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SJR

The SJR is a size-independent prestige indicator that ranks

journals by their 'average prestige per article'. It is based on

the idea that 'all citations are not created equal'. SJR is a

measure of scienti�c in�uence of journals that accounts

for both the number of citations received by a journal and

the importance or prestige of the journals where such

citations come from It measures the scienti�c in�uence of

the average article in a journal, it expresses how central to

the global scienti�c discussion an average article of the

Total Documents

Evolution of the number of published documents. All types

of documents are considered, including citable and non

citable documents.

Year Documents

1999 637
2000 602
2001 581
2002 646

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total

number of documents published in that journal. The chart

shows the evolution of the average number of times

documents published in a journal in the past two, three and

four years have been cited in the current year. The two

years line is equivalent to journal impact factor ™

(Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 1999 2.404
Cites / Doc. (4 years) 2000 2.684
Cites / Doc. (4 years) 2001 2.980
Cites / Doc. (4 years) 2002 2.964
Cites / Doc. (4 years) 2003 3.044
Cites / Doc. (4 years) 2004 3.085
Cites / Doc. (4 years) 2005 3.486
Cites / Doc. (4 years) 2006 3.442
Cites / Doc. (4 years) 2007 3.451
Cites / Doc. (4 years) 2008 3.132

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-

citations received by a journal's published documents

during the three previous years.

Journal Self-citation is de�ned as the number of citation

from a journal citing article to articles published by the

same journal.

Cites Year Value

Self Cites 1999 446

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and

external citation per document (i.e. journal self-citations

removed) received by a journal's published documents

during the three previous years. External citations are

calculated by subtracting the number of self-citations from

the total number of citations received by the journal’s

documents.

Cites Year Value

% International Collaboration

International Collaboration accounts for the articles that

have been produced by researchers from several countries.

The chart shows the ratio of a journal's documents signed

by researchers from more than one country; that is

including more than one country address.

Year International Collaboration

1999 2.98
2000 10.96

Citable documents  Non-citable documents

Not every article in a journal is considered primary research

and therefore "citable", this chart shows the ratio of a

journal's articles including substantial research (research

articles, conference papers and reviews) in three year

windows vs. those documents other than research articles,

reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows,

that have been cited at least once vs. those not cited

during the following year.

Documents Year Value

Uncited documents 1999 656
Uncited documents 2000 585
Uncited documents 2001 527
Uncited documents 2002 505
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Original Research
Three-dimensional volume rendering ultrasound for
assessing placenta accreta spectrum severity and
discriminating it from simple scar dehiscence

Theophilus K. Adu-Bredu, MSc; Robert Ridwan, MD; Aditiawarman Aditiawarman, MD; Grace Ariani, MD;
Sally L. Collins, BMBCh, Dphil, FROCG; Rozi A. Aryananda, MD
BACKGROUND: Prenatal ultrasound discrimination between placenta
accreta spectrum and scar dehiscence with underlying nonadherent placenta
is challenging both prenatally and intraoperatively, which often leads to over-
treatment. In addition, accurate prenatal prediction of surgical difficulty and
morbidity in placenta accreta spectrum is difficult, which precludes appropri-
ate multidisciplinary planning. The advent of advanced 3-dimensional volume
rendering and contrast enhancement techniques in modern ultrasound
systems provides a comprehensive prenatal assessment, revealing details
that are not discernible in traditional 2-dimensional imaging.
OBJECTIVE: This study aimed to evaluate the use of 3-dimensional
volume rendering ultrasound techniques in determining the severity of pla-
centa accreta spectrum and distinguishing between placenta accreta
spectrum and scar dehiscence with underlying nonadherent placenta.
STUDY DESIGN: A prospective, cohort study was conducted between
July 2022 and July 2023 in the fetal medicine unit of Dr Soetomo Aca-
demic General Hospital, Surabaya, Indonesia. All pregnant individuals with
anterior low-lying placenta or placenta previa with a previous caesarean
section who were referred with suspicion of placenta accreta spectrum
were consented and screened using the standardised 2-dimensional and
Doppler ultrasound imaging. Additional 3-dimensional volumes were
obtained from the sagittal section of the uterus with a filled urinary blad-
der. These were analyzed by rotating the region of interest to be perpen-
dicular to the uterovesical interface. The primary outcomes were the
clinical and histologic severity in the cases of placenta accreta spectrum
and correct diagnosis of dehiscence with nonadherent placenta under-
neath. The strength of association between ultrasound and clinical
outcomes was determined. Multivariate logistic regression analyses and
diagnostic testing of accuracy were used to analyze the data.
Cite this article as: Adu-Bredu TK, Ridwan R, Aditiawar-
man A, et al. Three-dimensional volume rendering ultra-
sound for assessing placenta accreta spectrum severity
and discriminating it from simple scar dehiscence. Am J
Obstet Gynecol MFM 2024;6:101321.

2589-9333/$36.00
© 2024 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ajogmf.2024.101321
RESULTS: A total of 70 patients (56 with placenta accreta spectrum
and 14 with scar dehiscence) were included in the analysis. Multivari-
ate logistic regression of all 2-dimensional and 3-dimensional signs
revealed the 3-dimensional loss of clear zone (P<.001) and the pres-
ence of bridging vessels on 2-dimensional Doppler ultrasound (P=.027)
as excellent predictors in differentiating scar dehiscence and placenta
accreta spectrum. The 3-dimensional loss of clear zone demonstrated
a high diagnostic accuracy with an area under the curve of 0.911
(95% confidence interval, 0.819−1.002), with a sensitivity of 89.3%
(95% confidence interval, 78.1−95.97%) and specificity of 92.9%
(95% confidence interval, 66.1−99.8%). The presence of bridging ves-
sels on 2-dimensional Doppler demonstrated an area under the curve
of 0.848 (95% confidence interval, 0.714−0.982) with a sensitivity of
91.1% (95% confidence interval, 80.4−97.0%) and specificity of
78.6% (95% confidence interval, 49.2−95.3%). A subgroup analysis
among the placenta accreta spectrum group revealed that the presence
of a 3-dimensional disrupted bladder serosa with obliteration of the
vesicouterine space was associated with vesicouterine adherence
(P<.001).
CONCLUSION: Three-dimensional volume rendering ultrasound is a
promising tool for effective discrimination between scar dehiscence with
underlying nonadherent placenta and placenta accreta spectrum. It also
shows potential in predicting the clinical severity with urinary bladder
involvement in cases of placenta accreta spectrum.

Key words: bladder injury, cesarean hysterectomy, crystal vue, PAS
disorders, placenta accreta, placenta previa, silhouette, tramline sign, 3D
ultrasound
Introduction

P lacenta accreta spectrum (PAS)
and uterine scar dehiscence with

underlying nonadherent placenta are
critical obstetrical conditions that require
accurate prenatal diagnosis for optimal
patient management. However, accurate
prenatal discrimination between these 2
conditions remains difficult, which
increases the risk of overtreatment and
iatrogenic complications when scar
dehiscence is mistaken for PAS.1,2 The
surgical morbidity associated with PAS
is dependent on the placental location,
extent of abnormal placental bed (focal
or diffuse PAS), degree of neovasculari-
zation, and any involvement of sur-
rounding pelvic structures.3,4 In view of
this, the management of PAS will be
entirely different for each individual.3,5

The hallmark of good PAS management
is the involvement of a multidisciplinary
team (MDT) approach with appropriate
presurgical planning6,7; hence, detailed
prenatal imaging is vital to prepare the
team for possible challenges.8 Despite
several advances in placental imaging
research, there is currently no one
method that can accurately predict
intraoperative complications and poten-
tial morbidity. Consequently, surgeons
may not be fully aware of the potential
risks or may take unnecessary precau-
tions with associated iatrogenic risks
(such as putting in lines for interven-
tional radiology or opening with a
vertical abdominal incision). Better
prediction of PAS severity would enable
the appropriate precautions being
taken preoperatively, while minimizing
the potential for unnecessary iatrogenic
morbidity.
April 2024 AJOG MFM 1
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Why was this study conducted?
Accurate prenatal discrimination between scar dehiscence and placenta accreta
spectrum (PAS) on prenatal ultrasound is often challenging, even among
experts, which may lead to overtreatment and an increased risk of iatrogenic
harm.

Key findings
This study proves the utility of 3-dimensional (3D) volume rendering ultrasound
(VRU) for accurate prenatal discrimination between PAS and scar dehiscence
with underlying nonadherent placenta. It also predicts the severity of PAS and
involvement of the urinary bladder.

What does this add to what is known?
3D VRU with advanced contrast techniques provides detailed information for
the uteroplacental and vesicouterine interfaces, which is useful in differentiating
the scar dehiscence from PAS, as well as clinical severity of PAS with the involve-
ment of the urinary bladder.

Original Research
The advent of advanced 3-dimensional
(3D) volume rendering ultrasound (VRU)
techniques offers the opportunity for a
detailed assessment of the uteroplacental
bed and the vesicouterine interface. This
technology has been embedded in most
recent ultrasound machines and has been
shown to provide further details that could
not be seen with conventional 2-dimen-
sional (2D) imaging.9−11 However, only a
few studies have investigated its use in
prenatal screening for PAS.12−14 In this
study, we investigated the role of 3D VRU
in distinguishing between scar dehiscence
with a nonadherent placenta underneath
and PAS and evaluating its utility in deter-
mining the severity and urinary bladder
involvement in cases of PAS.

Methods
This prospective cohort study was con-
ducted between July 2022 and July 2023 at
the fetal medicine unit, Dr Soetomo Aca-
demic General Hospital, Surabaya, Indo-
nesia. All pregnant individuals with
previous caesarean delivery and a low-
lying or previa placenta who were referred
to our unit from peripheral hospitals on
suspicion of PAS were approached, and
an informed consent was obtained before
participating in this study. Ethical
approval was obtained from the institu-
tional ethical review board in Dr Soetomo
Academic General Hospital (1846/122/4/
XII/2022). The study included patients
with a diagnosis of scar dehiscence with a
2 AJOG MFM April 2024
nonadherent underlying placenta and
PAS confirmed intraoperatively and histo-
logically. Participants with uncomplicated
placenta previa characterized by the
absence of standardised ultrasound signs
indicating high risk of PAS were excluded
from our study.

Following local guidelines, all cases with
the combination of previous cesarean
delivery (CD) and placenta previa or low-
lying placenta underwent a 2D transabdo-
minal and transvaginal ultrasound exami-
nation, using the standardised imaging
descriptors.15 In accordance with our local
guidelines, patients exhibiting more than 2
of these standardised 2D imaging signs
were classified as a high risk of PAS. 3D
VRU was obtained using Samsung Hera
W10 (manufacturer: Samsung, location:
Seoul, South Korea), GE voluson Expert
22 (manusfacturer: GE healthcare, Loca-
tion: Chicago, Illinois, USA), ultrasound
systems to assess the uteroplacental bed
and vesicouterine interface. Transabdomi-
nal VRU was performed with a full blad-
der (300−500 cc). The 3D volume
rendering (12£ 6 cm) and scan angle
(65°) provided a detailed focus of the ute-
roplacental interface and a clear 3D image
of the area. After the area of suspected
invasion was obtained on the 3D volume,
dual screen imaging was selected (sagittal
and 3D imaging) and the 3D VRU modes
were used. The Z-axis panel was rotated to
90° from the Y-axis so that a clear view
of the uteroplacental and uterovesical
interface was obtained. The contrast,
brightness, transparency, and gain were
then adjusted to optimize the image for
detailed assessment. The entire lower uter-
ine segment was examined with this tech-
nique.
3D VRU was assessed for the follow-

ing: retroplacental clear zone, “tramline
sign,” urinary bladder wall, and vesicou-
terine space. The uteroplacental and
vesicouterine interface underwent a
thorough examination along the entire
lower uterine segment to look for these
features. The retroplacental clear zone
was identified by the presence of a sono-
lucent space between the placenta and
the uterine wall. The “tramline sign”
was identified as the presence of hypere-
choic parallel lines representing the
hyperechoic uterine serosa and urinary
bladder serosa with a smooth contour
and a sonolucent vesicouterine space in
between. The urinary bladder wall that
presents as a hyperechoic line was
assessed for continuity and evidence of
disruption (Figure 1). The ultrasound
examination was performed by an oper-
ator (R.A.) with enormous experience
in PAS imaging. The imaging findings
and video clips were independently
assessed by a second operator (T.A.B.),
and any discrepancies were resolved
through discussion.
Clinical diagnosis of PAS was estab-

lished by the failure of the placenta to
spontaneously separate from the uterus
after delivering the baby. The severity of
the PAS was graded using the Interna-
tional Federation of Gynecology and
Obstetrics (FIGO) classification as
follows: grade 1, no obvious placental
bulge or placenta tissue seen under-
neath the serosa with very minimal or
no vascularity; grade 2, the appearance
of bluish/purple discoloration, an obvi-
ous bulge, with the placenta not visible
and hypervascularity on the serosa sur-
face; grade 3a, thinned lower uterine
segment with an obvious bulge with pla-
centa visible and hypervascularity on
the serosa surface; grade 3b, thinned
lower uterine segment with hypervascu-
larity and adherence to the urinary
bladder; and grade 3c, placenta extend-
ing laterally to the broad ligament,
lower parametrial aspect of the uterus



FIGURE 1
Shows a 3D VRU image of an uncomplicated placenta previa

“A” represents the placenta “B” represents the retroplacental clear zone, “C” represents the myome-
trium, “D” represents the hyperechoic uterine serosa, “E” represents the sonolucent vesicouterine
space, “F” represents the hyperechoic bladder serosa.
VRU, volume rendering ultrasound; 3D, 3-dimensional.

Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.
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with massive hypervascularity, with or
without attachment with other sur-
rounding organs.16 Scar dehiscence
with an underlying nonadherent pla-
centa was defined as the presence of pla-
centa underlying a transparent lower
uterine segment with an obvious bulge,
FIGURE 2
Shows the intraoperative appearances

“A” represents grade 1; notice the absence of plac
the purple discoloration and massive neovasculariza
centa visible underneath and importantly, neovascu
with the urinary bladder (*) adherent to this area. “
the absence of neovascularity on the serosa surface
Adu-Bredu. 3D volume rendering ultrasound for placenta accr
visible placenta, and absence of hyper-
vascularity on the serosal surface and
normal surrounding uterine tissue with
spontaneous detachment of the pla-
centa17 (Figure 2).

The choice of the surgical approach
used in both groups was based on the
of the lower uterine segment

ental bulge or visualisation of placenta tissue under
tion on the serosa surface. “C” represents grade 3a
larization on the serosa surface. “D” represents gra
E” represents scar dehiscence with the placenta un
and normal appearing surrounding myometrial tissu
eta spectrum assessment. Am J Obstet Gynecol MFM 2024.
intraoperative topographic classifica-
tion.5 One-step conservative surgery
technique was performed when all of
these 3 criteria were met: (1) complete
separation of the bladder from the
uterus, (2) at least 2 cm of healthy myo-
metrium superior to the cervix, and (3)
the size of affected area is less than 50%
of the axial uterine circumference.18

When all the 3 criteria were not met,
a total hysterectomy was performed.
Modified subtotal hysterectomy was
reserved for cases where the PAS lesion
was at the cervical trigonal area with
extensive vesicouterine fibrosis.3

In the PAS cases, the excised speci-
men was inspected and a gentle digital
dissection was attempted to identify the
exact area of abnormal adherence for
documentation and was marked for
histopathologic analysis19 (Figure 3).
Histologic analysis of the specimen was
performed and reported by a patholo-
gist (G.A.) with experience in PAS.
Histologic diagnosis of PAS was made
based on the extent of placental villi
invasion as follows: normal, placenta
villi attached to an intervening decidua;
accreta, the adherence of the villi
directly to the myometrium without
neath the serosa. “B” represents grade 2; notice
; notice the obvious placental bulge with the pla-
de 3b; notice the obvious bulge, neovasculature
derneath; notice the obvious placenta bulge but
e.
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FIGURE 3
Shows the postoperative gentle dissection of the placenta from the
myometrial tissue to determine the exact suspicious area (marked yellow
circle) for histologic analysis

Notice thinned and transparent myometrium (yellow cross) and dissected off the area. Also, the yel-
low circle indicates the area of abnormal attachment.
Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.

Original Research
intervening decidua; increta, deep
villous invasion into the myometrium;
and percreta, invasion of the villi
beyond in to the serosa or beyond.16

Statistical analysis
Data were collected and organized using
Microsoft Excel (manufacturer: Micro-
soft cooperation, Redmond, Washing-
ton, USA) and the analysis was done
using IBM SPSS (manufacturer: IBM,
Chicago, Illinois, USA) software version
29. The Shapiro-Wilk normality test20

was used to determine whether to use
parametric or nonparametric statistical
tests/methods regarding the test of
validity of the research hypothesis. Cat-
egorical variables were expressed as fre-
quencies and percentages in the table.
Continuous or numeric variables were
expressed as mean with their standard
deviation if they are normally distrib-
uted and in median with their inter-
quartile ranges if they are not normally
distributed. Chi-square and Fisher’s
exact tests were used to determine the
relationship between categorical varia-
bles. The independent t test or Mann-
Whitney U test was used to compare
means and mean rank differences. A
univariate and multivariable logistic
4 AJOG MFM April 2024
regression was performed to identify
the important ultrasound predictors of
scar dehiscence with the nonadherent
placenta underneath and PAS, as well as
bladder involvement in PAS. Diagnos-
tic test of accuracy of the ultrasound
signs was assessed using the receiver
operator characteristic curves. A 95%
confidence interval (CI) with a P
value of .05 was accepted as statistical
significance.

Results
The study recruited 82 pregnant individ-
uals with a history of at least 1 previous
CD, who presented with an anterior
low-lying placenta or placenta previa.
An ultrasound examination was con-
ducted, and participants were followed
up until delivery. Histologic confirma-
tion was required for cases of PAS,
whereas the diagnosis of scar dehiscence
with underlying nonadherent placenta
was made at laparotomy. Among these,
there were 57 confirmed cases of PAS,
14 cases of scar dehiscence with nonad-
herent placenta underneath, and 11 cases
of uncomplicated placenta previa. One
case of PAS was excluded from our anal-
ysis owing to poor-quality ultrasound
3D image. All the cases of uncomplicated
placenta previa suspected on ultrasound
had normal looking lower uterine seg-
ment and spontaneous placental detach-
ment on laparotomy and were excluded
from further analysis in accordance with
our eligibility criteria and study objec-
tives. Comprehensive information
regarding patient characteristics, 2D and
3D ultrasound findings, intraoperative
and histologic findings of confirmed
cases of PAS, and scar dehiscence are
presented in Table 1.
Among the PAS cases, 12 were cate-

gorized as FIGO grade 1, 22 cases of
grade 2, and 22 cases of grade 3 com-
prising 10 cases of grade 3A, 11 cases of
grade 3B, and 1 case of grade 3C. Histo-
logic examination of the area of abnor-
mal adherence revealed 8 cases (14.3%)
diagnosed as accreta, whereas 47 cases
(83.9%) were identified as placenta
increta. Only a single case was described
as placenta percreta, which presented as
a medical emergency owing to sponta-
neous uterine rupture resulting in mas-
sive hemoperitoneum.
Details on the 3D VRU signs in scar

dehiscence with underlying nonadherent
placenta and various clinical grades of
PAS are presented in Table 2. Multivari-
ate logistic regression of all ultrasound
indicators revealed the 3D loss of retro-
placental clear zone (adjusted odds ratio
[OR], 46.8 [95% CI, 4.872−449.59;
P<.001]) and the presence of bridging
vessels on 2D ultrasound (adjusted OR,
30.98 [95% CI, 1.47−652.2; P=.027]) as
highly predictive in distinguishing PAS
from scar dehiscence with a nonadherent
placenta underneath (Supplemental
Table 3). The diagnostic accuracy test
for the 3D loss of retroplacental clear
zone in differentiating PAS from scar
dehiscence demonstrated an excellent
area under the curve (AUC) of 0.911
(95% CI, 0.81−1.002) along with a sensi-
tivity of 89.3% (95% CI, 78.1−95.97),
specificity of 92.9% (95% CI, 66.1−99.8),
positive likelihood ratio (LR+) of 12.5
(95% CI, 1.89−82.82), and negative like-
lihood ratio (LR�) of 0.12 (95% CI, 0.05
−0.25). Similarly, the presence of bridg-
ing vessels clearly differentiates PAS
from scar dehiscence with an AUC
of 0.848 (95% CI, 0.714−0.982) with a
sensitivity of 91.1% (95% CI, 80.4−97.0)



TABLE 1
Patient characteristics, ultrasound, intraoperative, and histologic findings

Patient demographics Dehiscence group (N=14) PAS group (n=56) P value

Maternal age (y)a 34.14§4.912 32.71§4.00 .327

Gravidab 3 (2−5) 3 (2−6) .867

Parab 2 (1−3) 2 (1−5) .539

Number of previous CDb 2 (1−2) 1 (1−3) .679

GA ultrasound (complete weeks of GA)c 35 (IQR, 33−37) 34 (IQR, 32−35) .079

GA surgery (complete weeks of GA)a 36 (IQR, 36−38) 35 (IQR, 34−37) .05

Blood loss (mL)a 1200 (IQR, 500−2000) 2550 (IQR, 1500−3900) <.001

Clinical FIGO PAS gradingd

Grade 1 N/A 12 (21.4%) N/A

Grade 2 N/A 22 (39.3%) N/A

Grade 3a N/A 10 (17.9%) N/A

Grade 3b N/A 11 (19.6%) N/A

Grade 3c N/A 1 (1.8%) N/A

Histologyd

Accreta N/A 8 (14.3%) N/A

Increta N/A 47 (83.9%) N/A

Percreta N/A 1 (1.8%)e N/A

2D and Doppler Ultrasound signsd

Loss of clear zone 12 (85.7%) 50 (89.3%) .656

Myometrial thickness <1 mm 14 (100%) 46 (82.1%) .194

Placental bulge 4 (28.6%) 33 (58.9%) .042

Abnormal lacunae 2 (14.3%) 40 (71.4%) <.001

Lacunae feeding vessel 1 (7.1%) 34 (60.7%) <.001

Subplacental hypervascularity 8 (57.1%) 54 (96.4%) <.001

Uterovesical hypervascularity 3 (21.4%) 44 (78.6%) <.001

Bridging vessels 3 (21.4%) 51 (91.1%) <.001

3D volume rendering ultrasound featuresd

3D loss of retroplacental clear zone 1 (7.1%) 50 (89.3%) <.001

3D tramline disruption sign 0 (0) 33 (58.9%) <.001

3D distorted bladder wall with obliterated vesicouterine space 0 (0) 11 (19.6%) 0.105
CD, cesarean delivery; IQR, interquartile range; FIGO, International Federation of Gynecology and Obstetrics; GA, gestational age; N/A, not available; PAS, placenta accreta spectrum; SD, standard
deviation; 3D, 3-dimensional; 2D, 2-dimensional.
a Mean§standard deviation; b Median (range); c Median (interquartile range); d Frequency (percentage); e Presented clinically as a uterine rupture with placenta protruding through the defect.

Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.
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and specificity of 78.6% (95% CI,
49.2−95.3), LR+ of 4.25 (95%
CI, 1.55−11.63), and LR� of 0.11 (95%
CI, 0.05−0.27).
Furthermore, among all the ultra-

sound makers, the 3D disrupted urinary
bladder wall with obliterated vesicouter-
ine space was the only predictor for
vesicouterine involvement with an OR
of 27 (95% CI, 3.8−191.7; P<.001)
(Figure 4).

Discussion
Principal findings
We demonstrated that the absence of
the retroplacental clear zone on 3D
VRU and presence of bridging vessels
in 2D ultrasound are reliable markers
for predicting the presence of PAS
regardless of the severity and can effec-
tively differentiate it from scar dehis-
cence with excellent sensitivity and
specificity. Vesicouterine involvement
(Grade 3B) that is mostly associated
April 2024 AJOG MFM 5



TABLE 2
3D VRU features of Scar dehiscence and various clinical grades of PAS

3D VRU features Dehiscence

Clinical classification of PAS group

Grade 1 Grade 2

P value for
dehiscence vs
grades 1 and 2

Grade 3 spectrum P value of
dehiscence
vs grade 33A 3B 3C

3D loss of retroplacental clear zone 1 (7.1%) 11 (91.7%) 18 (81.8%) <.001 9 (90%) 11 (100%) 1 (100%) <.001

3D disruption of “tramline sign” 0 2 (16.7%) 12 (54.5%) .004 7 (70%) 11 (100%) 1 (100%) <.001

3D distorted bladder wall with
obliterated vesicouterine space

0 0 (0) 1 (4.5%) 1.0 1 (10%) 8 (72.7%) 1 (100%) .003

PAS, placenta accreta spectrum; VRU, volume rendering ultrasound; 3D, 3-dimensional.

Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.

FIGURE 4
Shows the various 3D VRU images

“A” is a case of scar dehiscence; notice the presence of a retroplacental clear zone despite a thinned
myometrium, a clear tramline sign, vesicouterine interface, and urinary bladder serosa. “B” is a case
of low-grade PAS; notice the obliteration of the retroplacental clear zone but the preservation of the
tramline sign, vesicouterine space, and smooth hyperechoic urinary bladder serosa. “C” is a case of
grade 3a; notice the obliteration of the retroplacental clear zone and disruption of the tramline sign,
but preservation of the vesicouterine space and smooth hyperechoic urinary bladder serosa. “D” is a
case of grade 3b; notice the obliteration of the retroplacental clear zone, disruption of the tramline
sign, and obliteration of the vesicouterine space and bladder serosa.
PAS, placenta accreta spectrum; VRU, volume rendering ultrasound; 3D, 3-dimensional.

Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.
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with varying degrees of urological inju-
ries could be identified by the presence
of 3D disrupted urinary bladder wall
with obliterated vesicouterine space
(P<.001). A flowchart of ultrasound
signs in assessing suspected cases of
PAS is presented in Figure 5.

Results in the context of what is
known and clinical implications
There is currently very little published
literature on the prenatal ultrasound
discrimination of scar dehiscence from
PAS.1,21 In PAS screening, the defining
2D imaging features in predicting
abnormally invasive placentation are
placenta bulge, presence of bridging
vessels, abnormal placental lacunae and
myometrial thinning.22,23 However,
owing to the comparable pathophysiol-
ogy, 2 of these features are also seen in
scar dehiscence with underlying nonad-
herent anterior placenta (see Table 1).
In addition, the placenta by nature is a
vascular organ and the presence of nor-
mal vasculature within or at the utero-
placental interface may be misdiagnosed
as hypervascularity in high-risk cases.24

Urinary bladder varicosities may also be
mistaken as bridging vessels in nonac-
creta previa.25,26 Even though definitive
diagnosis of PAS can only be made with
the failure of placenta to separate after
delivery, any attempt to manual remove
the placenta could result in the rupture
of uterus and neovasculature, which
may cause massive, life-threatening
hemorrhage.24 This inevitably leads to



FIGURE 5
Flowchart of ultrasound signs in scar dehiscence with nonadherent placenta underneath and PAS with or without
bladder adherence

PAS, placenta accreta spectrum.

Adu-Bredu. 3D volume rendering ultrasound for placenta accreta spectrum assessment. Am J Obstet Gynecol MFM 2024.
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anxiety in the accoucheur when scar
dehiscence is mistakenly diagnosed as
PAS on prenatal ultrasound imaging
and may lead to aggressive management,
which elevates the risks of iatrogenic
morbidity.27

The presence of the retroplacental
clear zone is often considered by experts
to be the most direct and crucial indica-
tor of normal placental separation.24,28,29

This zone is believed to represent decid-
ual glands and a convoluted network of
basal arteries and terminal branches of
the spiral arteries.30 The absence of this
sign in PAS cases has been attributed to
the loss or deficiency of the Nitabuch’s
layer and probable fusion of the placenta
and myometrium.19 Despite the high
sensitivity of this sign, its specificity on
2D ultrasound imaging has been ques-
tioned owing to its reliance on the reso-
lution of the ultrasound equipment,
operator-dependent image optimization
techniques, and its susceptibility to the
compressive effect of the probe.24,31 In
our study, the retroplacental clear zone
was not visible in most cases of scar
dehiscence on 2D greyscale imaging
despite the presence of a nonadherent
placenta underneath (Table 1). This
finding aligns with previous research.21,27

However, leveraging the state-of-the-art
advanced 3D volume rendering and con-
trast enhancement techniques, our study
demonstrated clear visualisation of the
retroplacental clear zone in scar dehis-
cence cases (Table 1). This capability
enables accurate differentiation from
PAS, regardless of its severity (Table 2).

During the assessment of the 3D ute-
roplacental interface in the PAS cases,
the clear zone was evident in some areas
whereas some areas showed the oblitera-
tion of this zone despite the noticeable
thinning of the lower segment and
extensive hypervascularity. This finding
correlated with the evaluation of the
gross specimen, where a careful digital
dissection of the placenta revealed cer-
tain regions exhibiting clear separation,
with overlaying thin uterine tissue,
whereas other regions showed adherence
(Figure 3). Our findings support the the-
ory of the combination of PAS and scar
dehiscence in the same uterine bed.21,32

Therefore, we hypothesize that the over-
lap of several 2D imaging features of
PAS and scar dehiscence is not a coinci-
dence. We believe that the currently rec-
ognized imaging descriptors for PAS15,23

in literature may stem from the concur-
rent presence of dehiscence in most
PAS cases involving the lower uterine
segment. This may explain the lack of
classical PAS features in reported upper
uterine segment cases28,33,34 and the
incongruence between clinical and histo-
logic correlation.
The predominant complication associ-

ated with PAS is the involvement of the
urinary bladder wall to the abnormal area
in the lower uterine segment, accompa-
nied by significant neovascularization.
Dealing with extensive bladder involve-
ment can be challenging, even for skilled
surgeons and an experienced MDT,
which can result in various degrees of
lower urinary tract damage.35−38 Cur-
rently, 2D and Doppler ultrasound, as
well as MRI, have not been proven to be
reliable in identifying cases of urinary
April 2024 AJOG MFM 7
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bladder involvement.39,40 Consequently,
effective presurgical planning is not opti-
mal. Findings of this study demonstrate
the utility of 3D VRU in identifying vesi-
couterine adherence by examining the
vesicouterine space and the urinary blad-
der serosa.
A notable finding from our study was

the lack of correlation between the his-
tologic and clinical PAS grading. Even
in the most severe complication of PAS
with extensive urinary bladder involve-
ment, significant surgical difficulty, and
higher blood loss, histologic findings
were reported as either accreta or
increta. The only case of percreta
reported histologically in our series was
a case of spontaneous uterine rupture.
When considering this disparity, we
believe that the most important factor
for managing PAS is the clinical presen-
tation at laparotomy. There have been
several controversies about the underly-
ing pathophysiology of PAS in recent
years, with authors questioning the defi-
nition of percreta.32,41−43 We believe
the prediction of the topography of the
lesion and surgical risk is of consider-
able benefit to the clinician and, ulti-
mately, the wellbeing of the patient.
This is particularly important given that
postoperative histologic findings do not
offer insights for subsequent manage-
ment or contribute to patient care. This
opinion is also shared by other experts
on the topic.44,45

With the rapid increase in the caesar-
ean delivery rate and subsequent rate
of complications arising from them,
improved antenatal diagnosis is vital.
3D VRU seems to be a promising tool
for evaluating the uteroplacental bed
and uterovesical fold where 2D ultra-
sound findings are uncertain. The flow-
chart presented in Figure 5 provides a
simplified algorithm that could aid the
fetal imaging expert in assessing sus-
pected cases of PAS and predicting the
surgical morbidity, which could be very
valuable for adequate multidisciplinary
preparation and appropriate manage-
ment.

Research implications
Given that this study was conducted in
a single center, validation studies in the
8 AJOG MFM April 2024
form of large multicentre studies are
recommended to establish the clinical
utility of 3D VRU in routine obstetrical
practice. In addition, further studies
are recommended to assess the interop-
erator reliability of these 3D volume
rendering techniques and image inter-
pretation.

Strengths and limitations
Since the claim of primacy has been
removed, this statement is only a repeti-
tion of what has already been stated in
the manuscript. Hence, it has been
crossed out. A strength of this study is
the incorporation of different ultra-
sound systems (Samsung Hera W10,
GE Voluson Expert 22) during our eval-
uation, a crucial aspect that was not
explored in previous studies on this
topic. Hence, we envisage that this tech-
nique may be reproducible in similar
ultrasound systems with advanced 3D
contrast technology. Although our
study has yielded promising results, we
acknowledge that it is not without limi-
tations. The study was conducted in a
tertiary institution with a high PAS
rate. Ultrasound examinations were
performed by a single operator and
corroborated by a second operator,
possessing both substantial expertise in
PAS imaging and proficiency in 3D
volume rendering, manipulation, and
interpretation. Consequently, the lack
of assessment of interoperator reliabil-
ity of this technique hinders our ability
to generalize results.

Conclusion
Accurate prenatal discrimination
between scar dehiscence with an under-
lying nonadherent placenta and PAS
can be achieved using 3D VRU. This
imaging technique holds significant
potential to improve diagnostic accu-
racy thereby facilitating improved
preoperative planning. &
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