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Abstract
Background  Placental accreta spectrum (PAS) disorder with bladder involvement is found to be associated with 
severe maternal and neonatal morbidity.When planning surgery or other treatments, a diagnosis and assessment 
of the invasiveness of placenta accreta spectrum disorder with bladder involvement are crucial.The detection of 
the depth of villi invasion can be accomplished with both MRI and US.The advent of three-dimensional Crystal Vue 
provides details additional information for scanning abnorma issue.

Purpose  Our goal was to compare and assess the diagnostic accuracy of 2D US combined with the 3D Crystal Vue 
and MRI in case of placenta accreta spectrum (PAS) involving the bladder.

Materials and methods  111 pregnancy patients between May 2019 and November 2023 at the First Affiliated 
Hospital of Anhui Medical University whether or not they had placenta previa were included in the study if they 
were diagnosed of having placenta increta (PI) or placenta percreta (PP).Both US and MRI were used to evaluate 
the pregnant women.Total 53 pregnant women were ultimately included in our analysis.53 patients were split into 
groups with and without bladder involvement. They underwent 2D US,3D Crystal Vue, and MRI.The visual features 
of every subject were noted. Next, we analyzed the fundamental information, associated medical history, pregnancy 
outcomes, and different US and MRI signals between the two groups. To determine the potential contributing factors 
of PAS complicated with bladder involvement, a univariate analysis was performed. A multivariable logistic regression 
analysis was performed to identify US and MRI findings predictive of bladder involvement in placenta accreta 
spectrum.

Results  Multiple logistic regression analysis found that the bridging vessels (OR, 31.76,95% CI, 1.64-614.31,p = 0.022) 
and the tramline sign “fully” obliterated on Crystal Vue feature (OR, 68.92;95%CI,6.76-702.35,p < 0.001) were 
independently associated with an increased likelihood of bladder involvement. These findings when combined 
allowed for the prediction of bladder involvement with an 88.2% sensitivity, a 94.4% specificity, and an AUC of 
0.933 (95% CI,0.829–0.983, p = 0.001). The results of the MRI logistic regression analysis were as follows: the three 
independent risk factors for bladder involvement were: Placental bulge (OR,57.99,95%CI,3.89–835.80,p = 0.003),Bladder 
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Introduction
In order to replace the terms abnormally adherent/
invasive placenta and morbidly adherent placenta, the 
International Federation of Obstetrics and Gynecology 
(FIGO) recommended a term called placenta accreta 
spectrum [1]. This spectrum includes three types of pla-
centa: placenta accrete (PA), placenta increta (PI), and 
placenta percreta (PP) [2]. If the placental villi are only in 
contact with the myometrium, the condition is referred 
to as " PA.” If the villi penetrate into the myometrium, the 
condition is now called " PI.” If the villi invade the uter-
ine serosa or through to the parametrial, it is referred to 
as " PP”. According to the 2019 Federation of Gynecology 
and Obstetrics(FIGO) clinical classification [3] for deep 
myometrial invasion, three grades make up the PAS.
FIGO 1(Grade 1): Abnormally adherent placenta (pla-
centa adherenta or creta, PA), FIGO 2(Grade 2): Abnor-
mally invasive placenta (Increta, PI), FIGO 3(Grade 3): 
Abnormally invasive placenta (Percreta, PP).In the FIGO 
system [3], Three subtypes (3a, 3b, and 3c) found in 
FIGO 3(Grade 3) based on the location of invasion.FIGO 
3a show invasion limited by the uterine serosa, FIGO 
3b shows urinary bladder invasion, and FIGO 3c shows 
invasion of other pelvic tissues/organs.The only methods 
to arrive at a conclusive diagnosis are histopathology or 
clinical diagnosis.

The overall reported incidence of PAS incidence varies 
between 1.7 per 10,000 deliveries (based on A National 
Case-Control Study in the UK [4]) and 90 per 10,000 
deliveries (based on a A Survey of 310 Cases in an Israeli 
[5]).The reported incidence of PAS is affected by varia-
tions in study designs, diagnostic criteria, and statistical 
populations [5–8]. A systematic review and meta-anal-
ysis [8] found that retrospective studies showed a 2-fold 
increase in PAS incidence compared to prospective stud-
ies, and in comparison with national and international 
studies, there was a 3- to 5-fold increase in institutions, 
network, and regional reports which usually involve cen-
ters that specialize in treating and diagnosing PAS [8].
Although the reported incidence rates differ greatly, PAS 
has steadily increased over the years [9]. In recent years, 
PAS has been a major worry due to its potential to pro-
duce severe postpartum hemorrhage and to exacerbate a 

number of perinatal problems [10–12]. Because the blad-
der is closest to the uterus, it is most frequently involved 
in placenta percreta. Individuals with bladder invasion 
are more likely to experience life threatening hemor-
rhage, ureteral damage [13–15]. As a result, bladder inva-
sion prolongs hospital stays and surgical times and is 
associated with high medical costs. A multidisciplinary 
approach is required in cases of PP involving bladder 
invasion, and the urologist should be consulted from the 
outset of the decision-making process [13, 16]. There is 
growing recognition of the importance of comprehensive 
imaging evaluation.Early diagnosis of bladder involve-
ment in PAS is crucial for reducing severe complications 
and mortality.

US is the most appropriate imaging method for PAS 
screenings and should be the first choice due to its wide-
spread use and relative affordability. Recent studies have 
demonstrated that 3D US can be used as a supplement 
to 2D US, providing additional information for scanning 
abnorma issue [17, 18]. There is evidence that 3D power 
Doppler improves prenatal diagnosis or excludes PAS 
in some studies [19]. The Crystal Vue is a novel 3D-US 
rending technology that provided important sign and had 
a high clinical application value in some obstetric areas 
[18]. A multidimensional and intuitive diagnostic image 
can be produced by concurrently displaying the volume 
image and the perspective effect [17, 20]. Theophilus K.et 
al. had reported that 3D Volume Rendering US predicts 
the severity of PAS and involvement of the bladder [21].
The 3D Crystal Vue provided detailed information for the 
vesicouterine interfaces.

It is not necessary to perform an MRI to diagnose sus-
pected PAS prenatally, but it has been suggested that MRI 
may have an advantage when it comes to detecting PP to 
parametrium and accessing posterior placenta, the inva-
sion topography of PAS, and bladder invasion or obesity 
of pregnant women [14, 22–25]. A previous study [22] 
showed that MRI was highly specific (100%) in identify-
ing bladder involvement(AUC = 0.79, p = 0.004), with PPV 
equal to 100%. A prospective US and MRI comparative 
analysis [24] showed that loss of myometrial lining at the 
bladder interface on US, superior tenting of bladder wall, 
and bladder interface hypervascularity on color Doppler, 

wall interruption (OR,11.93, 95%CI, 1.60-88.85, p = 0.016), and Bladder vessel sign (OR, 9.75,95%CI, 1.43–66.21, 
p = 0.020).The joint diagnosis showed a sensitivity of 94.1% and specificity of 83.3%.The area under the curve was 
0.942(95%CI,0.841–0.988). Regarding projected bladder involvement, there were no statistically significant differences 
between MRI and 2D integrated 3D Crystal Vue imaging.

Conclusion  Both 2D coupled 3D Crystal Vue imaging and MRI are highly effective for predicting bladder invasion.
Ultrasound is preferred over MRI because it is more convenient and more affordable.Among them, the tramline sign 
“fully” obliterated on 3D Crystal Vue was a new and reliable US sign for detecting bladder involvement.

Keywords  Placenta accreta spectrum, Crystal Vue, Magnetic resonance imaging
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loss of chemical shift artifacts at the bladder–myometrial 
interface, was a sensitive and specific sign for detection 
of bladder involvement.The diagnostic accuracy of vari-
ous US and MRI signs has also been reported [26, 27]. 
Extensive research on PAS from various countries reveals 
many close parallels; however, there are few articles on 
PAS disorder with bladder invasion.

Recent reports prove that the morbidity severity is 
dependent on the location of the PAS, the degree of neo-
vascularization and involvement structure, and not nec-
essarily the depth of villi invasion [28, 29]. In most cases, 
FIGO 1 do not require major surgery and can be managed 
conservatively [30]. Placenta increta or percreta, Often 
results in serious maternal morbidity and requires more 
invasive surgery, including hysterectomy [8, 9].There-
fore, the aim of prenatal imaging should be to detect 
PAS disorders of clinical significance such as placenta 
increta(FIGO 2) and percreta(FIGO 3).We collected 
the peripartum maternal and neonatal outcomes and 
screened the US and MRI signs of bladder involvement of 
PAS. This study aimed to evaluate the performance of 2D 

US combined with 3D Crystal Vue and MRI in detecting 
bladder involvement in cases of PI and PP, and to help cli-
nicians accurately assess a patient’s condition and decide 
on a reasonable course of treatment.

Materials and methods
Patient information
In total, 111 pregnant women —whether or not they had 
placenta previa—between May 2019 and November 2023 
at the First Affiliated Hospital of Anhui Medical Univer-
sity were included in the study if they were diagnosed of 
having PAS(PI or PP). Both US and MRI were used to 
evaluate 74 pregnant women. Total 53 pregnant women 
were ultimately included in our analysis (Fig.  1); the 
remaining 21 pregnant women were either lost to follow-
up or image quality is poor. All of the pregnant women 
had cesarean sections. All of the clinical data was pro-
vided by the electronic case system.

Fig. 1  Flow chart shows inclusions and exclusions of the patients. US = ultrasound, FIGO = International Federation of Gynecology and Obstetrics, 
PAS = placenta accreta spectrum
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Instruments and equipment
Prenatal US diagnosis of PAS was made by using a 
1.0−8.0 MHz transabdominal,2-9 MHz transabdominal and 
3-10MHZ transvaginal transducer (Samsung HERAW10)
To see uterine–bladder interface clearly, pregnant women 
should fill their bladders to the recommended capacity 
(200–300 cc). Both transvaginal and transabdominal US 
scans were performed on them. The PAS area was found 
in the 2D gray scale and color Doppler.The image features 
were recorded using the standardized US term proposed 
by the European Working Group on Abnormally Inva-
sive Placentas (EW-AIP) and the AIP international expert 
group [31].We also obtained additional 3D volumes from 
the sagittal section of the uterus, which we analysed by 
rotating a region of interest (ROI) so that it was perpen-
dicular to the uterovesical interface.We collected and 
stored all 3D US volumes images for offline analysis.Then 
they switched to Render and used the “RealisticVue Crys-
talVue” modes. CrystalVue Present use 2 or 3.When the 
render direction is set to A +, rotate the X, Y,Z axes to 
obtain optimal information about the uterine bladder 
interface.At the same time, using the Crystal Vue to ana-
lyze with or without tramline’ sign showing the normal 
uterine–bladder interface [27, 32]. The “tramline sign” 
was identified as the presence of smooth contour hyper-
echoic parallel lines representing the uterine serosa and 
bladder serosa and a sonolucent vesicouterine space in 
between [21].It included three types: normal, “partially” 
obliterated, and “fully” obliterated (Fig.  2). “Partially” 
obliterated showed the disrupted the uterine serosa 
with a sonolucent vesicouterine space.“Fully” obliter-
ated showed the disrupted bladder wall with obliterated 
vesicouterine space.Two physicians performed and inde-
pendently reviewed the US without knowledge of the 
final clinical diagnosis (one with more than 15 years of 
experience, C.F.G., and the other with 10 years of expe-
rience, X.F.S. in obstetric scanning). The final diagnosis 
was reached through discussion and consultation if they 
disagreed.

MRI imaging was performed using 3.0-T premier MRI (GE, 
Boston, MA, USA)
T2 weighted single-short fast spin-echo (T2WI SSFSE) 
sequences were obtained using the following param-
eters: TR/TE, 1100/90; slice thickness, 4 mm; flip angle, 
65°. The FIESTA sequences were acquired in three planes 
(axial, sagittal, and coronal) in all cases. T1weighted gra-
dient-echo imaging (T1WI) was conducted with a TR/
TE of 112/2.0 ms, flip angle of 12◦, and slice thickness of 
4 mm. None of the pregnant patients in the study popu-
lation received intravenous gadolinium contrast dur-
ing MRI imaging, in accordance with the recommended 
imaging guidelines [33]. The radiologists(T.T.Z. and 
H.W.L. had ten years of MRI experience) independently 
reviewed MRI images without knowledge of the final 
diagnosis.If the two radiologists could not agree on a final 
diagnosis, a consultation was conducted. MRI images 
were analyzed and recorded using the Unified and Stan-
dardized MRI Descriptors developed by the International 
Society for AIP [34]. In addition, the “bladder vessel” sign 
and bladder tenting were recorded. The “bladder vessel” 
sign is characterized by an extensive flow void network 
extending from the uterine serosa to the vesicouterine 
space, with markedly increased vascularity observed 
at the interface between the uterus and bladder(Fig.  3). 
Bladder tenting refers to elevation of the bladder dome 
toward the uterine surface.

Standards of reference
The diagnostic standardwas determined using clinical 
and histological criteria according to the International 
Federation of Gynecology and Obstetrics (FIGO) clas-
sification for PAS [3].Our diagnoses of bladder invasion 
(Grade 3b) are either of the following.

Clinical standards
No other organs are visible, but the placental villi occu-
pying the bladder make it impossible to identify the sur-
gical uterine-bladder plane.

Fig. 2  a. A normal uterine-serosal and uterine-bladder interface was observed; b. “partially” obliterated interfaces, displaying the destruction of the 
uterine-serosal interface; c. “fully” obliterated, indicating disruption of both the uterine-bladder interfaces(arrows)
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Histologic standards
An example of villous tissue penetrating the bladder wall 
from a hysterectomy specimen.

Statistical analysis
The data were analyzed using Meta-DiSc and SPSS 
(version 17.0). For continuous variables with a normal 
distribution, data are presented as mean ± standard devi-
ation (SD), and the t-test can be used to find the p-value 
between groups. For variables with a skewed distribution, 
the expression is P25, P75, and the Mann−Whitney U 
test can be used to find the p-value. For categorical vari-
ables, the χ2 test or Fisher’s exact probability test were 
used to compare differences between groups. The statisti-
cal software package Meta-Disc was used to analyze the 
accuracy, sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) of the US and 
MRI findings. 95% confidence intervals (CI) was used to 
express indicator and effect values. Multivariate and uni-
variate logistic regressions were used to explore the diag-
nostic efficiencies of US and MRI. Delong test was used 
to compare AUC values.P < 0.05 was deemed statistically 
significant.

Results
Baseline data
The demographic features and surgical PAS outcomes of 
the cases are compared in Table 1. It was observed that 5 
of 17 (29.41%) patients with bladder involvement had a 
history of PAS and 2 of 36(5.56%) patients without blad-
der involvement had a history of PAS in previous preg-
nancies (p < 0.01). There were no statistically significant 
variations in other basic statistics between the groups, 
however, patients with bladder involvement had a greater 
rate of cesarean scar pregnancy (p < 0.01) than patients 
without bladder involvement.

Table 1  Comparison of the basic data and related pregnancy 
history of the two groups
Characteristic No bladder 

involvement
(N = 36)

bladder
Involvement
(N = 17)

P

Age (y) 34.7 ± 4.2 35.9 ± 4.7 0.355
GA at delivery, wk
M(P25,P75)
95% CI

35(34.0,36.0)
33.98–36.02

35(34.5,37.5)
33.88–37.29

0.390

Height, cm 160.3 ± 5.3 160.8 ± 3.5 0.702
Weight, kg 69.2 ± 7.9 69.1 ± 1.5 0.975
Placenta position 0.387
Normal 5 2
low-lying placenta 3 4
Placenta previa 28 11
ART 6(16.67%) 3(17.6%) 1.000
Previous uterine surgery 0.830
0 20(55.56%) 11(64.71%)
1 12(33.33%) 5(29.41%)
≥ 2 4(11.11%) 1(5.88%)
No. of previous CS 0.915
0 5 2
1 21 9
≥ 2 10 6
CSP 6(16.7%) 15(88.25%) 0.000
FIGO grade of PAS NA
2 6(16.67%) 0
3a 30(83.33%) 0
3b 0 17(100%)
3c 0 0
No. of previous PAS 0.004
0 34(94.44%) 12(70.59%)
1 2(5.56%) 5(29.41%)
≥ 2 0 0
GA: gestational age, CS: cesarean section, CSP: Cesarean scar pregnancy, ART: 
assisted reproductive technique, CI: confidence intervals, PAS: placenta accreta 
spectrum

Fig. 3  a. Abnormal vascularization of the placental bed (arrows) b. Focal exophytic mass (arrows)
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Maternal and neonatal outcomes
Table 2 presents a comparison of the maternal and new-
born outcomes of patients with PAS. First, patients with 
bladder involvement had a greater rate of hysterectomy 
than patients without bladder involvement (p < 0.01).
Secondly, patients with bladder involvement spent 
more days in the hospital after surgery than patients 
without bladder involvement (p < 0.01). Furthermore, 
compared to patients without bladder involvement, 
patients with bladder involvement required more ICU 
stays(p = 0.019). PAS patients with bladder involvement 
were more likely to require ureteroscopy or cystos-
copy (p < 0.01). Concurrently, individuals with bladder 
involvement exhibited a higher likelihood of necessitat-
ing embolization of the internal iliac arteries and uterine 
artery embolization(p < 0.01). There was no discernible 
difference in the groups’ perioperative blood transfu-
sion needs, estimated blood loss, fetal weight, or 5-min 
APGAR score < 7(P>0.05).

US and MRI diagnostic performance for PAS with 
bladder involvement
The US study’s findings are reported in table 3
In terms of US findings, there was no significant differ-
ence between the two groups regarding the frequency 
of Loss of “clear zone”, Placental lacunae, Myometrial 
Thinning, and Subplacental Hypervascularity (p > 0.05). 
Of the ten US findings, the tramline sign “fully” oblit-
erated on 3D Crystal Vue had the highest accuracy 
(92.45%,95%CI,81.79–91.91). Patients with PAS and 
bladder involvement tended to occur more frequently 
(all p ≤ 0.05) of bridging vessels, placental bulge, bladder 
wall interruption, uterovesical hypervascularity, focal 
exophytic mass, and the tramline sign “fully” obliter-
ated on 3D Crystal Vue. Bladder wall interruption had 

the highest accuracy among the 2D US signs, measur-
ing 83.02%(95%CI,70.20-91.93),it was followed by focal 
exophytic mass (77.35%) and placental bulge (75.47%).
Of these, focal exophytic mass showed the high-
est specificity (100%,95%CI,90.26–100) and the low-
est sensitivities (29.41%,95%CI,10.31–55.96), while 
Bladder wall interruption showed the highest sensitivity 
(100%,95%CI,80.49–100), followed by uterovesical hyper-
vascularity (94.12%,95%CI,71.31–99.85) and the tramline 
sign “fully” obliterated (88.23%,95%CI,63.56–98.54). The 
tramline sign “fully” obliterated on Crystal Vue had the 
highest diagnostic accuracy (AUC of 0.91,95%CI,0.75-
1.0), followed by bladder wall interruption (AUC of 
0.88,95%CI,0.78–0.97) for identifying bladder involve-
ment in patients with severe PAS diseases (Table 3). The 
US feature ROC curves for bladder involvement diagno-
sis are displayed in (Fig. 4).

Table 3 presents an overview of the MRI study’s findings
On MRI, the bladder-involved patients of severe PAS, 
compared with bladder-uninvolved patients, showed a 
higher frequency (all p ≤ 0.05) of Placental bulge, bladder 
wall interruption, bladder tenting, focal exophytic mass, 
bladder vessel sign.None of the findings (myometrial 
thinning, dark intraplacental bands, loss of retroplacen-
tal dark zone, heterogeneous placenta, abnormal vascu-
larization of the placental bed) between the two groups 
showed a statistically significant difference(p > 0.05). 
Among the ten MRI findings, accuracy was highest 
for bladder tenting (75.47%), bladder wall interrup-
tion (75.47%), bladder vessel sign (75.47%), and placen-
tal bulge (75.47%,95%CI,26.45-54.00),followed by focal 
exophytic mass (73.58%,95%CI,63.79–87.72). The focal 
exophytic mass, bladder tenting, and bladder wall inter-
ruption had high specificity (94.44%, 88.89%, and 77.78%, 

Table 2  Characteristics of maternal and neonatal outcomes
Variable No bladder involvement

(N = 36)
bladder
Involvement
(N = 17)

Pvalue

Blood transfusion 25(69.44%) 14(82.35%) 0.508
Estimated blood loss (mL)
M(P25,P75)
95% CI

1850.00(1000.00, 2500.00)
(1514.49-2413.28)

1500.00(750.00, 2250.00)
1138.88–2367.00

0.559

Number of days in hospital postoperative(d)
M(P25,P75)
95% CI

9.0(6.00, 11.75)
8.35–12.43

11.0(8.00, 19.00)
10.16–17.49

0.039

fetal weight(g) 2672.1 ± 440.8 2720.6 ± 872.3 0.789
ICU 11(30.56%) 11(64.70%) 0.019
5-min APGAR score < 7 1(2.78%) 2(11.76%) 0.238
Hysterectomy 8(22.22%) 11(64.71%) 0.003
Cystoscopy or Ureteroscopy 3(8.33%) 16(94.12%) 0.000
Uterine artery embolization 4(11.11%) 8(47.06%) 0.001
Embolization of the internal iliac arteries 2(5.56%) 5(29.41%) 0.004
ICU:intensive care unit
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US No bladder 
involvement
(N = 36)

bladder 
involve-
ment
(N = 17)

Accuracy
(%)

Sensitivity(%) Specificity(%) PPV(%) NPV(%) P AUC

Loss of “clear zone”
95% CI

34(94.44%) 17(100%) 35.85
23.14–50.20

100
80.49–100.00

5.56
0.68–18.66

33.33
20.76–47.92

100
15.81–
100.00

1.000 0.53
0.36–0.69

Placental lacunae
95% CI

30(83.33%) 14(82.35%) 37.73
24.79–50.11

82.35
56.57–96.20

16.67
6.37–32.81

31.82
18.61–47.58

66.67
29.93–92.51

1.000 0.50
0.33–0.66

Myometrial thinning
95% CI

33(91.67%) 17(100%) 37.73
24.79–52.11

100.00
80.49–100.00

8.33
1.75–22.47

34.00
21.21–48.77

100
29.24–
100.00

0.543 0.54
0.38–0.71

Subplacental 
hypervascularity
95% CI

28(77.78%) 13(76.47%) 39.62
26.45-54.00

76.47
50.10-93.19

22.22
10.12–39.15

31.71
25.28–38.91

66.67
41.11–85.14

1.000 0.49
0.33–0.66

Bridging vessels
95% CI

18(50%) 16(94.11%) 64.15
49.80-76.86

94.12
71.31–99.85

50.00
32.92–67.08

47.06
29.78–64.87

94.74
73.97–99.87

0.002 0.72
0.58–0.86

Placental bulge
95% CI

4(11.11%) 8(47.06%) 75.47
61.72–86.24

47.06
22.98–72.19

88.89
73.94–96.89

66.67
41.11–85.14

78.05
69.05–84.96

0.001 0.68
0.51–0.84

Bladder wall 
interruption
95% CI

9(25%) 17(100%) 83.02
70.20-91.93

100.00
80.49–100

75.00
57.80-87.88

65.38
44.33–82.79

100
87.23–
100.00

0.000 0.88
0.78–0.97

Uterovesical 
hypervascularity
95% CI

21(58.33%) 16(94.12%) 58.49
44.13–71.86

94.12
71.31–99.85

41.67
25.51–59.24

43.24
27.10-60.51

93.75
69.77–99.84

0.008 0.68
0.53–0.82

Focal exophytic mass
95% CI

0 5(29.41%) 77.35
63.79–87.72

29.41
10.31–55.96

100
90.26–100.00

100 75.00
68.82–80.30

0.004 0.65
0.50–0.77

The tramline sign 
“fully” obliterated on 
3D Crystal Vue
95% CI

2(5.56%) 15(88.23%) 92.45
81.79–97.91

88.23
63.56–98.54

94.44
81.34–99.32

88.23
65.85–96.68

94.44
82.19–98.43

0.000 0.913
0.75-1.00

MRI No bladder 
involvement
(N = 36)

bladder 
involve-
ment
(N = 17)

Accuracy Sensitivity(%) Specificity(%) PPV(%) NPV(%) P AUC

Myometrial thinning
95% CI

31(86.11%) 16(94.11%) 39.62
26.45-54.00

94.12
71.33–99.85

13.89
4.67–29.50

34.04
30.19–38.12

83.33
38.73–97.53

0.693 0.54
0.38–0.70

Dark intraplacental 
bands
95% CI

32(88.89%) 15(88.23%) 35.85
23.14–50.20

88.23
63.56–98.54

11.11
3.11–26.06

31.92
27.56–36.61

66.67
28.84–90.80

1.000 0.50
0.33–0.67

Placental bulge
95% CI

12(33.33%) 16(94.12%) 75.47
61.72–86.24

94.12
71.31–99.85

66.67
49.03–81.44

57.14
45.2868.24

96.00
77.95–99.39

0.000 0.80
0.68–0.92

Loss of retroplacental 
dark zone
95% CI

31(86.11%) 16(94.12%) 39.62
26.45-54.00

94.12
71.31–9985

13.89
4.67–29.50

34.04
30.19–38.12

83.33
38.73–97.53

0.693 0.54
0.38–0.70

Bladder wall 
interruption
95% CI

8(22.22%) 12(70.59%) 75.47
61.72–86.24

70.59
44.04–89.69

77.78
60.85–89.89

60.00
43.09–74.83

84.85
72.43–92.27

0.001 0.74
0.59–0.89

Focal exophytic mass
95% CI

2(5.56%) 5(29.41%) 73.58
63.79–87.72

29.41
10.31–55.96

94.44
81.34–99.32

71.43
35.00-92.06

73.91
67.36–79.55

0.004 0.62
0.48–0.75

Heterogeneous 
placenta
95% CI

31(86.11%) 16(94.12%) 39.62
26.45-54.00

94.12
71.31–99.85

13.89
4.67–29.50

34.04
30.19–38.12

83.33
38.73–97.53

0.693 0.54
0.38–0.70

Abnormal vasculariza-
tion of the placental 
bed
95% CI

24(66.67%) 13(76.47%) 47.17
33.30-61.36

76.47
50.10-93.19

33.33
18.56–50.97

35.13
27.62–43.47

75.00
53.12–88.82

0.468 0.55
0.38–0.71

Table 3  Analysis of US and MRI signs in the detection of bladder involvement
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respectively) but low sensitivity (29.41%, 47.06%, 70.59%, 
respectively). The MRI finding with the highest sensitivity 
of 94.12%,95%CI,71.31–99.85) was myometrial thinning, 
loss of retroplacental dark zone, placental bulge, and 
heterogeneous placenta. For detecting bladder involve-
ment of patients with severe PAS, the placental bulge 
achieved the highest diagnostic accuracy with an AUC 
of 0.80(95%CI,0.68–0.92), followed by the bladder vessel 
sign feature with AUC of 0.76(95%CI,0.61–0.9) (Table 3). 
The ROC curves of MRI features for diagnosis of bladder 
involvement are shown in Fig. 5.

AUC curve and multivariable logistic regression 
analysis
Multiple variable logistic regression analysis of US features 
to forecast pas disorders’ bladder involvement
The study employed multivariate logistic regression 
analysis to identify independent predictive features in 
patients with bladder invasion (Table 4). Three US find-
ings (Bridging vessels, Uterovesical hypervascularity, 
The tramline sign “fully” obliterated on Crystal Vue) 
were entered into the multivariable logistic regression 
analysis for predicting bladder invasion.Multiple logis-
tic regression analysis found that the bridging vessels 

Fig. 5  ROC curves of the use of MRI features for diagnosing bladder 
involvement in severe PAS disorders. BI: bladder involvement, MT: Myo-
metrial thinning, DIB: Dark intraplacental bands, Placental bulge, LORDZ: 
Loss of retroplacental dark zone, BWI: Bladder wall interruption, FEM: Focal 
exophytic mass, HP: Heterogeneous placenta, AVOTPB: Abnormal vascu-
larization of the placental bed, BT: bladder tenting, BVS: bladder vessel sign

 

Fig. 4  ROC curves of the use of US features for diagnosing bladder in-
volvement in severe PAS disorders. LOCZ: Loss of “clear zone”,PL: placental 
lacunae, MT: Myometrial thinning, SH: Subplacental hypervascularity, BV: 
Bridging vessels, PB: Placental bulge, BWI: Bladder wall interruption, UH: 
Uterovesical hypervascularity, FEM: Focal exophytic mass, TS: the tramline 
sign “fully” obliterated on 3D Crystal Vue

 

US No bladder 
involvement
(N = 36)

bladder 
involve-
ment
(N = 17)

Accuracy
(%)

Sensitivity(%) Specificity(%) PPV(%) NPV(%) P AUC

Bladder tenting
95% CI

4(11.11%) 8(47.06%) 75.47
61.72–86.24

47.06
22.98–72.19

88.89
73.94–96.89

66.67
41.11–85.14

78.05
69.05–84.96

0.001 0.68
0.51–0.84

Bladder vessel sign
95% CI

9(25%) 13(76.47%) 75.47
61.72–86.24

76.47
50.10-93.19

75.00
57.80-87.88

59.09
43.62–72.95

87.10
73.73–94.20

0.001 0.76
0.61–0.90

CI: confidence intervals

Table 3  (continued) 
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(OR, 31.76,95% CI, 1.64-614.31,p = 0.022) and the tram-
line sign “fully” obliterated on Crystal Vue feature (OR, 
68.92;95%CI,6.76-702.35,p < 0.001) were independently 
associated with an increased likelihood of bladder 
involvement. These findings when combined allowed 

for the prediction of bladder involvement with an 88.2% 
sensitivity, a 94.4% specificity, and an AUC of 0.933 (95% 
CI,0.829–0.983, p = 0.001). Figure  6 displays the inte-
grated risk prediction model and ROC curve of our risk 
factor.

Multivariable logistic regression analysis of MRI features 
to predict pas disorders associated with the bladder 
involvement
Five MRI signs (Placental bulge, Focal exophytic mass, 
Bladder tenting, Bladder wall interruption, Bladder vessel 
sign) were entered into the multivariable logistic regres-
sion analysis for predicting bladder involvement.The 
results of the logistic regression analysis were as follows: 
the three independent risk factors for bladder involve-
ment were: Placental bulge (OR, 57.99, 95%CI, 3.89–
835.80,p = 0.003), Bladder wall interruption (OR,11.93, 
95%CI, 1.60-88.85, p = 0.016), and Bladder vessel sign 
(OR, 9.75,95%CI, 1.43–66.21, p = 0.020) (Table  4). The 
joint diagnosis of these three risk factors showed a sensi-
tivity of 94.1% and specificity of 83.3%.The area under the 
curve was 0.942(95%CI,0.841–0.988, p < 0.001).The risk 
prediction model and ROC curve of MRI risk factor are 
displayed in Fig. 6.

There is no statistically significant difference between 
the two prediction models’ area under the ROC curves 
(P = 0.876,95%CI,-0.104-0.122).

Table 4  Significant US and MRI features for predicting bladder involvement in severe PAS, determined by univariate and multivariate 
logistic regression analyses

Univariate Multivariate Univariate Multivariate
US Variable OR (95% CI) p OR (95% CI) p MRI Variable OR (95% CI) p OR (95% 

CI)
p

Loss of “clear zone” NA 0.999 NA NA Myometrial 
thinning

2.581
(0.277–24.004)

0.405 NA NA

Placental lacunae 0.933
(0.203–4.285)

0.929 NA NA Dark intraplacental 
bands

0.938
(0.154–5.699)

0.944 NA NA

Myometrial 
thinning

NA 0.999 NA NA Placental bulge 32.00
(3.781-270.848)

0.001 57.00
(3.89–
835.80)

0.003

Subplacental 
hypervascularity

0.929
(0.236–3.649)

0.915 NA NA Loss of retropla-
cental dark zone

2.581
(0.277–24.004)

0.405 NA NA

Bridging vessels 16.000
(1.914–33.738)

0.010 31.76 0.010 Bladder wall 
interruption

8.4
(2.275–31.009)

0.001 11.93
(1.60-88.85)

0.016

Placental bulge 176.000
(1.943-1828.208)

0.294 NA NA Focal exophytic 
mass

7.08
(1.21-41.459)

0.030 NA NA

Bladder wall 
interruption

NA 0.998 NA NA Heterogeneous 
placenta

2.581
(0.277–24.004)

0.405 NA NA

Uterovesical 
hypervascularity

11.429
(1.363–95.802)

0.025 NA NA Abnormal vascu-
larization of the 
placental bed

1.625
(0.435–6.068)

0.470 NA NA

Focal exophytic 
mass

NA 0.999 NA NA Bladder tenting 7.111
(1.737–29.120)

0.006 NA NA

The tramline sign 
“fully” obliterated on 
3D Crystal Vue

39.963
(7.275–219.520)

0.000 68.92
(6.76-702.35)

0.000 Bladder vessel sign 5.75
(1.550-21.329)

0.009 9.75
(1.43–66.21)

0.020

NA = not applicable, CI: confidence intervals, OR: odds Ratio

Fig. 6  ROC analysis of combined US and MRI features to calculate the AUC 
for detecting bladder involvement in severe PAS disorders 
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Discussion
Severe postpartum hemorrhage (SPPH) is a major cause 
of maternal death and severe maternal morbidity.Pla-
centa previa (aOR = 9.75, 95% CI: 7.45–12.75) and PAS 
(aOR = 8.00, 95% CI: 6.20–10.33) are significant risk fac-
tors for Severe postpartum hemorrhage(SPPH) [35]. In 
many countries, placenta accreta spectrum disorders are 
on the rise.The high cesarean rates acted as a catalyst for 
PAS incidence [36]. The previous study identified two 
potential factors when it came to the risks of PAS: one 
had a previous cesarean delivery, and the other had a pre-
via placenta [37]. Cesarean scar pregnancy is a known 
trigger for PAS disorders [1]. In the present study, we 
found that the rate of cesarean scar pregnancy was higher 
in patients with bladder involvement than in those with-
out bladder involvement (p < 0.01). A study based on 10 
cases of cesarean scar pregnancy(CSP) showed that CSP 
is a precursor of PAS, both sharing the same histopathol-
ogy [38].Thus, This early detection of CSP is crucial.In 
our study, 5 of 17(29.41%) patients with bladder invasion 
had a history of PAS in previous pregnancies.Aligns with 
Bhatia et al. [39] study, women with CS who underwent 
placental implantation over a lower uterine scar had an 
increased risk of developing PAS problems.

In certain cases of PP, a large number of newly devel-
oped vessels may impede bladder dissection and result in 
excessive bleeding [40]. Numerous problems, including 
an elevated risk of bleeding during and after pregnancy, 
the need for blood transfusions, sepsis, hysterectomy, and 
the need to move the mother to urgent care, can result 
from PAS. Additionally, prematurity, low Apgar scores, 
and neonatal and fetal death are linked to PAS. Bladder 
involvement in PP is an uncommon but dangerous con-
dition. Urteric stent placement before to surgery is espe-
cially advised to minimize urinary tract damage [41]. A 
ureteric stent can be implanted during a cystoscopy or 
ureteroscopy to address bladder invasion caused by the 
placenta. Surgeon preference is responsible for the incon-
sistent usage of cystoscopy or ureteroscopy [41]. A com-
plete or partial hysterectomy was performed in almost all 
PP instances including bladder involvement [42]. In this 
study, 11 patients who had bladder involvement under-
went a hysterectomy; these patients also had a greater 
rate of ureteric stent use and hysterectomy overall. Pro-
phylactic abdominal aortic balloon occlusion (AABO), 
uterine arterial embolization, iliac internal artery liga-
tion (IIAL), and uterine artery ligation (UAL) are some 
of the procedures certain institutions [22, 40, 43, 44] may 
use to reduce hemorrhage operation complications. A 
retrospective case control study showed that an internal 
iliac arteryballoon placement did not reduce the amount 
of intraoperative bleeding or the need for hysterectomy 
[45]. It is important to balance the benefits of reducing 
blood loss with the risks of adverse maternal outcomes 

include vascular injury and thrombus formation.During 
hysterectomy, neither balloon placement nor intraop-
erative ligation is supported by the current evidence [9].
Reported strategies for Bladder invasion include obstetric 
hysterectomy, leaving the placenta in situ with postop-
erative methotrexate therapy and removal of the placenta 
with bladder reconstruction in a single stage [13]. Opti-
mizing diagnosis and treatment can lead to better post-
natal outcomes, especially when the PAS is carried out 
by a general hospital or by a skilled operator [16, 44, 46, 
47]. Definitive preoperative diagnosis helps to fully pre-
pare and organize multidisciplinary(a team of physicians 
and surgeons representing urology, radiology, and obstet-
ricsgynecology) assistance for complex surgery that may 
require massive blood transfusion [48].

In our study, out of the ten US findings, accuracy was 
highest for the tramline sign “fully” obliterated on 3D 
Crystal Vue (92.45%). The tramline sign “fully” obliter-
ated showed high specificity (94.44%) and high sensitivi-
ties (88.23%). More detail, including solid and distinct 
soft tissue outlines, is possible because of 3D. The bladder 
mucosa and uterine serosa are represented by the “tram-
line” sign [21, 27, 32]. According to a recent study, “par-
tially or fully obliterated” tramline signs on 3D Crystal 
Vue have a strong association with indications of opera-
tive complexity, postnatal confirmation of PAS, and peri-
partum hysterectomy [27]. According to Shaoqi Chen et 
al., a 2D ultrasound overdiagnosis was reversed by Crys-
tal Vue. The 2D US showed an uneven bladder wall and 
worrisome bladder involvement, but the whole tramline 
was visible in the Crystal Vue image, indicating that the 
placenta was correctly identified as PA rather than PP. 
As a supplementary method, 3D US can be used to diag-
nose or rule out PP [19].On 3D Crystal Vue, the tramline 
sign “fully” obliterated had great AUC of 0.913 (p = 0.000, 
CI,0.75-1.00) to predict bladder invasion. This finding is 
consistent with that of Theophilus K.etal who showed 
that all the US signs, the 3D disrupted urinary bladder 
wall with obliterated vesicouterine space was the only 
predictor for bladder involvement with an OR of 27(95% 
CI 3.8–191.7, p < 0.001) [21].A “rail sign” is defined as two 
parallel neovascularization’s over the bladder mucosa and 
uterovesical junction that are joined by bridge vessels that 
are perpendicular to both [49]. Rail symptoms were iden-
tified as an independent risk factor for bladder invasion 
in their sample (OR, 3.86; 95% CI, 1.04–14.41; P¼0.033). 
If a rail sign is negative, the NPV of bladder invasion is 
95.1%, indicating high confidence in rejecting bladder 
invasion.Despite the fact that “rail sign” and “tramline 
“sign are similar terms, researchers must acknowledge 
that their clinical implications are different.In our study, 
according to multiple logistic regression analysis, bridg-
ing vessels (OR, 31.76,95%CI:1.64-614.31,p = 0.022) and 
the tramline sign “fully” obliterated on 3D Crystal Vue 
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(OR, 68.92,95%CI, 6.76-702.35,p < 0.001) were linked 
to the existence of bladder involvement.The combined 
results had an 88.2% sensitivity, a 94.4% specificity, and 
an AUC of 0.933 (p = 0.001). Bridging vessels illustrates 
the presence of serosal neovascularity which could be 
sometimes seen to have vascular anastomosis with the 
vesical vessels [50, 51].Rather than traverse the myo-
metrium and bladder, these vessels are actually the con-
torted vessels of the neovascularity within the serosal. 
Even though in our study bridging vessels could be seen 
in almost case of bladder involvement, in clinical prac-
tice, the presence of bridging vessels could be seen with 
or without bladder involvement.There are probably still 
too few cases studied.2D US signs accuracy was high-
est for Bladder wall interruption (83.02%), showed high 
sensitivity (100%) and a 75% specificity.The disruption of 
the bladder wall in 2D grayscale could indicate that the 
placental villi had invaded the bladder wall [31], but blad-
der wall interruption also indicates serosal neovascularity 
and is most likely an ultrasound artefact arising from the 
massive neovascularitn [1, 50] or Urinary bladder varices 
[52]. It is very difficult to identify on the 2D US.Our study 
included a case in which a 2D gray and CDFI ultrasound 
revealed an interrupted bladder wall and uterovesical 
hypervascularity, raising suspicion of bladder implan-
tation. However, 3D crystal imaging indicated that the 
vessel was highlighting the uterine wall rather than inter-
ruption of the bladder wall, with postoperative findings 
confirming placental implantation.

The study’s data [53] showed that the subjective 
appearance of hypervascularity, myometrial thickness, 
bladder wall interruption, and placental bulge, as well as 
the US and MRI markers of PAS abnormalities, change 
as the bladder fills.When the bladder is empty, it is chal-
lenging to identify placental bulging into the surrounding 
tissue.Furthermore, a decrease of myometrium thickness 
and the retroplacental clear zone may arise from high 
probe pressure [30]. A prior study [54] found that in the 
multivariable regression analysis, placental bulge was an 
independent predictor of severe PAS on US (OR, 8.94; 
p = 0.02) and MRI (OR, 45.67; p = 0.003).The results of our 
investigation indicated that the placental bulge had a high 
specificity of 88.89%, accuracy of 75.47%, lower sensitiv-
ity of 47.06%, and an AUC of 0.68 (CI,0.51–0.8, p = 0.001) 
on US and an AUC of 0.80 (CI,0.68–0.92, p = 0.000) on 
MRI. This aligns with the findings of earlier research [55]. 
Researchers frequently employ subjective descriptions of 
symptoms; therefore, several labels may be applied to the 
same condition. The placental bed’s abnormal vascular-
ization, the uterovesical interface’s abnormal vasculariza-
tion, the bladder vessel sign, and the serosal vessel sign 
are all indicators of abnormal vascularization.While not 
exact replicas, these signs are similar. They stand for vari-
ous vascularization intensities. They might be involved 

in the same pathological mechanism.2D color Numerous 
parameters, including patient fat and thinness, bladder 
capacity, operator manipulation, and instrument settings, 
influence the Doppler blood flow display. Compared to 
grey-scale imaging, operator error is more likely to occur 
with CDFI. According to an observational case-control 
research, sonography can be used as an additional marker 
to identify pulsing veins at the posterior bladder wall 
with a low RI early in pregnancy, which can help diagno-
sis severe PAS disease [56]. To validate this quantitative 
report—which is still comparatively uncommon—many 
more investigations are required.

The detection of invasive placental diseases can be 
accomplished with both MRI and US, according to 
a prospective US and MRI comparison investigation 
[24]. MRI, however, provides a more accurate predic-
tion of bladder invasion. When MR and US were com-
pared for the diagnosis of placental adhesive problems, 
Masselli et al. [57] discovered that MRI was a very use-
ful method for topographic assessment and staging of 
these illnesses (P < 0.001). Excellent indicators of the 
extent and intensity of placental invasion are provided 
by placental MRI [58]. MRI was performed on a sub-
set of the ultrasonography-screened group in multiple 
trials. We must acknowledge that, in cases when a hys-
terectomy is planned or the placenta is placed in the 
posterior wall, MRI should be the method of choice 
for determining the topography and depth of placental 
invasion [23].According to our research, bladder inva-
sion might be independently predicted by MRI indica-
tors for placental bulge, bladder wall interruption, and 
bladder vessel sign. The results of the logistic regres-
sion analysis indicated that bladder wall interruption 
(OR, 11.93; 95%CI, 1.60-88.85, p = 0.016), bladder vessel 
sign (OR, 9.75; 95%CI, 1.43–66.21; p = 0.020), and pla-
cental bulge (OR, 57.99; 95%CI, 3.89–835.80, p = 0.003) 
were independent risk variables of severe PAS of blad-
der involvement.The combined diagnosis had an 83.5% 
specificity and 94.1% sensitivity.0.942 was the area under 
the curve(95%CI,0.841–0.988,p < 0.001). A Prospective 
Evaluation [22]reported Bladder vessel sign (OR, 5.73; 
95% CI, 1.14–28.79; p = 0.021) and serosal vessel sign 
(OR, 14.72; 95% CI, 2.82–76.83; p = 0.001) were found 
to be independent predictors of bladder involvement by 
multiple logistic regression analysis [22]. Bladder ves-
sel sign was by far the most accurate predictor for blad-
der involvement (AUC = 0.96, p < 0.001) with sensitivity, 
specificity, PPV, and NPV of greater than 95% [22].Con-
sistent with the previous literature [14, 22], Bladder 
tenting was another significant predictor but an only 
moderately accurate (AUC = 0.68, p < 0.001) figures for 
bladder invasion in PAS. A explantation for this result 
change as the bladder fills. A focal exophytic mass on 
MRI can raise the concern of bladder invasion, but lower 
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sensitivity(29.41%,95%CI,10.31–55.96),this finding is 
consistent with the previous literature [14].It seems pos-
sible that the rarity of the sign.According to Watchaya 
Jariyawattanarat et al. [14], abnormal vascularization 
at the uterovesical interface on MRI and the absence of 
chemical shift artifacts in the steady-state free precession 
sequence together predicted bladder involvement with 
high specificity, demonstrating the highest specificity and 
PPV of 100%, a sensitivity of 38%, and an NPV of 66% 
(p < 0.001).

It is important to acknowledge that not every PAS 
patient with bladder involvement will exhibit all aber-
rant indications, and that not every sign will imply blad-
der implantation. This also explains why there is no gold 
standard for indicators of bladder involvement in any of 
the signs.

Strengths and limitations
Although many articles have evaluated the value of ultra-
sound and MR in the diagnosis of placenta implantation, 
few articles have compared the value of both in bladder 
implantation.We did not compare 2 D US with MRI; 
instead, we compared 2D integrated 3D Crystal Vue with 
MRI. We examined the accuracy, sensitivity, specific-
ity, and other aspects of each sign due to other clinical 
and pathological variables associated with each symp-
tom. Since subjective factors can easily influence sticky 
placenta implantation, a definitive diagnosis is difficult 
to achieve. Patients with PI and PP are the study’s target 
population because they are clinically and pathologically 
complex and challenging to diagnose.

Limitations
First, this was a retrospective study. Secondly, the sam-
ple size in this study was somewhat small, However, this 
number allowed an adequate statistical analysis.The inci-
dent of bladder invasion was low. Compare with other 
institutions, there are still a lot of patients with bladder 
involvement overall.Because we are a complete hospital, 
many pregnant women are referred from small hospitals 
to ous hospital. Furthermore, it’s possible that the doc-
tors’ selection and the referral cases overstated the preci-
sion of the two methods. Afterall, All of our physicians 
are attending physicians and senior associate chief phy-
sicians.The referral cases adds some detail and improves 
the accuracy of our assessment. We believed experi-
enced and skilled physicians are needed and severe PAS 
patients showed also be transferred to a specialist hos-
pital. Because MRIs are only performed in our hospital 
when PAS is suspected, evaluating their performance 
is skewed. As a result, it also somewhat increases diag-
nostic accuracy.Multicenter approach should be used in 
future studies to create more dependable models.

Conclusions
Both 2D coupled 3D Crystal Vue imaging and MRI are 
highly effective when diagnosing bladder implantation.
Ultrasound is preferred over MRI because it is more con-
venient and more affordable.Among them, the tramline 
sign “fully” obliterated was a new and reliable US sign for 
detecting bladder involvement.
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