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Abstract

Objective

To evaluate certain two-dimensional (2D) ultrasound signs as predictors of massive peri-

operative blood loss (PBL) in pregnant women with placenta previa suspicious of PAS

disorder.

Materials and methods

A single center retrospective study was done in pregnant women who had undergone pre-

natal diagnosis with 2D ultrasound grey scale and color Doppler using the EW-AIP (which

has been changed to IS-PAS (International Society for the Placenta Accreta Spectrum)) cri-

teria between January 2007 and May 2021. The patients were divided into 2 groups, non-

massive hemorrhage with PBL� 2500 mL and massive PBL >2500 mL. All PAS cases had

pathological confirmation. Ultrasound signs and hemorrhagic outcomes were compared

between the two groups. A PAS scoring system to predict massive PBL was constructed

and a receiver operating characteristic (ROC) curve was calculated to evaluate the efficacy

of the scoring system.

Results

Of 534 women, 146 (28.3%) had PBL > 2500 mL and 388 (71.7%) had PBL� 2500 mL. In

the massive PBL group, 101 (69.2%) were diagnosed as PAS and 45 (30.8%) as placenta

previa alone. From 10 evaluated 2D ultrasound signs, 3 had the highest odds ratios (ORs)

associated with massive PBL, ‘focal exophytic mass’ OR 8.17 (p = 0.024), ‘placental bulge’

OR 2.47 (p = 0.011), and ‘placental lacunae feeder vessels’ OR 2.38 (p = 0.01). When using

the PAS scoring system, the AUC to predict massive PBL was 0.80 (95% CI, 0.76–0.85,).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0276153 October 14, 2022 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Watthanasathitnukun W, Pranpanus S,

Petpichetchian C (2022) Two-dimensional

ultrasound signs as predictive markers of massive

peri-operative blood loss in placenta previa

suspicious for placenta accreta spectrum (PAS)

disorder. PLoS ONE 17(10): e0276153. https://doi.

org/10.1371/journal.pone.0276153

Editor: Simone Garzon, Universita degli Studi

dell’Insubria, ITALY

Received: February 20, 2022

Accepted: September 29, 2022

Published: October 14, 2022

Copyright: © 2022 Watthanasathitnukun et al. This

is an open access article distributed under the

terms of the Creative Commons Attribution

License, which permits unrestricted use,

distribution, and reproduction in any medium,

provided the original author and source are

credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-8056-2617
https://doi.org/10.1371/journal.pone.0276153
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0276153&domain=pdf&date_stamp=2022-10-14
https://doi.org/10.1371/journal.pone.0276153
https://doi.org/10.1371/journal.pone.0276153
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Conclusion

Our PAS scoring system based on 2-dimensional ultrasound signs combined with grey

scale and color Doppler is useful to predict massive PBL and can help optimize pre-opera-

tive management in cases of previa suspicious of PAS.

Introduction

Placenta accreta spectrum (PAS) disorder is a condition in which trophoblasts invade abnor-

mally into the myometrium. PAS severity is classified into 3 groups based on the depth of inva-

sion from histology, placenta accreta, placenta increta and placenta percreta [1]. The

subgroups of PAS which can cause life-threatening hemorrhage are placenta increta and per-

creta, which are defined as abnormally invasive placenta (AIP) and less likely to respond to

conservative management [2–4]. The incidence of PAS has been increasing globally in recent

years, mainly because cesarean rates have increased to 1:220–533 births worldwide [5–7], with

the largest increases found in developing countries [5, 8–10].

PAS is associated with hemorrhagic morbidities such as massive blood loss and massive

blood transfusion, which can occur in any degree of PAS severity [11, 12]. Previous studies

have found that blood loss of more than 2500 mL was significantly associated with the need for

blood transfusion, ICU admission, and other complications associated with bleeding such as

acute renal failure or even maternal death [11, 13–15]. Antenatal detection of PAS disorders

plays an important role in reducing hemorrhagic morbidities [16–20]. Two-dimensional (2D)

ultrasonography is the recommended tool for the diagnosis of PAS, as it has a proven high

detection rate and is available in most centers [7, 11, 13, 19, 20]. Accurate prenatal detection of

PAS enables timely transfer of care to a tertiary center where appropriate pre-operative readi-

ness of a multidisciplinary team of experienced specialists, intensive care units, blood compo-

nents and necessary supportive facilities can ensure an optimal outcome [2, 3, 21]. However,

there are still some limitations and controversy about the role of antenatal ultrasonography in

predicting peri-operative blood loss (PBL) [11, 20, 22, 23]. When the severity of bleeding is

underestimated, the preparation of blood components may be inadequate to promptly replace

massive bleeding during surgery and can result in several intra- and post-operative complica-

tions. Contrarily, if blood loss is overestimated, some of the blood components will be wasted.

Therefore, reasonably accurate prediction of intraoperative blood loss is a major concern

when preparing for surgery, particularly in developing countries where there might be a short-

age of blood donations or blood bank facilities.

In previous studies, a cluster of ultrasound findings suggestive of massive bleeding and co-

morbidities associated with PAS disorders have been reported [7, 11, 24–29]. However, the

terms used for the diagnosis and different ultrasound signs have been inconsistently reported

among these studies. The purpose of this study was to systemically evaluate the two-dimen-

sional ultrasound signs which have been recommended as the main diagnostic modality for

PAS as predictive for peri-operative massive hemorrhage in women with placenta previa sus-

pected of PAS.

Materials and methods

This retrospective study was done in Songklanagarind Hospital, the major tertiary and referral

center for prenatal diagnosis and management of PAS in the south of Thailand. The study was
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approved by the Ethics Committee of the Faculty of Medicine, Prince of Songkla University

(#63-663-12-4.). Written informed consent was waived as the data were retrieved retrospec-

tively and anonymized. The inclusion criteria were pregnant women with gestational age of

26–40 weeks with a diagnosis of placenta previa suspicious of PAS disorders such as a history

of previous uterine surgery. We reviewed the medical records of 534 pregnant women deliv-

ered between January 2007 and May 2021 in our institution. Patients who had incomplete

medical records were excluded from the study.

Our prenatal diagnosis protocol used 2D ultrasonography (GE Volusion E8 and S10, GE

Medical Systems, Zipf, Austria) performed by maternal-fetal medicine specialists to evaluate

women at risk of PAS. The recorded 2D ultrasonographic images used the 2D ultrasound cri-

teria of the European Working Group on Abnormally Invasive Placenta (EW-AIP, which has

been changed to IS-PAS (International Society for the Placenta Accreta Spectrum) [30]. Six 2D

greyscale and 4 color Doppler ultrasound signs were evaluated in all study patients who were

suspected of PAS. All the placenta previa patients suspicious of PAS were prepared and deliv-

ered by our PAS team by cesarean section at gestational ages of 34–36 weeks following the pro-

tocol of our institution. Following our hospital protocol, the management plan and possible

complications were discussed with all patients prior to their surgeries. After the surgery, all

hysterectomy cases were pathologically confirmed. Patients in whom the placenta was able to

be manually removed during cesarean delivery were diagnosed as placenta previa without

PAS.

The study data retrieved from the database system of our institution included patient char-

acteristics, prenatal ultrasound findings, operative notes, delivery outcomes and pathology

reports. The primary outcome was peri-operative blood loss (PBL) as recorded in the operative

notes. PBL was defined as the summary of blood loss measured from the uterine incision until

the end of surgery, as assessed by the contents of the suction canister and blood-soaked materi-

als, less the estimated amount of amniotic fluid collected in the cannister. The secondary out-

comes were units of transfused blood components, injury to adjacent organs, ICU admission

and post-operative complications. The participants were classified based on PBL into two

groups: non-massive (� 2500 mL) and massive (>2500 mL) PBL.

The ultrasound findings were evaluated by 2 fetal medicine specialists in our institution.

The agreements of each ultrasound sign between the two observers were evaluated 50 cases

randomly selected during the study period to which they were blinded from the histopathology

results. The agreement between the 2 doctors were between 0.7–1.0 in each ultrasound sign

when using Cohen’s Kappa analysis.

The statistical analysis was performed using the R-program. For the demographic data, con-

tinuous variables were analyzed as mean or median depending on the distribution of the data.

Nominal variables were calculated as absolute number and percent. Odds ratios were calcu-

lated for the primary outcome using multivariate analysis. A ROC curve was generated to

assess the diagnostic accuracy of the scoring system for the identification of patients who

develop massive PBL in PAS. The scoring system was created by using the coefficients of each

ultrasound sign and multiplying them into numeric scores. Sensitivities, specificities, false pos-

itive rates, false negative rates, positive predictive values and negative predictive values were

calculated to create an optimal cut point for the scoring system. Values of P < 0.05 were con-

sidered statistically significant.

Results

534 pregnant women with a diagnosis of placenta previa suspicious of PAS were identified

during the 14-year study period, with 18 patients later excluded due to incomplete records of
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2D ultrasound signs or PBL. The remaining 516 patients were classified into 2 groups based on

PBL, 370 (71.7%) in the non-massive PBL group and 146 (28.3%) in the massive PBL group as

shown in Fig 1. In the non-massive PBL group, most (296, 80%) were placenta previa. In the

massive PBL group, the largest group was placenta increta, with 57 patients (39%).

The characteristics between the two groups are compared in Table 1. The medians of

maternal age, parity and number of previous cesarean deliveries were all significantly higher in

the massive PBL group. The numbers of elective or emergency surgeries were not significantly

different between the groups. The median blood loss in the placenta previa group was 1000

mL (IQR 1,533–1,800 mL) and in the PAS group was 3,000 mL (IQR 1,700–3,500 mL). The

numbers of patients requiring packed red cells (PRC), fresh frozen plasma (FFP) and platelet

concentrations (PC) were all significantly higher in the massive PBL group. The numbers of

patients requiring hysterectomy, having intra-operative bladder or ureter injuries, or ICU

admission were also higher in the massive PBL group.

There were 175 PAS cases out of the total 516 cases, of whom 42 (24%) were placenta

accreta, 96 (54.9%) were placenta increta and 37 (21.1%) were placenta percreta, and 341 cases

of placenta previa without PAS. The 2D ultrasound signs associated with massive PBL in the

PAS group are shown in Table 2, 9 of the 10 having statistical significance. The 2D ultrasound

signs that were associated with massive PBL in placenta previa without PAS were loss of clear

zone, abnormal placental lacunae and placental lacunae feeder vessels (Table 3).

The odds ratios (OR) for the different 2D ultrasound signs that were statistically signifi-

cantly associated with massive PBL in PAS are shown in Table 4. The 3 highest ORs to predict

massive PBL were focal exophytic mass, which had an OR of 8.16, placental bulge, which had

an OR of 2.47, and placental lacunae feeder with an OR of 2.38. Based on these findings, a scor-

ing system to predict massive PBL in PAS was created by categorizing the signs with the

adjusted ORs into a numerical scoring system as shown in Table 5. When using this scoring

system to predict massive PBL in PAS, different cutoff scores gave different diagnostic accura-

cies, as shown in Table 6. The cutoff score of equal to or higher than 2 gave a moderately high

sensitivity and positive predictive value and a high specificity and negative predictive value to

predict massive PBL in PAS. When using this PAS scoring system, the AUC to predict massive

PBL in PAS group was 0.80 (95% CI, 0.76–0.85), as shown in Fig 2.

Fig 1. Flow chart of study patients. PAS: placenta accreta spectrum, PBL: perioperative blood loss.

https://doi.org/10.1371/journal.pone.0276153.g001
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Discussion

Massive bleeding is one of the most common problems in the management of PAS whether

the patient is having conservative surgery or a cesarean hysterectomy [19, 31, 32]. The average

blood loss during PAS surgery has been reported as varying between 2000 and 5000 mL, levels

which require in turn massive blood transfusion [13, 16, 33, 34]. PAS also involves increased

rates of organ injuries and ICU admissions and longer hospital stays, as found in our study

and other studies [11, 13, 35, 36]. Our study was done in the main tertiary referral center for

managing PAS in the south of Thailand, where the incidence of PAS has been increasing for

several years now and recently reported the very high rate of 1:161 deliveries [10]. The average

blood loss in PAS during the study period was 2500 mL, which is in the same range as other

studies [34–37]. In our study, most of the PAS cases underwent a cesarean hysterectomy (94%)

Table 1. Patient characteristics compared between the non-massive and massive perioperative blood loss (PBL) groups.

Non-massive PBL Massive PBL P value

n (%) n (%)

370 (71.3) 146 (21.1)

Age, years (median) 34 36 0.03

Weight, kg (median) 66 65 0.323

Gravidity (number) <0.001

1 (%) 72 (19.5) 11 (7.5)

�2 (%) 298 (81.5) 135 (92.5)

Parity <0.001

0, n (%) 95 (25.7) 13 (8.9)

�1, n (%) 275 (74.3) 133 (91.1)

Previous cesarean section < 0.001

Null, n (%) 186 (50.3) 23 (15.8)

1, n (%) 124 (33.5) 66 (45.2)

2, n (%) 45 (12.2) 47 (32.2)

� 3, n (%) 15 (4) 10 (6.9)

Emergency/Elective cases 0.874

Elective cases, n (%) 220 (59.5) 85 (58.2)

Emergency cases, n (%) 150 (40.5) 61 (41.8)

Perioperative blood loss, mL (median) 1000 4500 <0.001

Intraoperative transfusion

PRC units, (median) 0 5.5 (0, 6) < 0.001

FFP mL, (median) 0 942.5 (500, 1611) < 0.001

PC units, (median) 0 0 (0, 6) < 0.001

Intraoperative procedures

Hysterectomy, n (%) 91 (24.6) 122 (83.6) < 0.001

Four-vessel ligation, n (%) 14 (3.8) 6 (4.1) 1.0

B-lynch, n (%) 2 (0.5) 1 (0.7) 1.0

Intraoperative complications

Bowel injury, n (%) 1 (0.3) 2 (1.4) 0.194

Bladder injury, n (%) 5 (1.4) 18 (12.3) < 0.001

Ureter injury, n (%) 0 (0) 5 (3.4) 0.002

Length of hospital stay, days (median) 6 10 < 0.001

ICU admission, n (%) 18 (4.1) 56 (84.8) < 0.001

PBL—perioperative blood loss, PRC—packed red cells, FFP—fresh frozen plasma, PC—platelet concentration, ICU—intensive care unit

https://doi.org/10.1371/journal.pone.0276153.t001
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without trying to remove the placenta as the preferred surgical technique to prevent massive

blood loss, as has been reported in other studies [2, 21, 36, 38]. PBL amounts of more than

2500 mL have been associated with significant hemorrhagic morbidities [34, 35, 39]. Accurate

estimation of the expected blood loss during an operation and preparation of the appropriate

amount of blood products for transfusion is one of the major concerns when preparing for

PAS surgeries, particularly in non-tertiary hospitals or hospitals with no blood bank [2, 19,

39]. If enough blood components are not prepared or available, the patient may face the mor-

bidity of massive hemorrhage or even death, [14, 15] while if an unnecessarily large amount is

prepared, there will be wastage, which is especially to be avoided in areas that lack a blood

bank [40, 41].

Various methods to predict blood loss in PAS have been reported in previous studies,

including the use of pregnancy histories, various ultrasound signs with 2D and/or 3D tech-

niques or even MRI [7, 11–13, 24, 26, 27, 34, 35], although MRI has shown low accuracy in

predicting severe PAS disorders [29]. In our institution, we used 2D ultrasound with the

Table 2. Ultrasound signs examined in the study as predictors of massive blood loss in PAS comparing the non-massive PBL and massive PBL groups.

2D Ultrasound sign Non-massive PBL Massive PBL P value

n (%) n (%)

74 (42.3) 101 (57.7)

Loss of clear zone 61 (82.4) 97 (96) 0.006

Abnormal placental lacunae 55 (74.3) 93 (92.1) 0.003

Bladder wall interruption 40 (54.8) 72 (71.3) 0.037

Myometrial thinning 35 (47.9) 70 (69.3) 0.007

Placental bulge 18 (24.7) 46 (45.5) 0.008

Focal exophytic mass 0 (0) 9 (8.9) 0.011

Uterovesical hypervascularity 55 (75.3) 91 (91) 0.01

Subplacental hypervascularity 15 (20.5) 41 (41) 0.007

Bridging vessels 41 (56.2) 58 (58) 0.932

Placental lacunae feeder vessels 33 (45.2) 72 (72) <0.001

PAS—placenta accreta spectrum, 2D - two dimensional, PBL—perioperative blood loss

https://doi.org/10.1371/journal.pone.0276153.t002

Table 3. Ultrasound signs as predictors of massive blood loss in placenta previa without PAS.

2D Ultrasound sign Non-massive PBL Massive PBL P value

n (%) n (%)

296 (86.8) 45 (13.2)

Loss of clear zone 64 (21.6) 17 (37.8) 0.029

Abnormal placental lacunae 36 (12.2) 12 (26.7) 0.017

Bladder wall interruption, 14 (4.7) 5 (11.1) 0.089

Myometrial thinning 9 (3) 1 (2.2) 1.0

Placental bulge 3 (1) 1 (2.2) 0.434

Focal exophytic mass 1 (0.3) 0 (0) 1.0

Uterovesical hypervascularity 24 (11.4) 8 (21.6) 0.108

Subplacental hypervascularity 6 (2.8) 0 (0) 0.596

Bridging vessels 11 (5.2) 0 (0) 0.378

Placental lacunae feeder vessels 8 (3.8) 5 (13.5) 0.03

2D - two dimensional, PBL—perioperative blood loss

https://doi.org/10.1371/journal.pone.0276153.t003
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EW-AIP criteria to diagnose PAS, which provides detailed descriptions of various ultrasound

signs and have been accepted worldwide, including during the study period [11, 13, 30, 42]. In

our study, 9 of the 10 signs described by the EW-AIP criteria were significantly associated with

massive PBL of>2500 mL in the PAS group. Only the sign of bridging vessels was not associ-

ated with massive PBL, but did show a protective effect, a finding consistent with some previ-

ous studies [11, 13, 28] which did not include bridging vessels in their scoring systems to

predict the severity of PAS. However, some other studies have reported an association of

bridging vessels with massive PBL [7, 24]. Based on our analysis (Table 3), we recommend that

if at least 1 significant ultrasound sign is found in a case of placenta previa without PAS, blood

components should be prepared for transfusion and the surgical team alerted because of an

increased risk of postpartum hemorrhage and the possible need of blood transfusion.

When comparing the amount of PAS blood loss in various studies, the differences in blood

loss may involve many factors such as prenatal diagnosis, grade of PAS, management strategy

of conservative treatment or cesarean hysterectomy, experience of the operator, gestational age

of delivery, and whether elective or emergency surgery [11, 29, 35]. In our study, all placenta

previa suspicious of PAS cases were antenatally diagnosed. There were 133 (84.2%) AIP cases

in our study, which are generally less likely to be treated with conservative surgery, [19, 29, 42]

and all of these patients were counseled and recommended to have elective cesarean hysterec-

tomies between 34–36 weeks following the ACOG recommendations [19].

During the 14-year study period, we had a few staff changes due to retirement. But the most

important thing that changed was the standard surgical technique for PAS cases in our institu-

tion. We modified our surgical technique to reduce blood loss in PAS cases by using a midline

incision of the uterus to avoid placental bleeding, superior devascularization of utero-ovarian

pedicles bilaterally with bipolar vascular sealing, a retroperitoneal dissection to ligate the

Table 4. Odds ratios of 2D ultrasound signs to predict massive PBL in the PAS group.

2D Ultrasound sign Crude OR (95%CI) Adjusted OR (95%CI) P value

Loss of clear zone 6.24 (3.83,10.17) 1.96 (1.01,3.78) 0.047

Abnormal placental lacunae 6.94 (4.37,11.03) 1.86 (0.93,3.72) 0.083

Placental bulge 6.52 (3.69,11.49) 2.47 (1.23,4.97) 0.01

Focal exophytic mass 19.83 (2.49,158.13) 8.16 (0.89,74.47) 0.024

Uterovesical hypervascularity 6.85 (4.34,10.8) 2.19 (1.07,4.47) 0.033

Bridging vessels 3.26 (2.07,5.13) 0.47 (0.24,0.91) 0.022

Placental lacunae feeder vessels 7.8 (4.85,12.54) 2.38 (1.23,4.6) 0.009

2D - two dimensional, PBL—perioperative blood loss, OR—odds ratio, PAS—placenta accreta spectrum, CI -confidence interval

https://doi.org/10.1371/journal.pone.0276153.t004

Table 5. Scores for each ultrasound sign to predict massive PBL in the PAS group.

2D Ultrasound sign Score

Loss of clear zone 0.5

Abnormal placental lacunae 0.5

Placental bulge 1.0

Focal exophytic mass 2.0

Uterovesical hypervascularity 1.0

Placental lacunae feeder vessels 1.0

Bridging vessels -1.0

PBL—perioperative blood loss, PAS—placenta accreta spectrum, 2D - two dimensional

https://doi.org/10.1371/journal.pone.0276153.t005
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anterior branch of the internal iliac arteries and a colpotomy with a posterior approach tech-

nique. So, these changes may have affected the reduction of overall blood loss in our institu-

tion. In terms of delivery settings, the rates of elective and emergency surgery were not

different between the massive and non-massive PBL groups.

Table 6. Diagnostic accuracy of various cut points of the PAS scoring system to predict massive PBL.

Cut point of score Sensitivity Specificity FPR FNR PPV NPV

� 5.0 4% 100% 0% 95% 100% 68%

� 4.0 9% 99% 1% 91% 81% 69%

� 3.5 10% 99% 1% 90% 82% 69%

� 3.0 46% 94% 6% 54% 79% 78%

� 2.5 47% 93% 7% 53% 77% 79%

� 2.0 66% 82% 18% 34% 65% 84%

� 1.5 72% 77% 23% 28% 60% 85%

� 1.0 78% 67% 33% 22% 54% 86%

� 0.5 85% 53% 47% 15% 47% 88%

PAS—placenta accreta spectrum, PBL—perioperative blood loss, FPR—false positive rate, FNR—false negative rate, PPV—positive predictive value, NPV—negative

predictive value

https://doi.org/10.1371/journal.pone.0276153.t006

Fig 2. Receiver operator curve of the scoring system to predict massive PBL in PAS disorders. PAS: placenta

accreta spectrum, PBL: perioperative blood loss.

https://doi.org/10.1371/journal.pone.0276153.g002
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Our new scoring system provides a highly accurate and simple model for predicting mas-

sive PBL with an AUC of 0.80 (95% CI, 0.76–0.85). A previous multicenter study by Zheng

et al. [7] showed an AUC of 0.76 to predict massive PBL� 1500 mL and another by Shazly

et al. [35] used a machine learning model to predict massive PBL� 2500 mL with an AUC of

0.84, but both systems were based on complex formulas which are difficult for practical use

and not generalizable. These 2 studies included large numbers of PAS cases but the Zheng

study included only 67 AIP cases (3.1% of all cases) to verify the scoring system [7], and also

the variety of management strategies for PAS cases inevitable in multicenter studies could

affect the outcomes [29, 35]. Our study did not use maternal history in the scoring system as in

some other studies [7, 26, 28, 35] because a history of previous surgery and/or placenta previa

were found in all cases of PAS reported in previous studies [24, 26, 27]. In our study, we cre-

ated a scoring system focusing on the hemorrhagic outcomes more than the grade of invasion

because this is more related to clinical outcomes. However, some studies have given more

attention to PAS grading [26, 27, 29]. For example, the study of Gilbo et al. [27] reported using

only three 2D ultrasound signs for their scoring system. However, at least 2 of their signs are

always found in any degree of PAS, which may not directly relate to clinical outcomes. The

study of Morel et al. [29] included a large numbers of PAS cases without a definite predicting

system, but did not find any correlations between antenatal ultrasound signs and grade of

PAS. The scoring system of Tovbin et al. [24] focused on the probability of a PAS diagnosis

but was not related to clinical outcomes. The study of Cali G et al. [11] showed correlations

between a group of ultrasound findings and the FIGO 2018 clinical grading system which

were related to clinical outcomes, however, the hemorrhagic outcomes of this study were

much lower than in previous studies, [10, 12, 28, 34, 35] even in the most severe group, which

may reflect different management protocols among the centers.

In Table 6, we show the different cutoff scores of our scoring system to predict massive PBL

in PAS. We propose that two different cut offs would be useful depending on two common dif-

ferent clinical scenarios. For primary and secondary care hospitals that lack specialists or a

blood bank, the cutoff score of� 1.5 should be used as the referral point, while for tertiary hos-

pitals that have the necessary facilities and multidisciplinary teams to properly manage PAS, a

cutoff� 2 is appropriate as an indicator to prepare blood products for transfusion, prepare for

a hysterectomy or prepare for adjuvant hemostatic procedures or intervention radiology to

stop bleeding, which is still not a routine recommendation in most hospitals [12, 35]. Using

this system can help obstetricians to manage PAS cases more confidently, especially in hospi-

tals that lack basic facilities, or assess when it is indicated to refer a patient to a tertiary center

in a timely manner to reduce morbidity and mortality from postpartum hemorrhage, which

remains a core problem in obstetrics, particularly during this period of increasing rates of

cesarean deliveries worldwide.

The main strengths of our study were that our data were based on placenta previa suspected

of PAS cases in a single center and we had a large sample size and a high number of AIP cases.

Also, we used a standard management protocol of PAS in our study during the study period

implemented by the multidisciplinary PAS care team of our institution from diagnosis to

delivery, unlike multicenter studies which would have different management methods. Our

scoring system is based on the 2D ultrasound technique which is available in all hospitals, is

not expensive and does not need extra training as with 3D ultrasound or MRI. Also, our insti-

tution reported high accuracies in diagnosing PAS of between 91 and 94% [10], similar to

other PAS centers [43, 44]. In our center, we have a dedicated PAS surgical care team in which

all surgeons are gynecologic oncologists with many years of experience in difficult surgical

conditions such as PAS, so the average amount of blood loss in our study may have been less

than in studies from other centers which may have been influenced by factors such as surgeon

PLOS ONE Ultrasound signs as predictive markers of massive blood loss in placenta accreta spectrum

PLOS ONE | https://doi.org/10.1371/journal.pone.0276153 October 14, 2022 9 / 13

https://doi.org/10.1371/journal.pone.0276153


experience, surgical technique, accuracy of prenatal diagnosis, etc. [7, 12]. All of our cases of

massive PBL subsequently diagnosed as PAS had the diagnosis confirmed by histology, which

is still the gold standard to diagnose this condition. A recent study by Ishibashi et al. also

found that the severity of bleeding was correlated to PAS histology grading [12]. In the pla-

centa previa only group, our study adds some new information on using ultrasound signs to

predict massive PBL in this group that will be of benefit to other obstetricians in the prepara-

tion of a management care team and blood components for cases of placenta previa which are

considered at risk of massive hemorrhage.

There were also some limitations to this study, primarily due to its retrospective design.

Our study did not evaluate possible correlations between the ultrasound signs and the FIGO

2018 clinical grades [45] as most of our cases underwent surgery before the FIGO grading sys-

tem was implemented. Also, the number of focal lesions or placenta accreta cases which had

successful conservative surgery may have been underestimated.

Conclusion

Predicting massive PBL hemorrhage by using our new scoring system based on the common

2D grey scale and color Doppler ultrasound signs is easy to do and can be useful in helping to

optimize pre-operative management in cases of placenta previa suspicious of PAS. However,

further prospective studies are needed to validate the scoring system.
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