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Abstract
Introduction: The clinical management of placenta accreta spectrum (PAS) de-
pends on placental topography and vascular involvement. Our aim was to deter-
mine whether transabdominal and transvaginal ultrasound signs can predict PAS 
management.
Material and methods: We conducted a retrospective cohort study of consecutive 
prenatally suspected PAS cases in a single tertiary-care PAS center between January 
2021 and July 2022. When PAS was confirmed during surgery, abdominal and trans-
vaginal ultrasound scans were analyzed in relation to PAS management. The preferred 
surgical approach of PAS was one-step conservative surgery (OSCS). Massive blood 
loss and PAS topography in the lower bladder trigone necessitated cesarean hyster-
ectomy. Transvaginal ultrasound-diagnosed intracervical hypervascularity was split 
into three categories based on their quantity. Anatomically, the internal cervical os 
is located at the level of the bladder trigone and was used as landmark for upper and 
lower bladder trigone PAS.
Results: Ninety-one women underwent OSCS and 35 women underwent cesarean 
hysterectomy (total 126 women with PAS). Abdominal and transvaginal ultrasound 
features differed significantly between women that underwent OSCS and cesarean 
hysterectomy: decreased myometrial thickness (<1 mm), 82.4% vs. 100%, p = 0.006; 
placental bulge, 51.6% vs. 94.3%, p < 0.001; bladder wall interruption, 62.6% vs. 97.1%, 
p < 0.001; abnormal placental lacunae, 75.8% vs. 100%, p < 0.001; hypervascularity 
(large lacunae feeding vessels, 57.8% vs. 94.6%, p < 0.001; parametrial hypervascular-
ity, 15.4% vs. 60%, p < 0.001; the rail sign, 6.6% vs. 28.6%, p = 0.003; three-dimensional 
Doppler intra-placental hypervascularity, 81.3% vs. 100%, p < 0.001; intracervi-
cal hypervascularity 60.4% vs. 94.3%, p < 0.001); and cervical length 2.5 ± 0.94 vs. 
2.2 ± 0.73, p = 0.038. Other ultrasound signs were not significantly different. The 
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1  |  INTRODUC TION

Placenta accreta spectrum (PAS) is one of the most challenging com-
plications in obstetrics due to its difficult surgery and high morbidity.1 
The incidence of PAS has increased worldwide over the recent dec-
ades.2,3 Management of PAS is still controversial and there is no clear 
recommendation for the optimal strategy for PAS surgery because 
this mainly depends on the surgeon's experience, antenatal staging, 
and multidisciplinary team planning.4,5 The best-known conserva-
tive surgery methods are one-step conservative surgery (OSCS) and 
triple-P surgery.6,7 In OSCS, myometrial resection is performed (focal 
or diffuse) after intra-surgical staging and surgical vascular control. 
OSCS can only be performed successfully if the placenta is located 
above the level of the bladder trigone and so depends on the PAS 
topography.3,8 The difference with triple-P surgery is the vascular 
control, for which triple-P surgery uses interventional radiology to 
temporarily block the internal iliac artery with a balloon catheter.7

Ultrasound is one of the most widely used diagnostic tools for 
staging of PAS because it is cheap, easy to use, and widely available. 
Although clinical staging of PAS by the grading system of FIGO (the 
International Federation of Gynecology & Obstetrics) may not cor-
relate with the surgical outcome, it is important for epidemiolog-
ical data.1,9,10 Several ultrasound signs are standardized by FIGO 
and the Society for Maternal-Fetal Medicine to reduce the level of 
diversity, which can lead to different perceptions between sonog-
raphers.11–14 Three important principles in the ultrasound exam-
ination of PAS are the uteroplacental interface, abnormal lacunae, 
and the hypervascularity sign.14–16 Ultrasound has a high sensitiv-
ity and specificity for PAS screening, especially in cases of multiple 
positive ultrasound signs, but there is a lack of correlation with the 
clinical treatment.17,18 It is still not clear which of the ultrasound 
signs are best for determining the clinical treatment. Despite the 
fact that several ultrasound studies have attempted to correlate 
ultrasound signs with histopathology,19 the relationship between 
ultrasound signs and the success of OSCS remains unknown.18 The 

aim of this study was to determine which ultrasound signs could 
serve as good predictors for successful treatment of PAS by OSCS.

2  |  MATERIAL AND METHODS

This is a retrospective cohort study conducted during 18 months 
(January 2021 till July 2022) in a single tertiary-care PAS center, 
Dr. Soetomo Academic General Hospital, in Indonesia. All women 
with a previous cesarean section and a placenta previa in the index 
pregnancy were identified as having risk factors for PAS and were 
screened by ultrasound. The PAS topography was analyzed and 
graded according to a recent publication.8

Exclusion criteria were dehiscence of the uterine scar without 
abnormally adherent placenta, no signs of increased vascularity on 
the uteroplacental surface and uterine serosa during the surgery, and 
women in an unstable hemodynamic condition before surgery with-
out adequate pre-surgical ultrasound. Emergency PAS cases with vag-
inal bleeding or uterine rupture but in a stable hemodynamic condition 
were not excluded if ultrasound examinations could be performed.

The grading of PAS was confirmed after the surgery with pathol-
ogy examination of the specimen using the FIGO classification.20 FIGO 
Grade 1 implies that the placenta is abnormally adherent to the myo-
metrium, making it impossible for the surgeon to separate the placenta 

results of multivariable logistic regression showed placental bulge (odds ratio [OR] 
9.3; 95% CI 1.9–44.3; p = 0.005), parametrial hypervascularity (OR 4.1; 95% CI 1.541–
11.085; p = 0.005), and intracervical hypervascularity (OR 9.2; 95% CI 1.905–44.056; 
p = 0.006) were weak predictors of OSCS. Intracervical hypervascularity Grade 1 (vas-
cularity <50% of cervical tissue) was more present in OSCS than higher gradings two 
and three (91% vs. 27.6% vs. 14.3%; p < 0.001).
Conclusions: Cesarean hysterectomy is associated with the PAS signs of placental 
bulge and Grade 2 and 3 intracervical hypervascularity. OSCS is associated with in-
tracervical hypervascularity Grade 1 on transvaginal ultrasound. Prospective valida-
tion is required to formulate predictors for PAS management.

K E Y W O R D S
hysterectomy, one-step conservative surgery, placenta accreta spectrum, pregnancy, 
ultrasound

Key message

Pregnant women with a high risk of PAS should have trans-
vaginal ultrasound in combination with transabdominal 
ultrasound to investigate lower PAS invasion. The assess-
ment and grading of intracervical hypervascularity may be 
useful in the prediction of maternal outcomes and planning 
patient management.
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    |  3ARYANANDA et al.

with gentle traction, and the histopathology reveals the absence of 
decidua between villous tissue and myometrium, with placental villi 
attached directly to the superficial myometrium. FIGO Grade 2 indi-
cates bluish and bulge in the uteroplacental interface with increased 
vascularity and placental villi within the myometrial muscle during his-
topathology examination. Grade 3A indicates that the placental tissue 
is seen to be invading through the surface of the uterus (serosa) and 
the histopathology shows villous tissue within or breaching the uterine 
serosa. FIGO Grade 3B is comparable to Grade 3A with the addition 
of bladder invasion, whereas Grade 3C indicates pelvic organ invasion.

2.1  |  Management of PAS

Management of PAS depends on the surgical grading of PAS.8,21,22 
PAS topography above the bladder trigone (supero-anterior or upper 
parametrium PAS) was deemed suitable for OSCS. The most crucial 
step in OSCS is dissecting the bladder and placing multiple sutures in 
the colpouterine pedicles to control vaginal artery anastomosis be-
fore placental resection.3,22 Because the colpouterine pedicles will 
be sutured to the healthy uterine corpus to control surgical bleeding,6 
these colpouterine sutures are an important step to success in OSCS.

The lower bladder trigone PAS topography (lower anterior or 
lower parametrium of PAS) was an indication for cesarean hyster-
ectomy because damaged tissue of the lower uterine wall, including 
the cervix, makes uterine reconstructive surgery impossible due to 
a lack of healthy tissue and an increased risk of surgical bleeding.6 
In case of anterior lower uterine PAS topography (in the lower level 
of the bladder trigone) with massive fibrotic tissue between the pla-
centa and bladder, or lower parametrium, hysterectomy was per-
formed with a (temporary) aortic clamp to reduce the blood loss.21

The surgical procedures were performed by two surgeons (one 
surgeon with expertise in PAS surgery and one of the Maternal–Fetal 
Medicine trainees who was participating in a PAS surgery fellowship 
at Dr. Soetomo Academic General Hospital). The surgeons were not 
informed about the ultrasound results.

Leaving the placenta in situ as a treatment option was not chosen 
in this study period because long-term follow up of women is not 
possible in our setting.23

Emergency surgery for PAS was performed in cases of major an-
tepartum bleeding24 and/or uterine rupture and/or hematuria before 
surgery.

Unexpected bleeding, resulting in intra-surgical massive blood 
loss, could arise as massive vaginal bleeding or after accidental dam-
age to vessels. This situation needed internal manual aortic com-
pression to control blood loss in order to continue the surgery.

2.2  |  Ultrasound diagnosis of PAS

Before the surgery, a high suspicion of PAS was raised when more 
than three ultrasound signs were suggestive for PAS.17 All ultrasound 
reports were reviewed by an expert in ultrasonographic PAS diagnosis 

(RAA and NIC) using the results of transabdominal gray-scale ultra-
sound (Figure 1A), Doppler ultrasound (Figure 1B), and transvaginal 
ultrasound.12,25–30 The expert was blinded to the surgical outcome.

The transabdominal ultrasound investigations were performed 
according to a previously established method (Supporting Information 
Table S1).12,14–16,28 During transvaginal ultrasound, the internal cervi-
cal ostium is located at the level of the bladder trigone and is a land-
mark for upper and lower bladder trigone PAS.31 The cervical length 
and intracervical hypervascularity—defined as multiple tortuous 
anechoic spaces within the cervix, appearing as hypervascular with 
color Doppler—were analyzed.27 The latter marker may correlate with 
the increased vascularity from the colpouterine pedicles of the uterus, 
which represent the anastomosis of the vaginal and uterine arteries. 
The number of intracervical lacunae was classified in three levels:

Grade 1: Tortuous hypervascularized anechoic spaces <50% of cer-
vical tissue that measured from internal cervical ostium to external 
cervix (the vascular anastomoses of the cervix <50%) (Figure 1C).
Grade 2: Tortuous hypervascularized anechoic spaces >50% of cer-
vical tissue that measured from internal cervical ostium to external 
cervix (the vascular anastomoses of the cervix >50%) (Figure 2A).
Grade 3: multiple hypoechoic images of the cervix >50% of cervi-
cal tissue (the vascular anastomoses of the cervix >50%) with loss 
of clear zone between placental and cervical tissue (Figure 3A).

All ultrasound examinations were performed less than 48 hours 
before surgery.

All transabdominal and transvaginal ultrasound (TVUS) signs 
were correlated with the outcome of PAS surgery. A second analysis 
compared the grading of the intracervical hypervascularity with the 
surgical results.

2.3  |  Statistical analyses

Statistical analysis was performed using the Statistical Package for 
Social Science (SPSS), version 29. The Kolmogorov–Smirnov test 
was used to assess the normality of the distribution of the data. The 
two-group analysis (OSCS vs. cesarean hysterectomy), independ-
ent t test, Mann–Whitney U test, and chi-squared test were per-
formed for the various maternal outcome variables and ultrasound 
signs. Three groups of cervical grading, analysis of variance, and the 
Kruskal–Wallis test were used for normally and non-normally dis-
tributed data, respectively. A binary logistic regression analysis was 
performed to explore the most important ultrasound sign associated 
with cesarean hysterectomy in PAS.

2.4  |  Ethics statement

Ethical approval was obtained from the Ethics Committee in Health 
Research of the Dr. Soetomo Academic General Hospital (number 
1169/LOE/301.4.2/XII/2022 – December 19, 2022).
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3  |  RESULTS

In 149 women the suspicion of PAS was reached antenatally by 
TVUS. In 23 women during surgery, dehiscence of the uterine scar 
without abnormally adherent placenta was present and these cases 
were excluded from this study. A total of 126 women with presurgi-
cally diagnosed PAS had this diagnosis confirmed during surgery and 
were included in the analysis (Figure 4). General characteristics and 
pregnancy outcomes are described in Table 1. None of the women 
had a history of uterine surgery. Eight pregnant women had a low-
lying placenta, one woman had an anterior placenta, and one woman 
had lateral placenta previa, all in the OSCS group. Most women had 
complete placenta previa.

In addition, emergency surgery was performed in 15 women with 
major vaginal bleeding, one woman with hematuria, and four women 

with an uterine rupture. The emergency surgery had worsened out-
comes in this study but was not related to cesarean hysterectomy. 
Surgical complications included seven bladder injuries, two intra-ab-
dominal abscesses after emergency surgery, two uterine atony after 
OSCS (which needed additional uterine compression sutures), and 
two cases of disseminated intra-coagulation due to massive bleeding 
before surgery. There were no maternal deaths (Table 1).

Most ultrasound signs showed differences between the OSCS 
and cesarean hysterectomy groups (Table 2). PAS topography was 
mostly type one (above the bladder trigone) in the OSCS group 
(85.7%), but in the cesarean hysterectomy group it was mostly type 
three (lower bladder trigone) and type four (type three with fibrotic 
tissue between placenta and bladder).

According to the multivariate logistic regression analysis of all 
pregnant women (n = 126), three ultrasound signs proved to be 

F I G U R E  1  (A) Transabdominal 
ultrasound: loss of clear zone (blue arrow) 
following the placental bulge (white 
arrow) that suggests placenta accreta 
spectrum in gray-scale ultrasound. (B) 
Doppler ultrasound: bridging vessels (blue 
arrow) and subplacental hypervascularity 
in the lower uterine segment (white arrow) 
in addition to gray-scale ultrasound. 
(C) Transvaginal ultrasound: tortuous 
hypervascularized anechoic spaces <50% 
of cervical tissue that measured from 
internal cervical ostium to external cervix. 
(D) The colpouterine vessels after bladder 
dissection (black arrow).

F I G U R E  2  (A) Transvaginal ultrasound: 
tortuous hypervascularized anechoic 
spaces along the cervical tissue. (B) 
Colpouterus hypervascularized below the 
placenta accreta spectrum.
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    |  5ARYANANDA et al.

predictive for cesarean hysterectomy: placental bulge (odds ratio 
[OR] 9.3; 95% confidence interval [CI] 1961–44 288; p = 0.005), in-
creased parametrial hypervascularity (OR 4.1; 95% CI 1541–11 085; 
p = 0.005) (Figure 3B) and intracervical hypervascularity (OR 9.2; 
95% CI 1905–44 056; p = 0.006). The results of the logistic regression 
analysis in case of planned surgery (n = 106) show that the presence 
of a placental bulge (OR 24; 95% CI 3085–193 399; p = 0.002) and in-
tracervical hypervascularity (OR 10; 95% CI 2146–47 934; p = 0.003) 
are important ultrasound signs to predict cesarean hysterectomy.

In the majority of cases, intracervical hypervascularity (n = 88, 
70%) was observed. In the OSCS group there was no difference in 
OSCS success between the absence of intracervical hypervascu-
larity and intracervical hypervascularity Grade 1 (94.7% vs. 88.5%; 
p = 0.510).

Transvaginal ultrasound grading of intracervical hypervascular-
ity shows that intracervical hypervascularity <50% (Grade 1) was 
correlated with successful OSCS (Table 3). Grades 2 and 3 were 
highly correlated with cesarean hysterectomy. There was no in-
cidence of vaginal bleeding following transvaginal ultrasound in 
planned surgery, indicating the necessity for TVUS to provide addi-
tional information for surgical strategies before intra-surgical stag-
ing of PAS. The difference between planned and emergency surgery 
is described in the Supporting Information (Tables S2 and S3); a dif-
fuse invasion with advanced grading of PAS is more likely to suggest 
cesarean hysterectomy in line with parametrial hypervascularity in 
Doppler ultrasound.

4  |  DISCUSSION

The present study shows that the presence of a placental bulge, in-
creased parametrial hypervascularity, and intracervical hypervascu-
larity in TVUS is associated with cesarean hysterectomy in women 
with PAS. The findings of this study were collected from a large 

F I G U R E  3  (A) Transvaginal ultrasound: multiple hypoechoic 
images of the cervix >50% of cervical tissue with loss of clear 
zone between placental and cervical tissue. (B) Transabdominal 
ultrasound: complex, irregular arrangement of vessels, exhibiting 
tortuous courses and varying calibers in the parametrial region 
(transverse probe position). (C) Placental tissue was seen in the 
colpouterine area (below the lower uterine segment (LUS) with 
hypervascularization (arrow) after bladder dissection, which may 
indicate that the placenta was abnormally adherent in the cervical 
tissue.

F I G U R E  4  Enrolment data based on the medical record, surgical 
report, ultrasound reports, pathological report. PAS, placenta 
accreta spectrum; US, ultrasound.

Highly suspicious of 

PAS from US (n = 174) 

cases)

Intrasurgical Staging of 

PAS

PAS Confirmed (126 

cases)

Excluded due to 

emergency cases with 

unstable hemodynamic 

(25 cases)

Excluded due to uterine 

dehiscence (23 cases)

One-step conservative 

surgery for upper 

trigonal bladder invasion 

(n = 91)

Cesarean hysterectomy 

for lower trigonal 

bladder invasion (n = 35)

Analysis:

Maternal outcome
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6  |    ARYANANDA et al.

series of pregnant women with PAS managed in one tertiary refer-
ral hospital in East Java. Dr. Soetomo Academic General Hospital is 
a tertiary hospital and the biggest PAS center in Indonesia, with an 
incidence of PAS of 12% of all deliveries per year.

The diagnosis and treatment of PAS is still controversial, partic-
ularly ultrasound signs were not suited for selecting surgical strate-
gies until recently.18 In this study, 62% of PAS topography was above 
the bladder trigone, and 72% of PAS were managed using OSCS. The 
first uterine reconstruction study for PAS found OSCS only suitable 
for PAS above the bladder trigone. This correlates with the site of 
the previous cesarean section.6,8

Other ultrasound studies of PAS show sonopathology of PAS, 
implying that the authors examined ultrasound signs in conjunction 
with the placental pathology.32 This study's inclusion criteria were 
highly suspicious of invasive PAS because the ultrasonography signs 

of loss of clear zone, uterovesical–subplacental hypervascularity, 
and bridging arteries were not different (p > 0.05).32 The difference 
in pre-surgical ultrasound signs between OSCS and cesarean hys-
terectomy in our study may represent an imbalance in sample dis-
tribution regarding the FIGO histological classification and the PAS 
topography classification between the OSCS and cesarean hyster-
ectomy groups. Cesarean hysterectomy is an indication of advanced 
grading of PAS, with diffuse PAS invasion, lower PAS topography 
(Figure 2B), and lower massive vascular anastomosis during surgery, 
requiring aortic control such as manual compression, a clamp, or a 
balloon in several conditions such as massive fibrotic tissue between 
placenta and bladder,21 as in this study (9.9% vs. 54.3%; p < 0.001 for 
all PAS and 9.1% vs. 5.7%; p < 0.001 for planned surgery). As seen 
in the hysterectomy group, the abnormal uteroplacental interface, 
abnormal lacunae, and larger hypervascularity are associated with 

OSCS (N = 91)
Cesarean hysterectomy 
(N = 35) p

Maternal demographics

Maternal age (years)a 33 (22–46) 33 (22–42) 0.847

Gravidab 3 (2–6) 3 (2–7) 0.919

Number of CSb 2 (1–3) 2 (1–3) 0.427

Group of CSc

CS 1× 31 (34.1%) 14 (40%) 0.406

CS 2× 51 (56%) 19 (54.3%)

CS ≥3× 9 (9.9%) 2 (5.7%)

GA surgery (weeks)b 36 (29–39) 36 (27–40) 0.384

Emergency surgeryc 14 (15.4%) 6 (17.1%) 1000

Maternal outcome

Blood loss (mL)b 2358 (±1225) 3086 (±1720) 0.028

Blood transfusion (units)b 2 (0–6) 3 (0–9) 0.011

Aortic compressionc 9 (9.9%) 19 (54.3%) <0.001

Unexpected bleedingc 7 (7.7%) 7 (20%) 0.098

Complicationsc 9 (9.9%) 4 (11.4%) 1000

FIGO grading PASc

Grade 1 16 (17.6%) 0 <0.001

Grade 2 54 (59.3%) 7 (20%)

Grade 3A 15 (16.5%) 10 (28.6%)

Grade 3B-C 6 (6.6%) 18 (51.4%)

PAS topographyc

Type 1 78 (85.7%) 0 <0.001

Type 2 0 2 (5.7%)

Type 3 13 (14.3%) 19 (54.3%)

Type 4 0 13 (37.1%)

Type 5 0 1 (2.9%)

aIndependent t test.
bMann–Whitney U test.
cChi-squared test.
Abbreviations: CS, cesarean section; GA, gestational age; OSCS, one-step conservative surgery; 
PAS, placenta accreta spectrum.

TA B L E  1  Maternal demographics and 
outcome between one-step conservative 
surgery and cesarean hysterectomy.
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    |  7ARYANANDA et al.

the ultrasound sign for advanced grading of PAS due to uterine re-
modeling.32 The cervical sign of the transvaginal ultrasound where 
the advanced grade of PAS is correlated with a shorter cervix in this 
study is supported by another study that mentions that a short cer-
vix has more intra-surgical complexity.33 The shortening of the cer-
vix may represent the imbalance of angiogenic and anti-angiogenic 
factors of PAS34 that make the remodeling of cervical tissue more 
hypervascularized and lacking in healthy colpouterine tissue during 
surgery (Figure 3C).

A previous study showed that lower uterine hypervascularity 
correlates with more complex surgery and blood loss30 and intracer-
vical hypervascularity is independently associated with major post-
partum hemorrhage, cesarean hysterectomy, and placenta percreta.27 
Intracervical hypervascularity indicates uterovaginal artery pedicles 
and cervical grading determines the success of OSCS. Placental bulge, 
especially in the lower part of the uterus, and hypervascular ultrasound 
findings may indicate diffuse placental invasion.35 The placental bulge 
(with or without parametrial hypervascularity) and intracervical hyper-
vascularity, in addition to other ultrasound signs of PAS, are signs that 
highly predict a cesarean hysterectomy. These signs describe the uter-
ine S1–S2 sector for uterine–pelvic vascular anastomosis, of which the 
S2 sector has a more complex vascular network than the S1.36

In our study, 70% of PAS had intracervical hypervascularity, im-
plying that TVUS should be performed routinely in all PAS cases, 
especially before planned surgery. In the study by diPasquo et al., 
ultrasound signs of PAS were compared with placenta previa, to-
gether with the use of balloon tamponade for vascular control.22 In 
this study, where OSCS uses triple-vessel anastomosis vascular con-
trol3,22 it could be a different approach for vascular control. The col-
pouterine pedicles sutured have an important role in OSCS, where 
the vaginal artery anastomosis represents intracervical hypervascu-
larity from the ultrasound sign (Figure 1D).3,22 This is probably re-
lated to hypervascularity from branches of the vaginal arteries. As 
hypervascularity is common in PAS, our grading of this hypervascu-
larity can guide the surgeon to choose between OSCS and hysterec-
tomy or predict adverse outcomes like unexpected bleeding during 
surgery.

We recommended three grades, following the previous study 
on intracervical hypervascularity.27 OSCS was performed mostly 
with intracervical hypervascularity grade 1 (91% vs. 27.6% vs. 
14.3%; p < 0.001) whereas higher grades required a cesarean hys-
terectomy. More severe intracervical hypervascularity like grade 
3 can be difficult to insert multiple sutures of colpouterine ped-
icles, which makes it difficult to control bleeding and impossible 

One-step conservative 
surgery (OSCS) (N = 91)

Cesarean 
hysterectomy (N = 35) p

Transabdominal ultrasoundab

Uteroplacental interface

Loss of clear zone 91 (100%) 35 (100%)

Myometrial thickness 75 (82.4%) 35 (100%) 0.006

Placental bulge 47 (51.6%) 33 (14.3%) <0.001

Focal exophytic mass 4 (4.4%) 4 (11.4%) 0.297

Abnormal lacunae 69 (75.8%) 35 (100%) <0.001

Bladder wall interruption 57 (62.6%) 34 (97.1%) <0.001

2D Doppler

Uterovesical/subplacental 
hypervascularity

82 (90.1%) 35 (100%) 0.061

Large lacunae feeding 
vessel

52 (57.8%) 35 (94.6%) <0.001

Bridging vessels 85 (93.4%) 35 (100%) 0.185

Parametrial hypervascularity 14 (15.4%) 21 (60%) <0.001

The “rail sign” 6 (6.6%) 10 (28.6%) 0.003

3D Doppler intra-placental 
hypervascularity

74 (81.3%) 35 (100%) 0.003

Transvaginal ultrasound

Cervical length (cm)ab 2.5 (±0.94) 2.2 (±0.73) 0.038

Cervical funnelingab 31 (34.1%) 10 (28.6%) 0.706

Intracervical 
hypervascularityab

55 (60.4%) 33 (94.3%) <0.001

aMann–Whitney U test.
bChi-squared test.
Abbreviations: 2D, two-dimensional; 3D, three-dimensional; OSCS, one-step conservative surgery; 
PAS, placenta accreta spectrum.

TA B L E  2  Ultrasound signs between 
OSCS vs. cesarean hysterectomy of PAS.
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to reconstruct the uterus due to a lack of healthy tissue.8 The lo-
cation of the previous incision in the cesarean section, where the 
lower incision makes a niche close to the cervical tissue and leads 
the implantation to the niche and changes the cervical tissue to 
become more vascularized, may affect the different cervical in-
volvement.37–40 Emergency surgery and unexpected bleeding of 
PAS are more common in women with Grade 3 intracervical hy-
pervascularity, indicating that TVUS may be helpful in emergency 
PAS because of the high risk of unexpected vaginal bleeding 
during surgery.

Presurgical cervical grading should be used as standard PAS 
screening. This study also suggests that ultrasound provides im-
portant additional information in the choice of surgical strategies, 
although a larger multicenter and prospective study will be needed 
in the future.

The major limitation of this study is that it is a retrospective 
study and multiple surgeons performing PAS surgery, especially 
OSCS, may have influenced the outcome. On the other hand, the 
results were obtained in one single tertiary-care center with a 
large number of referrals for PAS. The inclusion of this study is 
limited to women with PAS, which means the statistical analysis 
for the sensitivity or the specificity of PAS diagnosis could not be 
performed.

The strength of this study is that the surgery was performed 
by two surgeons, the surgeon who had experience in PAS surgery 
for more than 5 years with a high volume of PAS surgery, and the 
Maternal–Fetal Medicine trainee. This illustrates that in addition to 
being performed by PAS experts, the OSCS can also be performed 
by practicing clinicians, and the ultrasound signs may provide helpful 
insights into surgical strategies. In all circumstances, a comprehen-
sive analysis was conducted for the ultrasound, and the PAS topo-
graphical types were observed in all cases.

5  |  CONCLUSION

A placental bulge with or without parametrial hypervascularity and 
intracervical hypervascularity covering more than 50% of the cer-
vical tissue, as additional ultrasound markers, are associated with 
cesarean hysterectomy. OSCS is associated with intracervical hy-
pervascularity Grade 1 on TVUS. Prospective validation is required 
to formulate predictors for PAS management.
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