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A bs t rac t  

Objective: To determine the diagnostic accuracy of Doppler ultrasonography in the antenatal diagnosis of abnormal placental invasion 
secondary to placenta previa in patients visiting Dr. Ziauddin Hospital, using operative findings of cesarean section as the gold standard. 
Methodology: A cross-sectional prospective study was conducted in the Radiology department of Dr. Ziauddin Hospital from January 1, 2022, 
to June 30, 2022. A total of 271 pregnant multiparous women diagnosed with placenta previa on ultrasound were included. All patients 
underwent color Doppler ultrasound examination to assess the presence of abnormal placental invasion. The results of quantitative and 
qualitative variables, as well as abnormal placental invasions on color Doppler ultrasonography and operative findings, were recorded. 
Frequency and percentages were calculated for gravidity, abnormal placental invasions on colour Doppler USG and operative findings. 
Sensitivity, specificity, positive and negative predictive values and diagnostic accuracy of the color Doppler USG were calculated. Statistical 
analysis was performed using SPSS version 22. 
Results: The average age of the patients was 26.61 ± 4.76 years. The sensitivity, specificity, positive predictive value, negative predictive 
value, and accuracy of Doppler ultrasonography in the antenatal diagnosis of abnormal placental invasion secondary to placenta previa were 
85.1%, 93.8%, 74.1%, 96.8%, and 92.2%, respectively. 
Conclusion: It is concluded that persistent placenta previa, particularly in patients with a history of prior cesarean section, should undergo 
antenatal transabdominal Doppler ultrasound to identify abnormal utero-placental vascular flow patterns. 
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Introduction 

Placenta previa is a potentially severe obstetric 

complication where the placenta lies within the lower 

segment of the uterus, causing an obstruction to the 

cervix and, consequently, to delivery. Placenta previa is 

a serious pregnancy complication and is the most 

common cause of postpartum hemorrhage, which often 

endangers the lives of pregnant women.1 In recent 

years, an increasing number of researchers believe that 

the position of the placenta previa has a significant 

influence on pregnancy outcomes.2–3 Placenta accreta 

spectrum (PAS) is the latest term used to describe 

placenta accreta, increta, and percreta. The concept of 

"PAS disorders," introduced by FIGO in 20184, was 

initially defined by Luke et al.5 including abnormal 

adhesion and invasive placenta. 

Women with placenta previa have a risk of developing 

placenta accreta, with an approximate rate of 3%.6 Due 

to the increase in the number of cesarean deliveries, the 

prevalence of placenta accreta spectrum has also risen. 

The risk of developing placenta accreta has been 

reported to increase with each cesarean section and is 

found to be 0.24% for the first, 0.31% for the second, 

0.57% for the third, 2.13% for the fourth, 2.33% for the 

fifth, and 6.74% for the sixth or more cesarean 

deliveries, respectively.7 Other risk factors associated 

with placenta accreta spectrum include advanced 

Authorship Contribution: 1Substantial contributions to the conception or design of the work, acquisition, 2,3analysis, or interpretation of data for 
the work, Drafting the work or revising it critically for important intellectual content, 4Final approval of the version to be published. 
 
Funding Source: none 

Conflict of Interest: none 

Received: May 19, 2023 

Accepted:  Sept 14, 2023 

Original Article 

mailto:dr.sheeza.imtiaz@gmail.com


Maryam Mahmood et al  

233                                J Soc Obstet Gynaecol Pak. 2023; Vol 13. No.3  

maternal age, multiparity, previous uterine surgery, a 

female fetus, hypertensive disorders, and smoking.8-13 

MRI is also the preferred modality for detecting placenta 

accreta spectrum and is usually performed in patients 

with suspicious findings on ultrasound for confirmation 

and better visualization of the extent of involvement in 

indeterminate or equivocal cases. 

Several studies have evaluated the diagnostic accuracy 

of Doppler ultrasound and MRI of the pelvis in the 

detection of PAS. One study conducted by D'Antonio et 

al. suggested a sensitivity of 90.7% and specificity of 

96.9% for ultrasound, and a sensitivity of 94.4% and 

specificity of 84% for MRI, respectively. Another study 

conducted by Meng et al. reported a sensitivity and 

specificity of 82% and 89%, respectively, for ultrasound, 

and a sensitivity and specificity of 82% and 88%, 

respectively, for MRI. Riteau et al. reported a sensitivity 

of 100% and a specificity of 37.5% for ultrasound, while 

MRI sensitivity was 76.9% with a specificity of 50%, 

respectively. Elhawari et al. reported that the sensitivity 

of ultrasonography was 82%, with a specificity of 89%.17 

Maher et al. determined increased sensitivity and 

specificity of ultrasound compared to MRI, possibly due 

to the use of transvaginal ultrasonography.18 In high-risk 

patients with a history of multiple cesarean sections or 

previous pelvic surgery, MRI of the pelvis is also a 

valuable diagnostic modality for the antenatal diagnosis 

of placenta accreta in cases of low-lying placenta. 

However, the major disadvantage and drawback of MRI 

is its cost, and it is not readily available in all healthcare 

facilities.19 In developing countries with a low 

socioeconomic profile, the use of MRI is challenging for 

the general population due to its cost and limited 

availability of facilities.20 Therefore, the diagnosis 

typically relies on antenatal Doppler ultrasonographic 

findings, which have shown sensitivity ranging between 

82.4% and 100%, and specificity between 92% and 

96.8%.21 Considering Placenta accreta spectrum (PAS) 

as a life-threatening problem and aiming to establish a 

local perspective, this study will contribute to the 

development of management guidelines, addressing the 

current paucity of local data. The rationale of this study 

is to investigate the diagnostic accuracy of Doppler 

ultrasonography in identifying abnormal placental 

invasion, specifically in cases of placenta previa, to 

improve antenatal detection and patient outcomes. 

Methodology  

This cross-sectional prospective study was conducted in 

the Radiology department of Dr. Ziauddin Hospital from 

January 1, 2021, to June 30, 2021, following approval 

from the institutional ethical review committee of the 

institute. The sample size was determined based on a 

sensitivity of 90.7%14, specificity of 84%15, and a 

placenta previa invasion prevalence of 12.2%(109). A 

margin of error (d) of 4% for sensitivity and 10% for 

specificity, with a confidence interval of 95%, led to a 

sample size of 271 patients. Non-probability consecutive 

sampling was employed, including all pregnant 

multiparous women aged 20-40 years with a diagnosis 

of placenta previa via ultrasound. Exclusion criteria 

encompassed patients who did not provide consent, 

primigravida, women with placenta previa but a history 

of prior normal vaginal deliveries, as well as complicated 

pregnancies such as pregnancy-induced hypertension, 

gestational diabetes, and cardiac disease. Informed 

consent was obtained from all patients, and a brief 

history was collected to gather demographic information. 

All patients underwent color Doppler ultrasonography 

conducted by the radiology resident and women's 

imaging radiologist. Women with abnormal placental 

invasions identified through color Doppler 

ultrasonography were scheduled for elective cesarean 

delivery performed by an experienced senior 

gynecologist. The findings of quantitative variables (age 

and gestational age) and qualitative variables (gravidity, 

abnormal placental invasions on color Doppler 

ultrasonography, and operative findings) were recorded 

on a pre-designed form. 

Statistical analysis was carried out using SPSS Version 

22. For continuous variables such as age and 

gestational age, mean and standard deviations were 

calculated. Frequencies and percentages were 

computed for gravidity, abnormal placental invasions on 

color Doppler ultrasonography, and operative findings. 

Sensitivity, specificity, positive and negative predictive 

values, and diagnostic accuracy of color Doppler 

ultrasonography were determined. Stratification was 

performed based on age, gravidity, and gestational age. 

Post-stratification analysis of diagnostic accuracy, 

positive and negative predictive values, sensitivity, and 

specificity were conducted. 

Results  

The average age of the patients was 26.61 ± 4.76 years, 

and the mean gestational age was 31.10 ± 2.39 weeks. 

Approximately 41% of women had more than three 

previous pregnancies. The prevalence of abnormal 

placental invasions, as indicated by operative findings, 

was found in 17.3% (47 out of 271) of patients. In 217 
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patients, no abnormal placental invasion was detected, 

as shown in Table I.  

The results revealed a sensitivity of 85.1%, specificity of 

93.8%, a positive predictive value of 74.1%, a negative 

predictive value of 96.8%, and an accuracy of 92.2% for 

Doppler ultrasonography in the antenatal diagnosis of 

abnormal placental invasion secondary to placenta 

previa (Figure 1). 

 
Figure 1. Stratification of diagnostic parameters in 

different groups. 

Diagnostic accuracy of Doppler ultrasonography in the 

antenatal diagnosis of abnormal placental invasion 

secondary to placenta previa was also assessed based 

on age, gestational age, and gravidity, all of which were 

found to be at or above 90%, as reported in Table II. 

Discussion  

One of the serious and life-threatening obstetric 

complications associated with increased maternal 

morbidity and mortality is Placenta Accreta Spectrum 

(PAS), in which the placenta abnormally adheres, 

invading the myometrium or extrauterine structures. The 

PAS includes three entities: accreta, increta, and 

percreta, representing increasing degrees of invasion 

from least to most severe. Placenta accreta involves the 

superficial myometrium, placenta increta extends 

deeper into the myometrium without involving the uterine 

serosa, and placenta percreta extends through the 

serosal surface into extrauterine structures.22 

In this study, the average age of the patients was 26.61 

± 4.76 years, with a mean gestational age of 31.10 ± 

2.39 weeks. Of the patients, 32.47% resided in rural 

areas, and 67.53% resided in urban areas. In a study by 

Asghar and Naz23, the age range was between 20 and 

40 years with a mean age of 28.23 ± 4.31 years, and the 

mean gestational age was found to be 34.3 ± 1.82 

weeks. In a study by Ayati et al.24, the mean maternal 

age was 31.42 ± 4.2 years. 

The prevalence of abnormal placental invasions in this 

study was 17.3%. The sensitivity was found to be 85.1%, 

specificity 93.8%, positive predictive value 74.1%, 

negative predictive value 96.8%, and accuracy 92.2% 

for the antenatal diagnosis of abnormal placental 

invasion secondary to placenta previa on Doppler 

sonography. Similar results were reported in a study, 

with sensitivity at 86.5%, specificity at 90.24%, positive 

predictive value (PPV) at 95.7%, and negative predictive 

value (NPV) at 72.5%.24 In Sajid et al.'s study23, the 

overall sensitivity was 84.8%, specificity 93.9%, and 

positive and negative predictive values were 91.8% and 

88.5%, respectively. 

A study conducted by Finberg and Williams stated a 

sensitivity of 93% and a specificity of 79% for color 

Doppler ultrasound.25 Antenatal color Doppler 

examination has improved the diagnostic accuracy of 

conventional grayscale sonography.26-27 Lerner and 

colleagues also described a high sensitivity of 100% and 

a specificity of 94%, respectively. Similarly, Levine and 

colleagues reported a specificity and sensitivity of 92% 

and 86%, respectively.28 The results of this study are 

consistent with the study conducted by Shih et al.29 

Sensitivity Specificity PPV NPV Diagnostic
Accuracy

85.10%
93.80%

74.10%

96.80% 92.20%

Table I: Diagnostic parameters of doppler 
ultrasonography and per-operative findings. 

Doppler Ultrasound Operative Findings Total 

Positive Negative 

Positive 40 14 54 

Negative 7 210 217 

Total 47 224 271 

Table II: Stratified Diagnostic Accuracy in Placental Invasion. 

Stratification Sensitivity Specificity PPV NPV DA 

Age           

<30 years 87.80% 92.80% 72% 97.30% 91.90% 

>30 years 66.70% 100% 100% 93.80% 94.40% 

Gestational age           

<30 weeks 94.10% 93.90% 80% 98.40% 93.90% 

>30 weeks 80% 93.70% 70.60% 96.10% 91.40% 

Gravidity           

<3 88.50% 93.30% 71.90% 97.70% 92.50% 

>3 81% 94.40% 77.30% 95.50% 91.80% 
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Antenatal diagnosis of PAS, along with delivering these 

patients in hospitals equipped to handle operative and 

perioperative complications, will reduce maternal 

morbidity and mortality rates. Women with high-risk 

factors or a history of previous interventions should be 

clinically suspicious of placenta accrete and undergo 

appropriate evaluation with Doppler ultrasonography for 

confirmation. In challenging cases or when findings are 

equivocal, MRI of the pelvis may be used to confirm the 

extent of invasion.30 The most standard and cost-

effective imaging modality for diagnosing PAS is Doppler 

ultrasound. Levine et al., in their study, reported morbidly 

adherent placenta in seven out of 19 women at risk of 

the placenta accreta spectrum.27 Chou et al.31 

prospectively followed 80 women, with results showing 

a sensitivity of 82% and a specificity of 96.8%. 

Therefore, various studies have shown that Doppler 

ultrasound has increased sensitivity and specificity in 

diagnosing placenta accrete spectrum (PAS).32 

Maher et al. also suggested in their study that the 

accuracy of diagnosing placenta accreta can be further 

improved by using transvaginal ultrasonography, with 

increased sensitivity and specificity compared to MRI.18 

Transvaginal sonography may enhance diagnostic 

accuracy by improving near-field resolution. Maher et al. 

stated that MRI added to the specificity of the diagnosis 

in cases where ultrasound interpretation was unclear. 

Another study by Lim et al. described that MRI had a 

higher sensitivity and specificity than Doppler 

sonography, with a sensitivity and specificity of 75% and 

78%, respectively, while ultrasound had a sensitivity of 

67% and specificity of 50%. They reported that placental 

hypointense bands in MRI increase specificity.33 Riteau 

et al. also reported similar results when sonography and 

MRI were performed in all patients.34 

Various studies have examined the sensitivities of 

different imaging modalities in diagnosing placenta 

accrete spectrum. However, there is a slight shortage of 

available local data, which is why this study was 

conducted. The strength of our study is that it directly 

compared the accuracy of Doppler ultrasonography with 

operative findings. Furthermore, higher sensitivity and 

specificity have been shown in multiparous women 

during data stratification. This is a single-center study, 

which is a limitation, as the results cannot be generalized 

to the general population. More comprehensive 

multicenter studies involving a larger number of patients 

are required to generalize the findings and establish a 

standard protocol. A step-by-step, comprehensive 

diagnostic imaging approach is needed to increase 

diagnostic accuracy and the radiologist's ability to 

diagnose PAS, ultimately facilitating and expediting 

treatment options and reducing maternal morbidity and 

mortality associated with it. 

Conclusion   

Placenta accreta spectrum refers to the abnormal 

extension of chorionic villi into the myometrium, leading 

to life-threatening, massive peripartum bleeding, 

endangering the patient's life. Therefore, antenatal 

diagnosis is crucial, for which Doppler ultrasonography 

(USG) plays a pivotal role. It is an easily accessible and 

cost-effective imaging modality compared to MRI, which 

is why it is more widely used for screening purposes. Any 

patient with risk factors should undergo antenatal 

transabdominal Doppler ultrasound to identify abnormal 

utero-placental invasion. The degree and severity of 

hemodynamic variations in uteroplacental circulation in 

placenta accreta must be considered during 

interpretation. 

References  

1. Baumfeld Y, Herskovitz R, Niv ZB, Mastrolia SA, Weintraub AY. 
Placenta associated pregnancy complications in pregnancies 
complicated with placenta previa. Taiwan J 
ObstetGynecol 2017;56(3):331-35. 

2. Weiner E, Miremberg H, Grinstein E, Mizrachi Y, Schreiber L, 
Bar J, et al. The effect of placenta previa on fetal growth and 
pregnancy outcome, in correlation with placental pathology. J   
Perinatol. 2016;36(12):1073.56(3):331-5.  

3. Kollmann M, Gaulhofer J, Lang U, Klaritsch P. Placenta praevia: 
incidence, risk factors and outcome.  J Matern Fetal Neonatal 
Med. 2016;29(9):1395-8. 

4. Jauniaux E, Ayres‐de‐Campos D. FIGO consensus guidelines 
on placenta accreta spectrum disorders: introduction. Int J 
Gynaecol Obstet. 2018;140(3):261-64.  

5. Luke RK, Sharpe JW, Greene RR. Placenta accreta: the 
adherent or invasive placenta. Am J ObstetGynaecol 
1966;95(5):660-8. 

6. Lim PS, Greenberg M, Edelson MI, Bell KA, Edmonds PR, 
Mackey AM. Utility of ultrasound and MRI in prenatal diagnosis 
of placenta accreta: a pilot study. AmJ Roentgenol. 
2011;197(6):1506-13. 

7. Silver RM, Landon MB, Rouse DJ, Leveno KJ, Spong CY, Thom 
EA et al. National Institute of Child Health and Human 
Development Maternal-Fetal Medicine UnitsNetwork. Maternal 
morbidity associated with multiple repeat cesarean deliveries. 
Obstet Gynecol. 2006;107(6):1226-32. 

8. Gielchinsky Y, Rojansky N, Fasouliotis SJ, Ezra Y. Placenta 
accreta—summary of 10 years: a survey of 310 cases. 
Placenta. 2002;23(2-3):210-4. 

9. Piñas Carrillo A, Chandraharan E. Placenta accreta spectrum: 
Risk factors, diagnosis and management with special reference 
to the Triple P procedure. Women's Health. 2019 
Oct;15:1745506519878081. Mi Lu, Zhen-Jia Wang, Chang-Ang 



Diagnostic Accuracy of Doppler Ultrasonography in the Antenatal Diagnosis of Abnormal Placental Invasion…  

  
 

J Soc Obstet Gynaecol Pak. 2023; Vol 13. No.3                    236  

Chen, Bi-Yun Sun. Accuracy of ultrasound in the diagnosis of 
placenta  accreta: an updated meta-analysis. Int J Clin Exp 
Med. 2016;9(6):8887-97. 

10. Jauniaux E, Grønbeck L, Bunce C, Langhoff-Roos J, Collins SL. 
Epidemiology of placenta previa accreta: a systematic review 
and meta-analysis. BMJ open. 2019 Nov 1;9(11):e031193.  

11. Al-Serehi A, Mhoyan A, Brown M, Benirschke K, Hull A, 
Pretorius DH. Placenta accreta: an association with fibroids and 
Asherman syndrome. J Ultrasound Med. 2008;27(11):1623-8. 

12. James WH. Sex ratios of offspring and the causes of placental 
pathology. Human Repro 1995;10(6):1403-6. 

13. D'antonio F, Iacovella C, Bhide A. Prenatal identification of 
invasive placentation using ultrasound: systematic review and 

meta‐analysis. Ultrasound Obstet Gynaecol. 2013;42(5):509-
17.  

14. Meng X, Xie L, Song W. Comparing the diagnostic value of 
ultrasound and magnetic resonance imaging for placenta 
accreta: a systematic review and meta-analysis. Ultrasound 
Med Biol 2013;39(11):1958-65.  

15. Riteau AS, Tassin M, Chambon G, Le Vaillant C, de 
Laveaucoupet J, Quere MP, et al. Accuracy of ultrasonography 
and magnetic resonance imaging in the diagnosis of placenta 
accreta. PLoS One. 2014;9(4):e94866. 

16. Oyelese Y, Smulian JC. Placenta previa, placenta accreta, and 
vasa previa. Obstet Gynaecol. 2006;107(4):927-41. 

17. Maher MA, Abdelaziz A, Bazeed MF. Diagnostic accuracy of 
ultrasound and MRI in the prenatal diagnosis of placenta 
accreta. Acta Obstet Gynecol Scand. 2013;92(9):1017-22. 

18. Baughman WC, Corteville JE, Shah RR. Placenta accreta: 
spectrum of US and MR imaging findings. Radiographics. 
2008;28(7):1905-16. 

19. Jalil S, Nausheen S, Akhter AZ. Reducing morbidity and 
mortality in morbidly adherent placenta: an experience. Pak J 
Surg. 2011;27(1):59-63.  

20. Wh TE. Ultrasonographical features of morbidly-adherent 
placentas. Singapore Med J. 2007;48(9):799-803. 

21. Taipale P, Orden MR, Berg M, Manninen H, Alafuzoff I. Prenatal 
diagnosis of placenta accreta and percreta with 
ultrasonography, color Doppler, and magnetic resonance 
imaging. Obstet Gynecol. 2004;104:537-40. 

22. Sajid H, Ali SM, Mahmud R, Javed A, Jesrani A. Diagnostic 
Accuracy of Doppler Ultrasonography in the Antenatal 
Diagnosis of Abnormal Placental Invasion Secondary to 

Placenta Praevia. Annals of Abbasi Shaheed Hospital and 
Karachi Medical & Dental College. 2018;23(2):99-104. 

23. Ayati S, Leila L, Pezeshkirad M, Toosi FS, Nekooei S, Shakeri 
MT, Golmohammadi MS. Accuracy of color Doppler 
ultrasonography and magnetic resonance imaging in diagnosis 
of placenta accreta: A survey of 82 cases. Intern J Reproductive 
BioMedicine. 2017;15(4):225. 

24. Finberg HJ, Williams JW. Placenta accrete; prospective 
sonographic diagnosis in patients with placenta previa and prior 
caesarean section. J Ultrasound Med. 1992;11:333-43. 

25. Lerner JP, Dean S, Timor_Tritsch IE. Characterazation of 
Placenta acccreta using transvaginal sonography and colour 
Doppler imaging. Uultrasound obstet Gynaecol. 1995;5:198-
201. 

26. Levine D, Huulka CA, Ludmir J, Li W, Edelman RR. Placenta 
acccreta: evaluation with colour Doppler US, power Doppler US, 
and MR imaging. Radiology. 1997;205(3):773-6. 

27. Chou MM, Ho ES, Lee YH. Prenatal diagnosis of placenta 
previa accrete by transabdominal colour Doppler ultrasound. 
Ultrasound Obstet Gynecol. 2000;15:28-35.  

28. Shih JC, Palacios Jaraquemada JM, Su 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. 

29. McGahan JP, Philips HE, Reid MH. The anechoic retroplacental 
area: a pitfall in diagnosis of placental endometrial abnormalities 
during pregnancy. Radiology 1980;134:475-8 

30. Placenta accreta. ACOG Committee Opinion No. 266. American 
College of Obstetricians and Gynecologists. Obstet Gynecol 
2002;99:169-70.  

31. Pelosi MA, 3rd, Pelosi MA. Modified cesarean hysterectomy for 
placenta previa percreta with bladder invasion: retrovesical 
lower uterine segment bypass. Obstet Gynecol 1999;93:830-3. 

32. Lim PS, Greenberg M, Edelson MI, Bell KA, Edmonds PR, 
Mackey AM. Utility of ultrasound and MRI in prenatal diagnosis 
of placeta accrete: a pilot study. AJR Am J Roentgenol 
2011;197:1506-13.  

33. Riteau AS, Tassin M, Chambon G, Le Vaillant C, de 
Laveaucoupet J, Quéré MP, et al. Accuracy of Ultrasonography 
and Magnetic Resonance Imaging in the Diagnosis of Placenta 
Accreta. PLoS One. 2014;9:e94866

 

 


