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Abstract Background Placenta accreta spectrum (PAS) is a significant cause of maternal and
neonatal mortality andmorbidity. Its prevalence has been rising considerably, primarily
due to the increasing rate of primary and repeat cesarean sections. Accurate prenatal
identification of PAS allows optimal management because the timing of delivery,
availability of blood products, and recruitment of skilled anesthesia, and surgical team
can be arranged in advance.
Aims and Objectives This study aimed to (1) study the ultrasound and color Doppler
features of PAS, (2) correlate imaging findings with clinical and per-operative/histo-
pathological findings, and (3) evaluate the accuracy of ultrasound for the diagnosis of
PAS in patients with previous cesarean section.
Materials and Methods This prospective study was conducted in radiology depart-
ment of a tertiary care hospital. After screening 1,200 pregnant patients, 50 patients of
placenta previa with period of gestation � 24 weeks and history of at least one prior
cesarean section were included in the study. Following imaging features were
evaluated: (1) gray scale covering intraplacental lacunae, disruption of uterovesical
interface, myometrial thinning, loss of retroplacental clear space, and focal exophytic
masses; and (2) color Doppler covering intraplacental lacunar flow, hypervascularity of
uterine serosa–bladder wall interface, and perpendicular bridging vessels between
placenta and myometrium.
Study Design Present study is a prospective one in a tertiary care hospital.
Results Of the 19 PAS cases, 18 were correctly diagnosed on ultrasonography (USG)
and confirmed either by histopathological analysis of hysterectomy specimen or per-
operatively due to difficulty in placental removal. PASwas correctly ruled out in 27 of 31
patients. The diagnostic accuracy of USG was 90%. The sensitivity, specificity, positive,
and negative predictive values were 94.7, 87.1, 81.8, and 96.4%, respectively.
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Introduction

Hemorrhage is the leading cause of pregnancy-related ma-
ternal deaths, a vast majority of which is accounted for by
placental disorders like placenta accreta spectrum (PAS).1

PAS, formerly knownasmorbidlyadherent placenta, encom-
passes a spectrum of disorders ranging from abnormal adher-
ence to complete penetration of placenta through the uterine
wall. It is one of the most common indications for emergency
peripartum hysterectomy2 with injury to the urinary bladder
and other viscera as possible complications. The inability of the
placenta to separate after delivery causes severe maternal
morbidity due to retained placenta, septicemia, massive hem-
orrhage, and uterine rupture with frequent requirement for
massive transfusions, intensive care unit (ICU) transfer, and
prolonged hospital stay.3 PAS also increases neonatal mortality
andmorbidity due to preterm birth, low Apgar’s score, respira-
tory distress syndrome, anemia, and others.4

Prior cesarean section (CS) and placenta previa (PP) are
the two most important risk factors for PAS with further
increased risk if both are present together.5 Related to the
increasing and current all-timehigh rate of both primary and
repeat cesarean deliveries, the frequency of PAS has now
reached seemingly epidemic proportions.6 Its incidence was
1 in 533 deliveries in 2012.7

Ultrasonography (USG) is the quickest and safest method
for the evaluation of placental disorders. It even helps in
assessing fetal well-being and maturity by guiding the
management, thereby improving perinatal prognosis and
minimizing obstetric complications.6 Magnetic resonance
imaging (MRI) also has been suggested as a tool to success-
fully diagnose PAS; however, its use is limited by cost, lack of
portability, and long examination time.

The aim of this study was to investigate the accuracy of
ultrasound and color Doppler in the diagnosis of PAS and also to
optimizevarious imagingfindings for fast and correctdiagnosis.

Materials and Methods

Study design and patient selection: this prospective study
was conducted for a period of 1.5 years fromNovember 2015
toMarch 2017 in the Radiology Department, in collaboration
with the Department of Obstetrics and Gynecology and
Department of Pathology at Lady Hardinge Medical College
in New Delhi, India. The Institutional Ethical Committee for
Human Research approved this study.

A total of 1,200 pregnant patients presenting to the
antenatal clinic or casualty were screened of whom 50

were enrolled in the study after applying the inclusion and
exclusion criteria.

Pregnant patients with a period of gestation �24 weeks
having PP in present pregnancy and a history of at least one
CS due to any causewere included in the study. Patients with
not-low-lying placenta at an initial scan or on subsequent
scans owing to placental migration were excluded.

Study Methodology
After taking informed written consent, detailed clinical
history was taken and general physical and per-abdominal
examinations were performed (►Fig.1). A detailed evalua-
tion with USG and color Doppler was performed.

MRI findings were recorded for patients who were ad-
vised the same by the treating obstetrician.

The patients were managed according to the standard
protocol and clinical outcomes were recorded. The standard
of reference for the confirmation of the diagnosis of PASwas
histopathological/per-operative findings.

Imaging technique and analysis: gray scale and color
Doppler analyses were performed using a PHILIPS IU-22
machine with a 3- to 5-MHz convex sector transducer and
3- to 9-MHz linear array transducer. Acoustic gelwas used for
good skin transducer contact.

Each patient was called with a mildly distended bladder
for a transabdominal scan. A routine obstetrics scanwas first
performed.

Placental tissue was studied both in longitudinal and
transverse planes. The type of PP was classified as below:8

1. Major PP when the internal cervical os is partially or
totally covered by the placenta.

2. Minor PP when the placental edge is within 2 cm but not
covering any portion of the internal cervical os.

The following grayscale features of PAS were evaluated:
intraplacental lacunae, irregularity/disruption of uterine
serosa–bladder wall interface, myometrial thinning, loss of
retroplacental clear zone, and focal exophytic masses. Intra-
placental lacunae were assessed for number, shape, borders,
and vascularity.9 Lacunar grading was done according to
Finberg’s classification.10 Segmental myometrial thinning of
less than 1mm was labeled as suggestive of PAS.11

Color Doppler evaluations were then performed. The
region of interest (ROI) was selected on grayscale and the
color Doppler mode was switched on. The mobile sector box
was adjusted to lie exactly over the ROI. Two-dimensional
(2D) gain was reduced for better depiction of color flow.
Color Doppler, power Doppler, and pulsed Doppler

Conclusion Ultrasound is indispensable for the evaluation of pregnant patients. It is
an important tool for diagnosing PAS, thereby making the operating team more
cautious and better equipped for difficult surgery and critical postoperative care. It can
be relied upon as the sole modality to accurately rule out PAS in negative patients,
thereby obviating unnecessary psychological stress among patients due to possible
hysterectomy.
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parameters including wall filter, gate width, gain, and veloc-
ity scales were optimized for the detection of flow. The
ALARA (as low as reasonably achievable) principle was
implemented to ensure safe color Doppler imaging. The
highest peak velocity of pulsatile venous flow within pla-
cental lacunae was obtained using angle correction and the
resistance index of neovascularized arterial blood flowwith-
in the uterine serosa–posterior bladder wall boundary zone
was definitely recorded in abnormal patients.

The following color Doppler features of PAS were
recorded: sonolucent vascular lacunae with turbulent flow
typified by high velocity (PSV>15 cm/s) and low resistance
waveform, hypervascularity of uterine serosa–bladder wall
interface, low impedance flow in vascular branches coursing
between the placenta andmyometrium perpendicular to the
long axis of the uterus, andmarkedly dilated vessels over the
peripheral subplacental region (►Fig. 2).12

For patients presenting early in the third trimester, a
follow-up scan was performed around 32 weeks to look for
changes in placental localization, after which placental mi-
gration becomes unlikely.13 Further scans were individual-
ized as per the patient’s presentation. For patients presenting
late in the third trimester, a single scan was performed.

Statistical evaluation: normally distributed variables were
expressed as mean� standard deviation and continuous varia-
bleswith skeweddistribution asmedian (range). Qualitative data
were expressed as number (percentage). Categorical variables
were comparedusing theChi-square test. Ap-value of�0.05was
considered to be statistically significant. Different diagnostic
measures, such as sensitivity, specificity, and predictive values,
were calculated. Receiver operating characteristic (ROC) curves
were used to assess the diagnostic significance of intraplacental
lacunae. Data were analyzed using the IBM SPSS Statistics
software version 21.0.

Fig. 1 Algorithm of methodology. CS, cesarean section; USG, ultrasonography. BPV, bleeding per vaginum; D&C, dilation and curettage; FHS,
fetal heart sound; LMP, last menstrual period; LPV, leaking per vaginum; MAPP, morbidly adherent placenta previa; POG, period of gestation.
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Results

Clinical characteristics are summarized in►Table 1. SevenPAS
patients (36.8%) did not have any clinical complaints. When
symptomatic, the most common complaint was antepartum

hemorrhage followed by abdominal pain. One unbooked pa-
tient presented at term with hematuria. On USG, a frank
invasion of the urinary bladder with placental tissue was
seen. Per-operative findings confirmed placenta percreta
with bladder involvement which was managed by cesarean

Fig. 2 A 28-year-old patient with previous two CS presented with APH. Transabdominal scan shows central placenta Previa. Heterogeneous
placenta showing multiple large irregular-shaped lacunae with nonechogenic walls throughout its parenchyma (grade 3). Loss of clear space,
marked myometrial thinning, and discontinuity (arrow) of echogenic bladder line with placental invasion into UB suggestive of placenta
percreta. Color and spectral Doppler images show increased periuterine vascularity of low-resistance arterial flow. Lacunae show high-velocity
venous flow. Intraoperative photograph shows thin and highly vascular LUS with densely adhered placental tissue. APH, antepartum
hemorrhage; CS, cesarean section; UB, urinary bladder.
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Table 1 Demographic characteristics, complications, management and clinical outcomes in patients with placenta accreta
spectrum (PAS) and non-PAS

Number of patients

Age (y) PAS (mean age¼
29.9� 4.64 years)

Non-PAS
(mean age
¼25.9�4.49
years)

p-Value

Total (n¼50) PAS Non-PAS 0.04

n % n %

<25 15 3 20 12 80

25–29 20 6 30 14 70

30–34 7 5 71.4 2 28.6

�35 8 5 62.5 3 37.5

Gravidity 0.0001

< 3 20 0 0 20 100

3 to 6 29 18 62.1 11 37.9

�6 1 1 100 0 0

Number of prior
cesarean sections

0.002

1 34 8 23.5 26 76.5

2 11 6 54.5 5 45.5

3 or more 5 5 100 0 0

Complications

Uterine rupture 1 1 5.3 0 0

Severe adhesions 1 1 (omentum also
adhered)

5.3 0 0

Urinary bladder rupture 2 2 10.5 0 0

Duration of surgery (h) Average 2 hours 34minutes Average
1 hour
19minutes

0.0001

< 2 34 3 15.8 31 100

2 to 4 12 12 63.2 0 0

�4 4 4 21.1 0 0

Intraoperative blood loss (L) Average 3.35 L rage 1.21 L 0.0001

Less than 2 27 3 15.8 24 77.4

2 to 4 15 8 42.1 7 22.6

4 or more 8 8 42.1 0 0

Units of PCV
transfused intraoperatively

average 3.5 PCV average 1.26
PCV

0.0001

1 26 3 15.8 23 74.2

2 9 2 10.5 7 22.6

3 5 4 21.1 1 3.2

4 4 4 21.1 0 0

5 4 4 21.1 0 0

6 2 2 10.5 0 0

(Continued)
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hysterectomy and bladder repair (►Fig. 3). Another unbooked
patient was brought to casualty in shock. USG showed perfo-
rating placenta percreta and ascites with moving internal
echoes. She was immediately taken up for surgery in view of
fetal distress and active intraperitoneal bleeding. Hemoper-
itoneum of 1.5 to 2 L was drained per-operatively and delivery
of fresh (intrauterine demise) IUD was followed by total
hysterectomy; however, the patient did not survive.

Out of 50 patients, 19 were confirmed as PAS based on the
histological analysis of the hysterectomy specimens of 16
patients (►Fig. 4) and in the remaining three patients, the
diagnosis was confirmed per-operatively due to the difficulty
in the manual removal of placenta that could be managed
without hysterectomy. Of these 19 patients, 5 had placenta
accreta vera, 2 had placenta increta, and 12 patients had
placenta percreta. Also, 18 of 19 PAS cases were correctly
diagnosed on USG and color-Doppler (true positive). In one
case of PAS that wasmissed on USG, focal placental adherence
was seen per-operatively; bleeding could not be controlled
even after stepwise devascularization; hence, hysterectomy
had to be done. Histopathology revealed placenta accreta vera
(false negative). PASwas correctly ruled out by USG and color
Doppler in 27 of 31 patients, thereby obviating unnecessary
psychological stress among patients and their families due to
possible hysterectomy (true negative). Of the four non-PAS
patients who were erroneously diagnosed as PAS, one had
multiple large intraplacental lacunae, another appeared to
have multiple focal interruptions of retroplacental clear
zone and two showed apparent hypervascularity of uterine

serosa–bladder wall interface. However, the per-operative
placental separation was complete in all four of them (false
positive). The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of ultrasound and
color Doppler in diagnosing PAS were 94.74, 87.1, 81.82, and
96.43%, respectively (►Table 2) and positive likelihood ratio
and negative likelihood ratio were 7.34, 0.06, respectively.
Diagnostic accuracy was 90%.

The most sensitive grayscale features for screening are
myometrial thinning and loss of retroplacental clear space.
With their high NPVof 96.6%, they can be used to confidently
rule out PAS in high-risk patients. If present, some features
like irregularity/interruption of uterine serosa–bladder wall
interface and focal exophytic masses are almost always
predictive of PAS (100% PPV; ►Table 3).

A majority of non-PAS patients had grade 0 or grade 1
lacunae only. The patients of placenta accreta vera had a
maximum of up to grade 2, while two-third of patients with
placenta percreta had grade-3 lacunae. The increase in the
grade of intraplacental lacunae was significantly associated
with the presence of PAS and also with the increase in the
severity of PAS (p¼0.0001; ►Table 4; ►Fig. 5).

The intraplacental lacunae in most PAS patients had
indistinct/nonechogenic borders, irregular shape, and turbulent
flow, as compared with non-PAS patients whose lacunae had
distinct echogenic borders and showed laminar flow (►Table 5).

There was a statistically significant increase in the
amount of blood loss, intraoperative transfusion, and cesar-
ean hysterectomy with increasing lacunar grade. Hence, the

Table 1 (Continued)

Number of patients

Age (y) PAS (mean age¼
29.9� 4.64 years)

Non-PAS
(mean age
¼25.9�4.49
years)

p-Value

Operative management Total (n¼50) n % n % < 0.05

Uterine artery ligation 14 13 68.4 1 3.2

Balloon tamponade 2 1 5.3 1 3.2

Iliac artery ligation 14 13 68.4 1 3.2

Cesarean hysterectomy 16 16 84.2 0 0

Total 12 12 63.2 0 0

Subtotal 4 4 21.1 0 0

Delivery of placenta < 0.05

Spontaneous placental delivery 28 0 0 28 90.3

Uncomplicated manual removal 3 0 0 3 9.7

Complicated manual removal:
removal in pieces

3 3 15.8 0 0

Hysterectomy 16 16 84.2 0 0

Clinical outcome < 0.05

Maternal mortality 1 1 5.3 0 0

Perinatal mortality 1 1 5.3 0 0

Abbreviation: PCV, packed cell volume.
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lacunar grade can be used as a predictor of morbidity in
patients with PAS (►Table 4).

Color Doppler features, like bridging vessels and utero-
vesical hypervascularity, further added to the diagnostic
accuracy of USG with their high specificity of 93.5% and
played a major role in ruling out PAS in high-risk patients
with an NPV of 93.6%. The most sensitive color Doppler
features were intraplacental lacunar flow and perpendicular
bridging vessels between the placenta andmyometrium. The
most specific color Doppler features were the hypervascu-
larity of uterovesical interface and bridging vessels.

Management and clinical outcomes are summarized
in ►Table 1. There was one case of perinatal and maternal
mortality due to PAS. Incidence of preterm delivery was
higher in PAS patients which was done either in an emer-

gency setting in view of APH or fetal distress or electively to
prevent the risk of heavy bleeding and uterine rupture with
increasing gestation. But this, in turn, predisposed the neo-
nate to various complications due to prematurity while in
most non-PAS patients, delivery could be safely planned after
lung maturity was achieved. Regarding placental delivery, all
non-PAS patients had their placenta removed completely
with membranes, either by spontaneous separation or by
manual removal. In three PAS patients, the placenta was
removed in bits and pieces, followed by oozing of blood from
the placental bed that could be controlled with hemostatic
sutures and stepwise devascularization. Cesarean hysterec-
tomy was required in 16 of 19 PAS patients in view of
uncontrollable bleeding. Operative morbidity was significant-
ly higher in PAS patients. The average duration of surgery and

Fig. 3 Placenta percreta in a 29-year-old lady with two previous CS presented with APH. (A) TAS shows exophytic mass of same echogenicity as
placenta invading into UB (arrow) with no identifiable myometrium, uterine serosa, or bladder wall in between. (B) Axial image at same level
shows the exact site of invasion on the left of midline. (C) Color Doppler image of B shows extensive hypervascularity at uterovesical interface.
(D) Intraoperative photograph shows the exophytic mass of placenta protruding outside the uterine serosa from the anterior wall of lower
uterine segment. CS, cesarean section; TAS, transabdominal sonography; UB, urinary bladder.
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intraoperative blood loss were more; devascularization pro-
cedures, like uterine/iliac artery ligation and balloon tampo-
nade, were more frequently required. Two PAS patients
required bladder repair. Omentum was also found adhered
in one patient with placenta percreta. ICU transfer was
required in 63.2% of PAS patients as compared with 19.4%
non-PAS patients who required the same.

Discussion

The gold standard for the diagnosis of PAS are the per-opera-
tive and histopathological findings. The American College of
Obstetricians and Gynecologists (ACOG) guidelines recom-
mend that any placenta remaining in a contracting uterus
for 2hours or more after the birth of the babywithout clinical

Fig. 4 Placenta accreta vera in a 38-year-old asymptomatic lady with prior 1 CS, 1 D and C, and 1 hysterotomy. (A) Central PP. Echogenic line of
uterine serosa–bladder wall interface intact. (B) Subplacental hypervascularity, aberrant vessels crossing between the placental surfaces. (C, D)
Loss of clear zone, myometrial thinning, and lacunae showing turbulent flow (E) Coronal T2W MRI shows heterogeneous placenta and multiple
hypointense bands. (F) Coronal T2-W MRI shows the hypointense line of inner myometrium (arrow) becoming discontinuous on the left side.
Outer myometrium and uterine serosa intact. (G) Hematoxylin and eosin stain �100 of hysterectomy specimen–placental villi (V) invading
decidua (D), reaching up to myometrium. CS, cesarean section; MRI, magnetic resonance imaging; T2-W, T2-weighted. C, cervix; D, decidua; F,
fetus; L, placental lacunae; M, myometrium; P, placenta; UB, urinary bladder; V, placental villi.
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signs of separation must be considered morbidly adherent.7

Histopathologists define PAS as the partial or complete ab-
sence of decidua basalis, resulting in placental villi being
attached to or invading the myometrium. It can be of three
types. First, placenta accreta vera, the mildest form, refers to
abnormal adherence without invasion into the myometrium.
Second, placenta increta refers to myometrial invasion by
placental villi. Third, placenta percreta refers to the penetra-
tion of placental villi through the entire myometrial thickness
reaching up to or crossing the serosa.7 The invasion of chori-
onic villi into myometrial vascular spaces provokes a shift in
placental blood supply from a spiral artery as found in normal
placentation to supply from larger, deeper arteries, radial, or
arcuate, in PAS. This leads to profound vascular alterations,
such as the formation of placental lacunae and hypervascula-
rization patterns under the placental bed. The more invasive
the placentation, themore pronounced are the uteroplacental
vascular changes. This confirms the value of color Doppler in
screening PAS and the evaluation of the depth of villous
myometrial invasion. A recent study by Shih et al showed
the correlation of “rail sign” on color Doppler with deeper
invasion of placental villi. It is seen as two parallel running
vessels in bladder mucosa and uterovesical junction with
perpendicular bridging vessels in between them.14

With the everincreasing number of CSs, the incidence of
PAS has been rising at an alarming rate. In a study con-
ducted by Shawky et al, there were 18 cases of PAS in a
study population comprising 50 patients of PP with previ-
ous CS.9 In a study by Balcacer et al on 40 high-risk patients,
18 were positive for PAS.15 The frequency of PAS signifi-
cantly increases with increasing age, gravidity, and parity.3

A history of previous CS increases the odds of having PAS by
8.7 times.16 According to ACOG, PAS is expected in 40% of
patients with PP who have a history of previous two CSs.7

Major PP is associated with a five-fold increase in the risk of
PAS as compared with minor PP or low-lying placenta.17

PAS is mostly seen associated with the placenta extending
on the anterior uterine wall.18 However, the literature
suggests that PAS may exist with the posterior placenta
also.19

Most of the PAS cases are discovered only when manual
removal of the placenta is required in the third stage of labor
or even later when the patient presents with postpartum
hemorrhage owing to incomplete placental separation.20

There are few case reports available in the literature of PAS
presenting with frank hematuria owing to bladder involve-
ment.21,22 There are few case reports of patients presenting
with acute hypovolemic shock owing to placenta percreta.23

Table 2 Diagnostic significance of ultrasound and color Doppler imaging

USG diagnosis Final diagnosis Total

Non-PAS PAS

Non-PAS 27 (TN) 1 (FN) 28

PAS 4 (FP) 18 (TP) 22

Total 31 19 50

TP FP TN FN PPV (%) NPV (%) Sn (%) Sp (%) Positive
likelihood
ratio

Negative
likelihood
ratio

Diagnostic
accuracy (%)

USG 18 4 27 1 81.82 96.43 94.74 87.10 7.34 0.06 90

Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PAS, placenta accreta spectrum; PPV, positive predictive value;
Sn, sensitivity; Sp, specificity; TN, true negative; TP, true positive; USG, ultrasonography.

Table 3 Diagnostic significance of different sonographic parameters

Diagnostic criteria (gray scale) PAS
(n¼19)

Non-PAS
(n¼31)

Sn (%) Sp (%) PPV (%) NPV (%)

Loss of clear space 18 2 94.7 93.5 89.9 96.6

Myometrial thinning 18 1 94.7 96.8 94.8 96.7

Intraplacental lacunae 17 11 89.5 64.5 60.7 90.9

Focal exophytic masses 10 0 52.6 100 100 77.5

Bladder line: irregularity/interruption 9 0 47.4 100 100 75.7

Diagnostic criteria (color Doppler)

Intraplacental lacunar flow 17 5 89.5 83.9 77.3 92.9

Perpendicular vessels between placenta
and myometrium (bridging vessels)

17 2 89.5 93.5 89.4 93.6

Uterovesical/subplacental hypervascularity 16 2 84.2 93.5 88.8 90.6

Abbreviations: NPV, negative predictive value; PAS, placenta accreta spectrum; PPV, positive predictive value; Sn, sensitivity; Sp, specificity.
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The variable sensitivities and specificities of USG have
been mentioned in the literature ranging from as low as 33%
by Lam et al to as high as 100% by Japaraj et al.24,25 Other
studies evaluating the diagnostic accuracy of ultrasound
showed varied findings.12,26

Grayscale ultrasonographic findings suggestive of PAS are
described hereinafter.

Vascular lacunae: irregular areas of low echogenicity
larger than 1 cm2 in placental parenchyma forming “Swiss
cheese” or “Moth-eaten appearance” (►Fig. 2). Finberg–
Williams classified these lacunae as grade 0 when none
are seen; grade 1þwhen one to three generally small lacunae
are present; grade 2þ when four to six larger or more
irregular lacunae are present; grade 3þ when there are
many throughout the placenta, some appearing large and
irregular in shape (10). Grade 2þ lacunae are strongly
associated with PAS.27 According to the literature, the pres-
ence of placental lacunae is the most sensitive and highly
predictive sonographic sign of PAS.18,25,27,28 We found that
the higher the lacunar grade, the higher is the frequency and
severity of PAS (p¼0.0001). Finberg–Williams also found
similar associations.10 The lacunar grade is an important
factor to predict peripartum complications in PAS.9,27

Interruption of echogenic bladder line: the normal inter-
face between the myometrium and urinary bladder is
smooth and echogenic. In PAS, myometrial thinning results
in the irregularity or disruption of this vesicouterine
interface.10

Myometrial thinning: retroplacentalmyometrial thinning
indicates the proximity of placental tissue to the uterine
serosa or surrounding viscera. Segmental myometrial thin-
ning of less than 1mm is highly suggestive of PAS.11

Table 4 Association of lacunar grade with the type of placental adherence and implications on management

Placental adherence Number of patients with respective lacunar grades p-Value

Total Grade 0 Grade 1 Grade 2 Grade 3

n % n % n % n % <0.05

Non-PAS 31 20 64.5 9 29 2 6.5 0 –

Accreta vera 5 1 20 1 20 3 60 0 –

Increta 2 0 – 1 50 1 50 0 –

Percreta 12 0 – 0 – 4 33.33 8 66.67

Total 50 21 – 11 – 10 – 8 –

Need for hysterectomy

<0.05

Yes 16 1 6.25 2 12.5 5 31.25 8 50

No 34 20 58.82 9 26.47 5 14.7 0 –

Total 50 21 – 11 – 10 – 8 –

Units of PCV transfused

<0.05

1 26 13 50 9 34.6 4 15.4 0 –

2 9 6 66.67 1 11.1 2 22.2 0 –

3 5 2 40 1 20 1 20 1 20

4 4 0 – 0 – 2 – 2 50

5 4 0 – 0 – 0 – 4 100

6 2 0 – 0 – 1 – 1 50

Total 50 21 – 11 – 10 – 8 –

Abbreviation: PAS, placenta accreta spectrum; PCV, packed cell volume.

Fig. 5 The ROC curve for the diagnostic significance of intraplacental
lacunae. Area under the ROC curve is 92.9% (95% CI: 0.79 to 0.99)
which reveals that the grading of intraplacental lacunae is sufficient
for discriminating the positive and negative subjects. The best cut-off
of grading is lacunar grade greater than 2 and at this point, sensitivity
is 84.2% and specificity is 87.1%. CI, confidence interval; ROC, receiver
operating characteristic.
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Loss of retroplacental clear space: the absence of decidua
basalis in PAS is seen sonographically as the loss of the
hypoechoic area between the placenta and myometrium.10

Areviewof thee literatureshowed that the lossofclear space is
the best criterion to rule out PAS with a high NPV of 97% and
that if the echolucent area between the placenta and uterus is
preserved, PAS is unlikely to occur. However, this criterion
should not be used by itself to make a diagnosis, as it accounts
for the majority of false positives.18 Riteau et al found that the
loss of retroplacental clear space is the most sensitive param-
eter whereas McGahan et al found that the absence of this
sonolucent line alone was not predictive of PAS and this
hypoechoic line was even found to be absent in patients
with normal pregnancies and they showed a sensitivity of
only 7%.26,29 Shawky et al found that the absence of the
retroplacental space had PPVof 59%, indicating a low diagnos-
tic value.9 Other studies have shown varied results.18,26

Presence of exophyticmasses: the presence of extrauterine
placental parenchyma is diagnostic of placenta percreta
(►Fig. 3).10

Color Doppler imaging can improve the accuracy of the
diagnosis of PAS since the depth of placental invasion into
uterine myometrium can be determined.19 Normal placental
vessels run parallel to the uterine long axis. In PAS, the vessels
run through themyometriumperpendicular to the longaxis of
uterus.30 These findings of bridging vessels and uterovesical
hypervascularityhaveahighspecificityof93.5%andalsoplaya
major role in rulingoutPAS inhigh-riskpatientswithanNPVof
93.6%.25,26 Lacunae with a high-velocity turbulent flow (tor-
nado-shapedflowofvenous, arterial, ormixedblood) aremore
likely with PAS with PPV approaching 100%.9,28

Strengths and Limitations
The strength of our study and a major advantage over most
other studies conducted on this subject to date was its
prospective study design and thus the elimination of bias
which may accompany the analysis of retrospectively evalu-
ated cohort.

There were a few limitations in our study like the exclu-
sion of patients without prior CS even if they had a history of
other uterine surgeries, exclusion of patients without PP
even if they had a history of classical CS; and the inherent
limitations of USG in the evaluation of patients with obesity
and advanced gestation.

Conclusion

Ultrasound is an excellent, simple, and safe technique for
screening PAS in high-risk patients. It can be confidently
relied on for accurately ruling out PAS in negative patients,
thereby obviating unnecessary psychological stress (of pos-
sible hysterectomy) among patients and their families. Ul-
trasound is an important tool for diagnosing PAS, thereby
making the operating team more cautious and better
equipped for difficult surgery and critical postoperative care.
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Table 5 Evaluation of the imaging features of intraplacental lacunae and their association with placental adherence

Features of intraplacental lacunae Number of patients with intraplacental lacunae p-Value

PAS Non-PAS

n % n %

Grade 0.0001

0 1 5.3 20 64.5

1 2 10.5 9 29

2 8 42.1 2 6.5

3 8 42.1 0 0

Shape 0.02

Irregular 14 77.8 6 54.4

Linear 2 11.1 2 18.2

Round 2 11.1 3 27.3

Borders 0.001

Echogenic (distinct) 2 11.1 6 54.5

Nonechogenic (indistinct) 16 88.9 5 45.5

Doppler study 0.0001

Turbulent flow/tornado sign 14 77.8 3 27.3

Nonturbulent/laminar flow 4 22.2 8 72.7

Abbreviation: PAS, placenta accreta spectrum.
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