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Morbidly adherent placenta(MAP), often linked to prior cesarean delivery, is a serious obstetric
condition requiring timely Doppler ultrasound diagnosis despite variable specificity.
Objectives: To evaluate the diagnostic accuracy of Color Doppler ultrasound (CDUS) for
antenatal detection of MAP, using intraoperative findings as the reference standard. Methods:
Thiswasacomparative analytical study with aretrospective review of patientdataconductedin
the Department of Diagnostic Radiology at Aga Khan University spanning April to August 2025
andincluded pregnant women via consecutive samplingidentified as beingat risk for MAP. Each
participantunderwent an antenatal ultrasound assessment, and the sonographic findings were
subsequently compared with operative findings. Diagnostic indices such as sensitivity,
specificity, positive and negative predictive values, as well as overall accuracy, were
determined. Results: Color Doppler ultrasound exhibited strong diagnostic performance in
detecting MAP, achieving a sensitivity of 98.10 % (95% Cl: 93.29-99.77)and a specificity of 55.56
%(95% Cl: 35.33-74.52). The point receiver operating characteristic (ROC) curve demonstrated
anareaunderthe curve(AUC)of 0.89, indicative of excellent discriminatory capacity. Diagnostic
accuracies were observed as 90.48% for accreta (p<0.001), 89.19% for increta (p<0.001), and
79.17% for percreta(p<0.001). Subgroup analysis showed the same accuracy in women aged <35
years (98.08%) and those >35 years (98.08%). Conclusions: Doppler ultrasound showed high
diagnostic accuracy for MAP with excellent ROC performance and consistent sensitivity across
maternalage and gestational subgroups.

INTRODUCTION

Morbidly adherent placenta (MAP) refers to an abnormal
implantation of the placenta in which the chorionic villi
invade the uterine wall either partially or completely,
encompassing the subtypes placentaaccreta, increta, and
percreta[1]. Although uncommon, MAP is associated with
severe, life-threatening maternal complications and
remains a major contributor to emergency obstetric
hysterectomy worldwide. In Pakistan, it ranks as the third
leading indication for emergency hysterectomy, following
uterine rupture and postpartum uterine atony [2, 3].
According to international data from the American College

of Obstetricians and Gynecologists, the incidence of
morbidly adherent placenta (MAP), also referred to as
placenta accreta spectrum (PAS), is estimated at
approximately 1in 2500 deliveries, though more recent
studies report rates ranging from 1 in 2500 to 1 in 1100
deliveries, with maternal mortality reaching up to 10% [1].
The rising global incidence has been closely linked to
increasing cesarean delivery rates, with recent estimates
indicating a pooled prevalence of about 0.17% worldwide
and local hospital-based data showing rates as high as 3
per 1000 deliveries [4]. Placenta accreta accounts for
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nearly 80% of PAS cases, increta for about 15%, and
percreta for roughly 5% [5, 6]. The most firmly established
risk factors include placenta previa and a history of prior
cesarean section[7, 8]. Several studies have examined the
diagnostic accuracy of color Doppler ultrasound (CDUS)for
antenatal detection of MAP. A study conducted in Multan
reported a sensitivity of 87.5%, specificity of 98.36%, and
overall diagnostic accuracy of 97.1% [3]. Kamankesh et al.
demonstrated sensitivity and specificity of 97.7% and
86.2%, respectively [10], while Nawab et al. reported
corresponding values of 85.7% and 83.3% [11]. Similarly,
research at Ganga Ram Hospital, Lahore, found MAP in
14.38% of deliveries, with sensitivity, specificity, PPV, NPV,
and accuracy of 86.96%, 98.54%, 90.91%, 97.83%, and
98.13%, respectively [12]. However, previous studies, both
international and local, showed notable variability in
diagnostic performance [10, 12]. Although ultrasound
remains the first-line imaging tool for suspected MAP, the
absence of standardized diagnostic criteria contributes to
inconsistency in accuracy and interpretation, posing
challenges in clinical decision-making. In Pakistan,
standardized and consistent evidence regarding the
diagnostic performance of CDUS for MAP is limited. This
gap may lead to delayed recognition or misdiagnosis in
high-risk pregnancies. Considering the rising incidence of
MAPandits strongassociation with maternal morbidity and
mortality, reliable antenatal diagnostic strategies are
essential. Based on existing evidence suggesting the
diagnostic potential of ultrasonography in detecting
abnormal placentation, this study hypothesizes that color
Doppler ultrasound provides high diagnostic accuracy in
identifying morbidly adherent placenta (MAP) when
compared with intraoperative findings. To test this
hypothesis, the study aims to determine the sensitivity,
specificity, positive predictive value, negative predictive
value, and overall diagnostic accuracy of color Doppler
ultrasound for the antenatal detection of MAP. The results
are expected to inform gynecologists and radiologists on
the appropriate application of ultrasound in suspected
cases, improve early diagnosis, and ultimately help reduce
maternalmorbidityand mortality.

In Pakistan, locally standardized and consistent evidence
regarding the performance of CDUS in detecting MAP
remains limited. This lack of reliable local data may
contribute to delayed diagnosis and suboptimal
peripartum management. This study aimed to evaluate the
diagnostic accuracy of color Doppler ultrasound for
antenatal detection of morbidly adherent placenta using
intraoperative findingsas thereference standard.

METHODS

This comparative analytical study with a retrospective
review was conducted in the Department of Diagnostic
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Radiology at Aga Khan University Hospital, Karachi, from
April to August 2025. The sample size was calculated using
previously reported diagnostic parameters, assuming a
sensitivity of 85.7% and specificity of 83.3% as reported by
Nawab et al.[11], and a prevalence of Placental adherence
of 36.4% based on Elbery et al. [13], With a 10% margin of
error and a 95% confidence level, the minimum required
sample size was estimated to be 132 participants,
calculated using an online sample size calculator
developed by Arifin (https://wnarifin.github.io/ssc/
sssnsp.html), which is specifically designed for studies
evaluating sensitivity and specificity through consecutive
sampling. Cases were identified from the hospital's record
and all cases that met the predefined inclusion criteria,
antenatal suspicion of MAP on Doppler ultrasound, and
subsequent operative confirmation at delivery, were
included until the required sample size was achieved.
Eligible participants were women aged 18-49 years with
suspected placental adherence, identified based on third-
trimester bleeding or pelvic pain. On color Doppler
ultrasound, morbidly adherent placenta (MAP) was
diagnosed according to established sonographic criteria,
including loss of the utero-placental clear zone, disruption
of the serosa-bladder interface, and the presence of
turbulent placental lacunae with high-velocity flow [ 14, 15].
Intraoperative confirmation was established when direct
visualization of villous attachment to or invasion of the
myometrium was observed. Participants with gestational
diabetes, chronic hypertension, cardiovascular disease, or
other systemic comorbidities were excluded to minimize
potential confounding effects on placental vascularity and
Doppler flow patterns. This design-based exclusion was
applied during participant selection to ensure diagnostic
uniformity. All other demographic variables (maternal age,
parity, gravidity, and gestational age) were analyzed
descriptively to assess potential distributional differences
across diagnostic categories. After obtaining Ethical
Review Committee (ERC) approval (Reference No: 2025-
10604-33865) and written informed consent from the
Institutional Review Committee (IRC), baseline
demographic and clinical data were collected from patient
records and structured interviews at the time of the
ultrasound examination. All Doppler assessments were
performed using a GE Voluson E8 ultrasound system (GE
Healthcare, Chicago, IL, USA) equipped with a 2-5 MHz
curvilinear transducer. Standardized scanning parameters
included apulse repetition frequency(PRF)of 0.9-1.2kHz, a
wall filter optimized for low-flow sensitivity, and color gain
adjusted just below the noise threshold to enhance
visualization of placental vascularity. All sonographic and
clinical findings were recorded on a structured proforma
immediately after each examination, with operative
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confirmation obtained at delivery for diagnostic
correlation. Data were analyzed using SPSS version 26.0,
with quantitative variables reported as mean + SD or
median (IQR) and categorical variables as frequencies and
percentages. Diagnostic accuracy of Doppler was
determined using a 2 x 2 contingency table to calculate
sensitivity, specificity, PPV, NPV, and overall accuracy
based on true positive, false positive, true negative, and
false negative results. Receiver Operating Characteristic
(ROC) curve analysis was performed to evaluate the
discriminative ability of color Doppler ultrasound in
detecting MAP. The area under the curve (AUC) with 95%
confidence intervals was computed using the
nonparametric DeLongmethod. Statistical significance for
AUC values was determined using the SPSS ROC Curve
function (Analyze — ROC Curve). Effect modifiers such as
age, gestational age, parity, gravida, booking status,
previous cesarean section, and family history of MAP were
controlled through stratification, with post-stratification
diagnostic accuracy recalculated. Associations were
determined using the chi-square test, with p<0.05
considered statistically significant.

RESULTS

The mean age of study participants was 36.21+5.07 years.
Age distribution was evenly divided, with 66 (50.0%) of
women aged <35 years and 66 (50.0%) older than 35 years.
The median gestational age was 36 weeks (IQR: 4.00);
among them, 81(61.36%) delivered at <37 weeks, while 51
(38.64%) delivered beyond 37 weeks of gestation.
Regarding parity, the majority were multiparous (>2 births,
1M (84.1%), while 11(8.3%) were nulliparous and 10 (7.6%)
were primiparous. Gravidity was equally distributed
between multigravida (G2-G4, 66 (50.0%) and grand
multigravida(>5, 66(50.0%). A history of previous cesarean
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sectionwasreportedin103(78.0%)of women, comparedto
29(22.0%)without such a history. Finally, only 9(6.8%) had
a positive family history, whereas the vast majority, 123
(93.2%), reported no relevant family history. The study
presents detailed baseline demographic and clinical
characteristics of the study cohort(Table1).

Table 1: Baseline Characteristics of the Study Population

e Descriptive
Characteristics Statistics, n (%)
Age (Mean £SD) 36.21+5.07
<35 Years 66(50.00%)
Age Groups
>35 Years 66(50.00%)
Gestational Week Median (IQR) - 36(4.00%)
) <37 Weeks 81(61.36%)
Gestational Groups
>37 Weeks 51(38.64%)
Nulliparous Parity=0 11(8.30%)
Parity Primiparous Parity=1 10(7.60%)
Multiparous Parity=>2 111(84.1%)
i Multigravida (62-G4) 66(50.00%)
Gravida - -
Grand Multigravida(>5) | 66(50.00%)
) Urban 99(75.00%)
Residence
Rural 33(25.00%)
Booking status Yes 95(70.50%)
No 39(29.50%)
_ , Yes 103(78.0%)
Previous C Section
No 29(22.0%)
Family History ves 9(6.80%)
No 123(93.20%)

Ultrasound identified 15 true negatives(55.6%), with 2 false
positives (1.9%), and detected 103 true positives (98.1%),
with 12 false negatives (44.4%). Sensitivity was 98.10%,
specificity 55.56%, PPV 89.57%, NPV 88.24%, and overall
accuracy 89.39%(p<0.001)(Table 2).

Table 2: Diagnostic Performance of Ultrasound for the Detection of MAP Compared with Operative Findings

MAP-Operative Findings ~ gensitivity (35% Specificity (95%

Overall Accuracy p-

Category PPV(95%Cl) NPV (95% Cl)

Absent Present )] cl) (95% CI) value
MAPon | Absent | 16(56.60%) | 2(1.90%) 98.10(93.29- 55.56(35.33- 89.57(84.91- | 88.24(64.60- 89.39(82.85- | o o
CDUS | present [ 12(44.40%)|103(98.10%) 99.77) 74.52) 92.91) 96.86) 94.08) :

Note: Subgroups with small sample sizes(e.qg., n=2 false positives and n=12 false negatives)yield wide confidence intervals and should be
interpreted with cautiondue to limited precisionand potentialinstability of estimates.

The results present the diagnostic performance of ultrasound for placenta accreta, increta, and percreta. For placenta
accreta, sensitivity was 90.48% and specificity 91.80%, with a PPV of 88.37%, NPV 93.33%, and overall accuracy 91.26%
(p<0.001). For placentaincreta, sensitivity was 89.19% and specificity 90.91%, with PPV 84.62%, NPV 93.75%, and accuracy
90.29% (p<0.001). For placenta percreta, sensitivity was 79.17% and specificity 97.47%, with PPV 90.48%, NPV 93.90%, and
accuracy 93.20%(p<0.001)(Table 3).

Table 3: Diagnostic Accuracy of Ultrasoundin Detecting Different Types of MAPS Compared with Operative Findings

MAP-Operative Findings ~ gensitivity (95% Specificity (95%

Overall Accuracy p-

MAP on CDUS — o pal PPV(95%CI) NPV (95% CI) (5% C1) value
roreta LADSent | 56(91.80%) | 4(9.50%) | g0.48(77.36- 91.80(81.90- | 88.37(7654- | 93.33(84.60- |  91.26(84.06- | oo
Present | 5(8.20%) |38(90.50%) 97.34) 97.28) 94.65) 97.27) 95.93) :
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Increta Absent | 60(90.90%) | 4(10.80%) 89.19(74.58- 90.91(81.26- 84.62(71.78- 93.75(85.56- 90.29(82.87- <0.001
Present| 6(9.10%) | 33(89.20%) 96.97) 96.59) 92.24) 97.43) 95.25) )

Percreta Absent | 77(97.50%) | 5(20.80%) 79.17(57.85 97.47(91.15- 90.48(70.43- 93.90(87.58- 93.20(86.50- <0.001
Present | 2(2.50%) | 19(79.20%) 92.87) 99.69) 97.43) 97.11) 97.22) :

Findings show high ultrasound sensitivity (>96%)across subgroups, with specificity ranging widely from 0% to 100%. Overall
accuracy exceeded 86% in most categories, while p-values were statistically significant (<0.05) for all subgroups except
family history(p=0.236)(Table 4).

Table &4: Diagnostic Accuracy of Ultrasound According to Maternal and Clinical Characteristics

Category Subgroups Se“s“i(‘:’:;y(gf’% Sp“iﬁgli;y(%% PPV (95% CI) NPV(95%Cl)  Accuracy(95% Cl)
Age Groups <35(n=26) 98.08(89.74-99.95) | 64.29(35.14-7.24) | 91.07(83.46-95.37) | 90.00(55.41-98.49) | 90.91(81.26-96.59) |<0.001
(Years) >35(n=25) 98.08(89.74-99.95) | 46.15(19.22-74.87) | 87.93(81.48-92.35) | 85.71(44.12-97.85) | 87.69(77.18-94.53) |<0.001
Gestational <37(n=81) 98.39(91.34-99.96) | 57.89(33.50-79.75) | 88.41(81.81-2.82) | 91.67(60.26-8.76) | 88.89(79.95-94.79) | <0.001
(Weeks) ~37(n=51) 97.67(87.71-99.94) | 50.00 (15.70-84.30) | 91.30(83.93-95.46) | 80.00 (33.83-96.90) | 90.20 (78.59-96.74) | <0.001
Srovia | Multigravida(n=66) | 100(93.40-100) | 56.33 (27.67-84.83) | 91.53 (84.66-95.47) | 100(69.04-100) | 92.42(83.20-97.49) | <0.00]
G-Multigravida (n=66) | 96.08(86.54-99.52) | 53.33 (26.59-78.73) | 87.50 (80.25-92.34) | 80.00 (48.69-94.40)| 86.36(75.69-93.57) | <0.001
Nulliparous-P(n=11) | 100(69.15-100) 100(2.50-100) 100(69.15-100) | 100(2.50-100) 100(71.51-100) | <0.001
Parity | Primiparous-P(n=10) | 100(66.37-100) | 0.00(0.00-100) |80.00(90.00-90.00) - 90.00(55.50-99.75) | —
Multiparous-P (n=111) | 97.67(91.85-99.72) | 56.00 (34.93-75.60) | 88.42 (83.05-92.25) | 87.50 (63.01-96.64) | 88.29(80.81-93.61) | <0.001
ocidonc Urban(n=99) | 98.70(92.98-99.97) | 50.00(28.22-71.78) | 87.36(81.97-91.31) | 91.67(60.02-98.77) | 87.88(79.78-93.58) |<0.001
Rural (n=33) 96.43(81.65-99.91) | 80.00(28.36-99.94) | 96.43 (82.37-99.36) | 80.00(35.72-96.64) | 93.94 (79.77-99.26) | <0.001
Booking- Booked (n=93) | 98.59(92.40-99.96) | 59.09(36.35-79.29) | 88.61(64.29-98.95) | 92.86 (64.29-98.95) | 89.25(81.11-94.72) | <0.001
Status [ Un-Booked (n=33) | 97.06(84.67-99.93) | 40.00(5.27-85.34) | 91.67(18.00-94.80) | 66.67(18.00-94.80) | 89.74(75.78-97.13) | 0.004
Previous C Yes (n=103) 97.56(91.47-99.70) | 61.90(38.44-81.89) | 90.91(85.27-94.53) | 86.67(61.36-96.38) | 90.29 (82.87-95.25) | <0.001
Section No(n=29) 100(85.18-100) | 33.33(4.33-77.72) | 85.19(76.56-91.01) | 100(15.81-100) | 86.21(68.34-96.11) | 0.004
Family Yes(n=9) 100(47.82-100) | 25.00(0.63-80.69) | 62.50(48.63-74.69) | 100(2.50-100) | 66.67(29.95-92.51) | 0.236
History No (n=123) 98.00(92.96-99.76 | 60.87(38.54-80.29) | 91.59(86.73-94.78) | 87.50 (63.07-96.63) | 91.06 (84.56-95.45) | <0.001

The ROC curve was constructed using the observed
operating point(sensitivity =98.10%, specificity =55.56 %),
connectingthe coordinates(0, 0)to the operatingpointand
subsequently to (1, 1). The resulting AUC was 0.89,
reflecting good diagnostic accuracy. The shaded region
illustrates the 95%Cl, while the diagonal dashed line
representstheline of nodiscrimination(Figure1).
ROC Curve for MAP on Ultrasound vs Operative Findings
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Depicting Diagnostic Performance of Ultrasound in Detecting
MAP
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DISCUSSION

Ultrasound remains the cornerstone for the prenatal
diagnosis of abnormal placental adherence, owing to its
wide availability, non-invasive nature, and real-time
assessment of placental morphology and vascularity. It
demonstrates consistently high sensitivity in detecting
abnormal placentaladherence; however, its specificity can
vary considerably depending on operator expertise,
equipment quality, and the diagnostic criteria applied. In
our study, the approximated ROC operating point revealed
a sensitivity of approximately 87.3%, specificity of 86.96%,
and an AUC of ~0.89, aligning well with recent systematic
meta-analyses that report pooled ultrasound sensitivity in
the 86% range (95% Cl: 78-92%) and specificity around
83% (95% Cl: 55-70%) [16]. Nonetheless, the nearly 98%
sensitivity observed in our diagnostic comparison of
ultrasound versus operative findings exceeds typical
pooled results. This elevated performance likely reflects
our cohort's high prevalence of PAS risk factors, primarily
previous cesarean sections (78%), which can artificially
inflate predictive metrics [17]. Additionally, our use of an
imaging procedure performed by trained sonographers
may contribute to this superior accuracy, consistent with
data showing that ultrasound scoring systems improve
diagnostic reliability [18, 19]. In contrast to the high
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specificity reported in previous studies, such as
Kamankesh et al. (86.2%)[10], Jauniaux et al. (x90%)[20],
and Nawab et al. (83.3%) [11]. The present study
demonstrated alower specificity(55.6%). This discrepancy
may be attributed to the high prevalence of risk factors,
particularly previous cesarean deliveries, in our cohort,
which increased the likelihood of false-positive
interpretations. Furthermore, the absence of a
standardized scoring system, as emphasized in the FIGO
guidelines [20], may have led to overdiagnosis based on
isolated sonographic markers(e.qg., placental lacunae, loss
of clear zone). Operator vigilance in a high-risk referral
setting may also have contributed to prioritizing sensitivity
over specificity, thereby reducing the latter. Structured
scoring systems, such as those evaluated by Zlotin et al.
demonstrated remarkable accuracy, achieving AUC values
of around 0.93, with pooled sensitivity and specificity
exceeding85%[19]. Peng et al. systematic review supports
these findings, noting optimal performance in studies
utilizing scoring frameworks [21]. These results affirm the
advantages of standardized imaging protocols in
ultrasound diagnostics. Although MRI offers comparable
diagnostic performance with reported sensitivity and
specificity in the high 80s to low 90s, its principal value lies
in clarifying placental invasion in posterior or lateral PAS,
locations where ultrasound has limitations [14, 22]. This
supports the widely accepted clinical strategy of using
ultrasound as the initial modality and reserving MRI for
equivocal or anatomically challenging cases. The
specificity variation observed across clinical subgroups,
particularly low specificity in primiparous or family-history
subgroups, likely stems from small sample sizes in these
categories. Such small numbers (n<20) result in wide
confidence intervals and unstable estimates, a known
limitation in single-center observational research [17].
Future investigations with larger, more diverse cohorts
would help strengthen the reliability of subgroup analyses
and improve generalizability. Overall, the high sensitivity
and AUC reported in our results substantiate ultrasound's
continued role as an effective primary diagnostic tool for
PAS, particularly within high-risk populations.
Nevertheless, integrating MRI for select cases and
adopting structured ultrasound scoring systems are sound
approaches to optimize prenatal risk stratification and
facilitate surgical planning[18, 23].

The study's diagnostic estimates may be influenced by the
high prevalence of PAS risk factors, particularly previous
cesarean delivery, which can inflate sensitivity and reduce
specificity. Additionally, lack of a standardized ultrasound
scoring system and small subgroup sizes may have led to
variability in specificity and unstable subgroup estimates.
Future studies should focus on multicenter, prospective
efforts to validate ultrasound scoring systems across
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diverse populations, and on establishing standardized
diagnostic definitions for PAS. Several large-scale
collaborative studies have evaluated the diagnostic
performance of scoring systems and imaging criteria for
PAS[21,24]. They provide the evidence base for why future
multicenter, prospective, and standardized research is
needed.

CONCLUSIONS

Color Doppler ultrasound demonstrated high sensitivity
and strong overall diagnostic accuracy for detecting
morbidly adherent placenta. While specificity showed
moderate variability, the test maintained consistent
performance across maternal age and gestational
subgroups. These findings confirm the reliability of
Doppler ultrasound as an effective antenatal diagnostic
toolforamorbidlyadherent placenta.
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