love Jr JJ, Bronsteen RA, Lee W, Vettraino IM, Huang RR et al.: 
Sonographic detection of placenta accreta in the second and third trimesters of 
pregnancy. Am J Obstet Gynecol 2004; 190: 1135–1140.

25. Hussein M, Ramadan Abd MF, Abu-Elhassan AM, Abbas AM, Youssef AEA: Eval-
uation of different ultrasonographic modalities in the diagnosis of morbidly adher-
ent placenta: a cross-sectional study. Open J Obstet Gynecol 2019; 9: 405–416.


	Button 45: 
	Button 58: 
	Button 59: 
	Button 60: 
	Button 61: 
	Button 62: 
	Button 63: 
	Button 64: 
	Button 65: 


