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Original Article

Placenta accreta index as a predictor of placental invasion in
cases of placenta previa

Ibrahim M. El-Maghraby, Ahmed A. Badr
Department of Obstetrics and Gynecology, Shibin EI Kom Teaching Hospital, Shibin EI Kom, Egypt

Objective
This study aims to evaluate the role of the placenta accreta index in predicting placental invasion in patients with placenta previa.

Patients and methods
This study was carried on 60 pregnant women with placenta previa (after 30 weeks gestation). They were recruited from the Obstetrics and
Gynecology clinic of Menoufia University hospitals and Shebin El Kom Teaching Hospital in the period from January 2019 to December 2020.

Results

Preterm labor was found in 15 (78.95%) patients in the accreta group and six (14.36%) patients in the nonaccreta group (P = 0.000).
Hysterectomy was performed in 14 (73.68%) patients in the accreta group and four (9.76%) patients in the nonaccreta group (P = 0.000).
Urological complications occurred in five (26.32%) patients in the accreta group and one (2.44%) patient in the nonaccreta group (P = 0.004).
Blood transfusion was needed in 16 (84.21%) patients in the accreta group and seven (17.07%) patients in the nonaccreta group (£ = 0.000).
ICU transfer was needed in 10 (52.63%) patients in the accreta group and two (4.88%) patients in the nonaccreta group (P = 0.000).

Conclusions

Both grayscale and color Doppler ultrasound were very important in the prenatal diagnosis of placenta accreta to reduce maternal and perinatal
mortality and morbidity, but color Doppler had higher sensitivity and specificity. Placenta accreta index score 4 can be used as a predictive
cutoff value for prediction of placental invasion in patients with placenta previa. Placenta previa in current pregnancy, previous uterine scar,
increased maternal age, number of dilation and curettage and number of pregnancies and labors, and the presence of previous history of placenta
previa are all risk factors for placenta accreta, and placenta accreta is associated with increased postoperative morbidity. It is associated with
increased blood loss, risk of blood transfusion, ICU admissions, wound sepsis, urological complications, and poor neonatal outcome.
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This condition is often diagnosed during CS, upon placental
removal, with unfavorable maternal outcome. Attempts to
remove the placenta can cause severe uterine bleeding. An
accurate prenatal diagnosis is required to reduce the risk of
maternal/fetal morbidity and mortality [5]. Antenatal diagnosis

INTRODUCTION

Morbidly adherent placenta is a condition in which all or
part of the placenta is adherent to the uterine wall because
of myometrial invasion [1]. Morbidly adherent placenta
complicates as many as 1 per 500 pregnancies [2]. Morbidly
adherent placenta includes placenta accreta, increta, and

percreta as it penetrates through the decidua basalis then
through the myometrium. For ease of description, the term
accreta is used for all these conditions [3]. In addition to
previous cesarean section (CS), maternal age over 35 years,
multiparity, previous curettage, and placenta previa are risk
factors associated with morbidly adherent placenta [4].
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of placental invasion has the potential to improve maternal
and fetal outcomes [6]. Sonography with grayscale and color
Doppler imaging is the recommended first-line modality
for diagnosing morbidly adherent placenta [7]. Myometrial
involvement greater than 1 mm with large placental lakes on
Doppler ultrasound predicts myometrial invasion [1].

The diagnosis of morbidly adherent placenta involves a number
of different ultrasound variables, some qualitative and others
that have been quantified. These markers include an inability
to visualize the normal retroplacental clear zone, irregularity
and attenuation of the uterine—bladder interface, retroplacental
myometrial thickness, presence of intraplacental lacunar spaces,
and bridging vessels between the placenta and the bladder wall
when using color Doppler [8]. The approach to management
included various procedures like obstetric hysterectomy,
internal iliac artery ligation, uterine ligation, sewing placental
bed, leaving placenta in situ, B-Lynch suture, uterine packing,
pelvic packing, and wedge resection of the uterus [9].

A predictive equation consisted of a group of variable
parameters found to lead to significant improvement in the
prediction of morbidly adherent placenta, termed the placenta
accreta index (PAI). Each parameter was weighted to create a
nine-point scale in which a score of 0—9 provided a probability
of invasion that ranged from 2 to 96%, respectively [10].

Therefore, this study aims to evaluate the role of the PAI in
predicting placental invasion in patients with placenta previa.

PATIENTS AND METHODS

This study was carried on 60 pregnant women with placenta
previa (after 30 weeks of gestation). They were recruited from
the Obstetrics and Gynecology clinic of Shebin El Kom Teaching
Hospital in the period from January 2019 to December 2020.

Ethical consideration

The institutional committee’s ethical criteria were followed
during all proceedings. The Shebin Elkom Teaching Hospital’s
Local Medical Ethics Committee approved the study.
Following an explanation of the purpose, procedures, and
nature of the study to all participants, signed informed consent
was obtained from each participant.

Inclusion criteria

Patients diagnosed with placenta previa in all forms, gestational
age in the third trimester, with or without previous CS or any
uterine scar, and with or without mild bleeding were included
in this study.

Exclusion criteria
Severe bleeding.

Methods
This study was a prospective study. All patients were subjected
to the following:

Complete assessment of history, full general and abdominal
examination, full laboratory investigations (complete

blood count, ABO, Rh and random blood sugar), and full
imaging investigations (for each patient, the whole placenta
was scanned in a systematic manner using both grayscale
ultrasound and color flow mapping. The placenta was imaged
with a sufficient bladder volume to clearly visualize the serosa—
bladder interface, and the angle of insonation was maintained
as low as possible).

Transabdominal grayscale ultrasound

Transabdominal ultrasound was performed for the patients
using the Voluson 730 Pro V machine (GE Healthcare Austria
GmbH & Co OG. Model: Voluson E8, Atlanta, USA) medical
machine, equipped with a 3.5 MHz sector transducer for TAS,
the women were placed in a supine position and ultrasound
examination was performed with the bladder partially filled,
which allows optimal visualization of the uterine serosa and
the bladder wall. Ultrasound detects fetal viability, fetal
maturity, fetal age, and location of the placenta.

Color Doppler imaging
Doppler was used to assess abnormal vasculature.

Placenta accreta index

The PAI is a predictive equation used in the imaging findings
to detect significant improvement in the prediction of placenta
accreta. Each parameter was weighted to create a nine-point
scale, in which a score of 09 provided a probability of invasion
that ranged from 2 to 96%, respectively.

Cesarean section

All the women enrolled in this study had undergone CS; the
definitive diagnosis of placenta accreta was made at delivery
when the myometrium was seen to be invaded by the placenta.

Pathological examination
The hysterectomy specimens were sent for pathological
confirmation of the presence of morbidly adherent placenta.

Statistical analysis

Results were analyzed and tabulated using Microsoft Excel
2016 and SPSS v. 21. (SPSS Inc., Chicago, Illinois, USA).
Percentage (%), mean, and SD were calculated. Analytical tests
were y and Fisher exact tests. An unpaired ¢ test was used to
compare two groups in terms of quantitative variables. A value
of P value less than 0.05 was considered to be statistically
significant.

ResuLts

In our study, patients with placenta accreta were significantly
older than patients with nonaccreta placenta previa (P = 0.005).
The number of pregnancies was significantly higher in accreta
than nonaccreta patients (P = 0.000). Also, the decreased
number of labors was associated with decreased incidence
of placenta accreta (P = 0.000). Table 1 shows the relation
between placenta accreta and previous obstetric history.

This study shows that there were no significant differences
between accreta and nonaccreta patients in terms of
number of abortions, the previous history of antepartum
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hemorrhage, and the previous history of normal vaginal
delivery; the number of previous CS was significantly
higher in nonaccreta patients (P = 0.000) while the number
of previous dilation and curettage was significantly higher
in accreta patients (P = 0.001). The previous history
of placenta previa was significantly higher in accreta
patients (P = 0.000) (Table 2).

In our study, there was no significant difference between
accreta and nonaccreta patients in terms of the time of CS. The
placenta previa type was centralis in all accreta patients, while

Table 1: Demographic data of the patients included in the
study

Demographic data Accreta Nonaccreta P
(n=19) (n=41)

Age (years)
Mean+SD 31.79+4.77 27.76+5.22 0.005*
Range 24-40 20-39

Gravidity
Mean+SD 4.26+1.195 2.29+1.616 0.000*
Range 2-6 2-6

Parity
Mean+SD 3.32+1.53 1.61x1.41 0.000*
Range 1-6 0-5

Data are presented as mean+SD, n (%); the Student ¢ test was used.
*Statistically significant at the 95% level of confidence.

in nonaccreta patients, it was lateralis in 14 patients, marginalis
in 10 patients, and centralis in 17 patients. The difference was
significant (P = 0.000) (Table 3).

Also, preterm labor was found in 15 (78.95%) patients in the
accreta group and six (14.36%) patients in the nonaccreta
group (P =0.000). Hysterectomy was performed in 14 (73.68%)
patients in the accreta group and four (9.76%) patients in the
nonaccreta group (P = 0.000). Urological complications occurred
in five (26.32%) patients in the accreta group and one (2.44%)
patient in the nonaccreta group (P = 0.004). Blood transfusion
was needed in 16 (84.21%) patients in the accreta group and
seven (17.07%) patients in the nonaccreta group (P = 0.000). ICU
transfer was needed in 10 (52.63%) patients in the accreta group and
two (4.88%) patients in the nonaccreta group (P=0.000) (Table 4).

By pathological study, placenta accreta was found in
three (21.43%) patients, while placenta percreta was found
in six patients. Placenta increta was found in five (35.71%)
patients. Table 5 shows the parameters of the PAI among the
patients included in the study.

In this study, all the parameters of the PAI were found to be
statistically significant. The total score was significantly higher
in accreta patients (P = 0.000) (Table 6).

Eighteen patients who had index above 4; 17 of these patients
were found to have placenta accreta, while it was found in two

Table 2: Previous obstetric history of the patients included in this study

Previous obstetric history Accreta (n=19) Nonaccreta (n=41) P
Abortion
No abortion 6(31.58) 22 (53.66)
One abortion 3(15.79) 5(12.20)
Two abortions 5(26.32) 6(14.63) 0.436°
Three abortions 5(26.32) 8 (19.51)
Previous D&C
No D&C 9(26.32) 28 (68.29)
One D&C 0 5(12.20)
Two D&C 4(21.05) 8(19.519) 0.001*
Three D&C 6(31.58) 0
Previous CS
No CS 0 8(19.519)
One CS 4(21.05) 10 (24.39)
Two CS 4(21.05) 23 (56.10) 0.000°*
Three CS 11 (57.89) 0
History of antepartum hemorrhage
No 3(15.79) 13 (31.71) 0.195¢
Yes 16 (84.21) 28 (68.29)
Previous normal vaginal delivery
No delivery 13 (68.42) 28 (68.29)
1 delivery 3(15.79) 6(14.63)
2-3 delivery 2(10.53) 7(17.07) 0.405¢
>3 delivery 1(5.26) 0
History of placenta previa
No 13 (68.42) 41 (100) 0.000**
Yes 6(31.58) 0

Data are presented as n (%). CS, cesarean section; D&C, dilation and curettage. *Pearson y? test. *Statistically significant at the 95% level of confidence.
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Table 3: Present obstetric history of the patients included
in the study

Present obstetric history Accreta Nonaccreta P
(n=19) (n=41)

Time of CS
Emergency 8 (42.11) 12 (29.27) 0.326°
Elective 11 (57.89) 29 (70.73)

Placenta previa types
Lateralis 0 14 (34.15)
Marginalis 0 10 (24.39) 0.000**
Centralis 19 (100) 17 (41.46)

Data are presented as n (%). CS, cesarean section. “Pearson y? test.
*Statistically significant at the 95% level of confidence.

Table 4: Maternal and fetal morbidity among the patients
included in the study

Maternal and fetal morbidity  Accreta  Nonaccreta P
(n=19) (n=41)

Preterm labor
Yes 15 (78.95) 6 (14.63) 0.000°*
No 4(21.05) 35(85.37)

Hysterectomy
Yes 14 (73.68) 4(9.76) 0.000**
No 5(26.32) 37(90.24)

Urological complications
Yes 5(26.32) 1(2.44) 0.004*
No 14 (73.68) 40 (97.56)

Blood transfusion
Yes 16 (84.21) 7(17.07) 0.000**
No 3(15.79) 34 (82.93)

ICU transfer
Yes 10 (52.63) 2(4.88) 0.000**
No 9(47.37) 39 (95.12)

Data are presented as n (%). “Pearson y? test. *Statistically significant at
the 95% level of confidence.

Table 5: Characteristics of placenta accreta by pathology

Placenta accreta Number of patients (n=14) (%) P
Type
Accreta 3(21.43)
Increta 5(35.71) 0.607*
Percreta 6 (42.86)

Data are presented as n (%). %? goodness-of-fit.

patients with index below or equal to 4. The difference was
significant (P = 0.000). The sensitivity, specificity, positive
predictive value, and negative predictive value of the index
are shown in Table 7 and Fig. 1.

Discussion

The published literature is difficult to interpret because of
several problems in the definition, terminology, and diagnosis
of this disorder. Panels of experts have published consensus
statements that aim to standardize the descriptions and minimum
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Figure 1: ROC curve of the placenta accreta index in the diagnosis of
placenta accreta. ROC, receiver operating characteristic.

requirements for the diagnosis of pacenta accreta spectrum
(PAS) [11,12]. In this study, the analysis was carried out using
a receiver operating characteristic curve, which indicated that
the combination of the smallest sagittal myometrial thickness,
intraplacental lacunae, and bridging vessels, in addition to
the number of previous cesarean deliveries and placental
location (PAI), generates an area under the curve of 0.935. In our
study, score 4 was found to be the best cutoff point to diagnose
placenta accreta. A total of 18 patients had index above 4; 17
of these patients were found to have placenta accreta, while
it was found in two patients with index below or equal to 4.
The difference was significant (P = 0.000). The result of our
study as well as the study of Weiniger et al. [13] indicate that
combining diagnostic features associated with PAS disorders
through mathematical modeling may improve the accuracy of
prenatal diagnosis compared with ultrasound alone. However,
like most single-center studies, these may have overestimated
the accuracy because they were carried out in centers specialized
in prenatal diagnostics, and the overall number of cases of PAS
disorders included in these series is small. This study also did not
differentiate between adherent and invasive cases, limiting the
use of the data in clinical practice. In our study, the sensitivity
of score 4 of PAI was 89.5% while the specificity was 97.6%.
In agreement with the results of our study, Warshak et al. [6]
reported that the criteria of abnormal placenta detected by
grayscale ultrasound had a sensitivity of 86% and an negative
predictive value of 92%. They concluded that visualization of
lacunae has the highest sensitivity in the diagnosis of placenta
accreta. Similarly, Levine et al. [14] reported similar high
sensitivity (88%) and specificity (99%) with grayscale ultrasound.
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Table 6: Parameters of the placenta accreta index of the patients included in the study

Placenta accreta index Accreta (1=19) Nonaccreta (n=41) P
>2 cesarean deliveries
Yes 15 (78.95) 21(51.22) 0.041*
No 4 (21.05) 20 (48.78)
Lacunae
Grade 0 3(15.79) 20 (48.78)
Grade 1 5(26.32) 16 (39.02) 0.001*
Grade 2 3(15.79) 3(7.32)
Grade 3 8 (42.11) 2 (4.88)
Sagittal smallest myometrial thickness
<l mm 14 (73.68) 5(12.2) 0.0007*
>1 but<3 mm 5(26.32) 11 (26.82)
>3 but<5 mm 0 25 (60.98)
Anterior placenta previa
Yes 14 (73.68) 10 (24.39) 0.0007*
No 5(26.32) 31(75.61)
Bridging vessels
Yes 13 (68.42) 7(17.07) 0.000°*
No 6(31.58) 34 (82.93)
Total score
Mean+SD 5.947+1.992 2.665+1.227 0.000°*
Range 2-9 0.25-4.25

Data are presented as mean+SD, n (%). “Pearson y2. *Student 7 test. *Statistically significant at the 95% level of confidence.

Table 7: Placenta accreta index more than 4

PAI Accreta (n=19) Nonaccreta (n=41) P Sensitivity Specificity PPV NPV
Score>4 17 (89.47) 1(2.44) 0.000%  89.5% (17/19)  97.6% (40/41)  94.44% (17/18)  95.24% (40/42)
Score<4 2(10.53) 40 (97.56)

Data are presented as n (%). NPV, negative predictive value; PAI, placenta accreta index; PPV, positive predictive value. “Pearson y? test. *Statistically

significant at the 95% level of confidence.

As mentioned in the literature, MRI is considered an
adjunctive modality and adds little to the diagnostic accuracy
of ultrasound, which is found to be very accurate, and MRI
added no additional information in any case, except one, in
which the placenta was posterior [ 7]. Two studies found that the
diagnostic value of ultrasound imaging and MRI in detecting
placenta accreta is comparable. The first one, published in
2013, included 13 studies, and a sensitivity of 83%, specificity
of 95%, and diagnostic odds ratio (DOR) of 63.41 were
reported for ultrasound imaging compared with a sensitivity
of 82%, a specificity of 88%, and DOR 0f22.95 for MRI [13].
The second study included 18 studies and found that in terms of
the overall diagnostic accuracy of MRI, a sensitivity of 94.4%,
a specificity of 84.0%, and DOR of 89.0 were obtained [15].

In this study, we found that the identification of placenta
accreta among women was associated with similar risk factors
and adverse maternal outcomes. Placenta previa in the current
pregnancy with a history of previous cesarean or previous uterine
surgery was significantly more common in the accreta group,
which was confirmed by previous studies [16,17] The outcomes
with placenta accreta were significantly more likely to have a
major hemorrhagic morbidity including postpartum hemorrhage,
blood transfusion, hysterectomy, and maternal ICU admission.

Our findings are consistent with those of Roeca et al. [18],
who found that the risk factors for PAS increase proportionally
with the number of previous cesarean deliveries. The incidence
rate increases by 28, 32, and100% for the first, second, third,
and fourth CS, respectively. Also, this study showed that the
maternal age is older in the accreta group than the nonaccreta
group, and this is a significant risk factor for PAS, as confirmed
by Vinograd et al. [19]. In this study, 31% of PAS cases were
associated with placenta previa. This is consistent with the
findings of Oyelese and Smulian [20]. PAS was associated
with adverse maternal outcomes. Preterm labor was found in
15 (78.95%) patients in the accreta group and six (14.36%)
patients in the nonaccreta group (P = 0.000). Hysterectomy
was performed in 14 (73.68%) patients in the accreta group
and four (9.76%) patients in the nonaccreta group (P =0.000).
Urological complications occurred in five (26.32%) patients
in the accreta group and in one (2.44%) patient in the
nonaccreta group (P =0.004). Blood transfusion was needed in
16 (84.21%) patients in the accreta group and seven (17.07%)
patients in the nonaccreta group (P = 0.000). ICU transfer
was needed in 10 (52.63%) patients in the accreta group and
two (4.88%) patients in the nonaccreta group (P = 0.000),
which is consistent with the study of Mullen ef al. [16].
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In our study, there was no statistically significant difference
between adherent and nonadherent placenta in relation
to age, gravidity, and parity. This is consistent with Chou
et al. [8] and Cali et al. [21], who reported that there was no
statistically significant difference between morbidly adherent
placent (MAP) and nonadherent placenta in relation to age,
parity, and gravidity, while Jacques ef al. [22] showed that
there was a highly significant difference between placenta
accreta and high gravidity. Placenta accreta is associated with
intraoperative and postoperative morbidity caused by massive
blood transfusion, infection, and adjacent organ damage [7].
84.2% received blood transfusion, 52.6% were referred to the
ICU due to severe complication and for better follow up, and
73.68% needed peripartum hysterectomy. This is consistent
with Zelop et al. [23], and Robinson and Grobman [24];
26.32% of the patients had urological complications. Eller
et al. [3] reported that ureteric stent placement may help to
reduce the risk of ureteric injury. Prematurity was the primary
neonatal complication associated with placenta accreta. It
occurred in 78.95%. This is in agreement with Gielchinsky
et al. [25]. They found that pregnancies complicated with
placenta accreta have increased incidence of preterm
deliveries. Comstock et al. [26] had found that the presence
of lacunae in the placenta at 15-20 weeks of gestation was
the most predictive sonographic sign of placenta accreta,
with a sensitivity of 79% and a positive predictive value of
92%. These lacunae may give the placenta a ‘moth-eaten’
or a ‘Swiss cheese’ appearance. Thus, they serve as useful
indicators for the early diagnosis of placenta accreta.

CoNncLusIoN

Both grayscale and color Doppler ultrasound were very
important in the prenatal diagnosis of placenta accreta to
reduce maternal and perinatal mortality and morbidity, but
color Doppler had higher sensitivity and specificity. PAI score
4 can be used as a predictive cutoff value for the prediction
of placental invasion in patients with placenta previa.
Placenta previa in current pregnancy, previous uterine scar,
increased maternal age, high number of dilation and curettage
and pregnancies and labor, and the presence of a previous
history of placenta previa are all risk factors for placenta
accrete, and it is associated with increased postoperative
morbidity, increased blood loss, risk of blood transfusion,
ICU admissions, wound sepsis, urological complications,
and poor neonatal outcome.
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