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Abstract

Objectives To characterise MRI features of invasive placenta
previa and to identify specific features for differentiating pla-
centa percreta (PP) from placenta accreta (PA).

Methods Forty-five women with PP and 93 women with PA
who underwent 1.5T placental MRI were included. Two radi-
ologists independently evaluated the MRI features of invasive
placenta previa, including our novel type of placental bulge
(i.e. placental bulge type-II, characterized by placental bulge
with distorted uterine outline). Pearson’s chi-squared or
Fisher’s two-sided exact test was performed to compare the
MRI features between PP and PA. Logistic stepwise regres-
sion analysis and the area under the receiver operating char-
acteristic curve (AUC) were performed to select the optimal
features for differentiating PP from PA.

Results Significant differences were found in nine MRI fea-
tures between women with PP and those with PA (P <0.05).
Placental bulge type-II and uterine serosal hypervascularity
were independently associated with PP (odds ratio = 48.618,
P <0.001; odds ratio = 4.165, P = 0.018 respectively), and the
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combination of the two MRI features to distinguish PP

from PA yielded an AUC of 0.92 for its predictive

performance.

Conclusion Placental bulge type-1I and uterine serosal

hypervascularity are useful MRI features for differentiating

PP from PA.

Key Points

* Placental bulge type-II demonstrated the strongest indepen-
dent association with PP,

o Uterine serosal hypervascularity is a useful feature for dif-
ferentiating PP from PA.

* MRI features associated with abnormal vessels increase the
risk of massive haemorrhage.

Keywords Placenta percreta - Placenta increta - Placenta
accreta - Magnetic resonance imaging - Prenatal diagnosis
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AUC Area under the receiver operating characteristic
curve

MRI Magnetic resonance imaging

NPV Negative predictive value

PA Placenta accreta

PP Placenta percreta

PPV Positive predictive value

ROC Receiver operating characteristic curve

T2-Haste  T2-weighted half-Fourier single-shot turbo spin
echo

T2-True T2-weighted true fast imaging with steady-state

FISP precession

Introduction

Abnormal invasive placenta (AIP) represents a spectrum of
disease severity characterized by abnormal, firmly adherent
placenta implantation with various depths into the uterus,
which is typically referred to as placenta accreta, increta and
percreta [1]. Prior caesarean section and placenta previa are
important predisposing factors for AIP [2]. Over the past 40
years, the incidence of AIP has increased from <1/2000 in the
1980s to about 1/500 pregnancies at present, as a consequence
of the concomitant increasing rate of caesarean section [1, 3].

When AIP occurs, the placenta may not be completely
separated from the uterus at the time of delivery, resulting in
potentially life-threatening intrapartum or postpartum massive
haemorrhage and associated morbidity such as multisystem
organ failure, disseminated intravascular coagulation and even
death [4]. Placenta percreta (PP) is the most life-threatening
invasion type of AIP, and is characterized by trophoblasts fully
penetrating through the myometrium, including cases extend-
ing to or breaching the serosa and even invading surrounding
structures [5]. A well planned multidisciplinary team approach
could minimize the potential risks of maternal and/or foetal
morbidity and mortality. Several studies have reported de-
creased morbidity (67.0% vs. 36.0%) and reduced blood loss
(2,344 + 1.7 vs. 2,951 £ 1.8 ml) in cases of prenatal planned
caesarean sections, rather than emergent caesarean sections [ 1,
6, 7]. Thus, an accurate prenatal diagnosis of PP is imperative.

Although ultrasonography is the primary modality for an-
tenatal diagnosis of AIP, placental MRI is playing an increas-
ingly important role in preoperative planning [8]. Various
MRI features have been shown to be indicative of AIP
[9-14] and placental MRI has been reported to have good
overall predictive accuracy in detecting AIP (sensitivity,
82.2-100%; specificity, 84.0-100%) [15-18]. However,
distinguishing PP and placenta accreta (PA), especially in
the absence of extauterine placental extension [19, 20], re-
mains difficult. In addition, not only have some features (i.c.
uterine bulge, placental bulge and abnormal vascularity) not
been clarified in detail but also their diagnostic utility for

reliably identifying pregnancies complicated by PP remains
underexplored. Therefore, our primary objective was to iden-
tify specific MRI features for differentiating PP from PA and
the secondary objective was to characterise the features of
invasive placenta previa.

Methods
Patients

This retrospective study was approved by our Institutional
Review Board, and written informed consent was waived.
From January 2009 through March 2015, a total of 262 preg-
nant women with suspected invasive placenta previa
(screened by ultrasonography) underwent prenatal placental
MRI examinations at our institution. Ninety-three pregnant
women with PA (mean gestational age, 33.4 weeks (range,
2040 weeks); mean age, 32 years (range, 2143 years)) and
45 women with PP (mean gestational age, 34.3 weeks (range,
22-39 weeks); mean age, 33 years (range, 2042 years)) were
recruited. All the PP patients had at least one prior caesarean
section with an increased mean number of prior caesarean
sections (1.3 (range 1-3)) than PA patients (1.1 (range, 1-2)).

The following clinical data were recorded: the rate of hys-
terectomy in PP and PA patients was 48.9% (22/45) and
17.2% (16/93), respectively; the rate of interventional therapy
was 71.1% (32/45) and 63.4% (59/93), respectively; the blood
loss during caesarean section in PP and PA patients was
3,137.8+ 2,484.9 (800-15,000) ml and 1,490.3 £+ 1,361.5
(200-8,000) ml, respectively. The detailed exclusion criteria
and the study flowchart are shown in Fig. 1. No foetal or
maternal sedation was used for any of the examinations, and
specific absorption rate limits were in keeping with depart-
mental protocols.

MRI examinations

The MRI examinations were performed on 1.5T MAGNETOM
Amira (Siemens, Shenzhen Magnetic Resonance, Shenzhen,
China) and MAGNETOM Sonata (Siemens, Erlangen,
Germany) with body and spine array coils. All the patients were
imaged in the supine position or left-lateral position with bladders
moderately full. T2-weighted half-Fourier single-shot turbo spin
echo (T2-Haste) and T2-weighted true fast imaging with steady-
state precession (T2-True FISP) images were obtained without
breath holding in the axial, coronal, sagittal and oblique sagittal
planes. Additional imaging planes, perpendicular to the placenta-
uterus interface or uterus-bladder interface, were obtained in the
region ofthe suspected AIP. The acquisition parameters for all the
sequences are shown in Table 1.
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Fig. 1 Flowchart of the study
design.

Standard of reference

Confirmation of PP was based on both surgical and patholog-
ical criteria: gross placenta/villi fully penetrating through the
myometrium and invading the uterine serosa or even extra-

uterine structures [5, 9].
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Pregnant women with suspected IPP underwent placental MR

examinations and were also delivered at our institution (Jan.

2009~Mar. 2015), N =262

—>

kreached)

\
Placental MR images were independently analyzed

by two radiologists for an array of MRI features
considered indicative of IPP , with differences
resolved by consensus ( If rater 1 and rater 2 could

not reach an agreement, a third radiologist was

brought into the discussion for consensus to be

Exclusion (n = 124)

-poor image quality (motion artifacts, increased noise, wrap
around artifacts, etc.) (n = 20)

-incomplete images (n = 11)

-inadequate surgical records (n = 13)

- noninvasive placenta confirmed by surgical records (n=61)
-suspected placenta insufficiency (n =2)

-gestational diabetes and type-2 diabetes (n = 13)

-multiple pregnancies (n=3)

-additional structural abnormalities of placentas (n=1).

S

MR features: Myometrial thinning, Interrupted myometium , Loss of the placental-myometrial interface,
Marked placental heterogeneity, Dark intraplacental bands, Abnormal intraplacental vascularity, Abnormal

uterine bulging, Placental bulge (type I, type IIa, type IIb), Uterine serosal hypervascularity, Bladder wall

nodularity, Extrauterine placental extension

U

MRI feature for distinguishing PP from PA;
comparison of the MR features between PA and PP

Sensitivity, specificity, PPV, NPV and AUC of each

using the Pearson Chi squared or Fisher’s exact test

e

Logistic stepwise regression analysis to gauge

variables * independent association with PP

U

The features with P value < 0.05 (Pearson Chi
squared or Fisher’s exat test ) were used in the

logistic stepwise regression analysis

Assessment of predictive value of the logistic

regression model using ROC

Note.— IPP = invasive placenta previa, PPV = positive predictive value, NPV = negative predictive value,

AUC = area under the receiver operating characteristic curve, PA = placenta accreta, PP = placenta percreta,

ROC = receiver operating characteristic curve

Confirmation of placenta accreta/increta was based on sur-
gical and/or pathological evidence of placental adhesion to or

invasion into the myometrium with intact uterine serosa [5,
20, 21]. The surgical evidence of PA also included the diffi-
culty in manual removal of the placenta or massive bleeding

after placental separation in a well-contracted uterus [9].
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Table 1 Magnetic resonance

imaging parameters Parameter sequences T2-Haste T2-True FISP TIWI DWI(b=800)
TR/TE (ms) 1,000/94 43/2.1 286/4.62 5,000/97
Flip angle (degrees) 150 76 90 NA
Total acquisition time (s) 21-28 011-14 21 87
FOV (mm) 360400 360400 380 380
Slice thickness/gap (mm)  4-6/0.8-1.2 4-6/0.8-1.2 4-6/0.8-1.2 5/1.0
Voxel size (mm®) 1.6x1.4x(4.0-6.0)  1.6x1.8x(4.0-6.0)  1.5x1.5%(4.0-6.0)  2.2x2.2x5.0
Acquisition matrix 256%256 256%256 256%256 176x176
NEX 1 1 1 4

T2-Haste T2-weighted half-Fourier single-shot turbo spin echo, 72-True FISP T2-weighted true fast imaging with
steady-state precession, DWI Diffusion-weighted Imaging, 7R repetition time, 7E echo time, FOV field of view,
NEX number of excitation, NA not applicable.

Imaging analysis

All the MR images were evaluated retrospectively on a Picture
Archiving and Communication Systems work station by two
experienced radiologists (Rater 1 and Rater 2, both with more
than 5 years’ experience in obstetric MRI reading), who were
blinded to the original radiology reports and surgical and patho-
logical information of the subjects. They evaluated all the MRI
features independently for presence orabsence, including the two
types of placental bulge and the subtypes of placental type-II
(type-Ila and type-IIb). If Rater 1 and Rater 2 could not reach
an agreement, a third radiologist (Rater 3, with 7 years of experi-
ence of obstetric MRI reading) was brought into the discussion in
order to reach a consensus. Prior to the image analysis, all the MR
features were accurately defined and explained to all the raters.
The MRI features considered indicative of invasive placenta
previa were depicted as follows:

1. Myometrial thinning: The myometrium thins and the
typical trilaminar appearance is undetectable [11].

2. Interrupted myometrium: The myometrium is interrupted
abruptly at the site of focal placenta bulging [20].

3. Loss of the placental-myometrial interface: The thin
hypointense layer disappears between the placenta and
myometrium [11].

4. Marked placental heterogeneity: In the setting of
intraplacental haemorrhage, infarct, abnormal vascularity
or other parts of the abnormal signal are present, and the
placenta signal is usually markedly heterogeneous [12, 22].

5. Dark intraplacental bands: These are depicted as nodular or
linear areas of low signal intensity in the placenta on both
the T2-Haste sequence and the T2-True FISP sequence.
These bands are also characterized by having a maximum
diameter of more than 2 cm, varying thickness, a random
distribution, and extending from the uterine-myometrial
interface to the intraplacental region [12].

6. Abnormal intraplacental vascularity: This is defined as tor-
tuous enlarged flow voids on the T2-Haste sequence and

high signal on the T2-True FISP sequence deep within the
placenta-measuring at least 6 mm in diameter [ 10].

7. Abnormal uterine bulge: This feature is depicted as diffuse
widening of the lower uterine segment, taking on an
hourglass-shaped appearance [12, 20].

8. Placental bulge (type-1 and type-II): Placental bulge is divid-
ed into two categories depending on whether the smooth
uterine outline is distorted. When the placenta demonstrates
a focal bulge slightly outwards into the subjacent
myometrium and the outline is intact and not distorted, it is
defined as placental bulge type-I; when the placenta shows a
focal outward bulge with distorted outline shape and ablur of
the subjacent outline, it is defined as placental bulge type-I1.
In our experience, bridging vessels are frequently noted
through the focal bulging placenta (type-II). These bridging
vessels are often running perpendicularly across through the
focal bulging placenta and serosal layer, and extending to the
parametrium. Therefore, we subdivided placental bulge
type-Ilinto two novel subsets: type-Ila (placental bulge with
bridging vessels) and type-1Ib (without bridging vessels).
The above placental descriptors are illustrated in Fig. 2.

9. Uterine serosal hypervascularity: This represents tortuous
and closely packed vessels (tortuous flow voids on the T2-
Haste sequence and hyperintense on the T2-True FISP se-
quence) along the uterine serosa in the lower uterine seg-
ment on the axial images. These abnormal vessels are anal-
ogous to those seen on ultrasound [27].

10. Bladder wall nodularity: The bladder wall takes on an
irregular or nodular hyperintense appearance [20].

11. Extrauterine placental extension: Placental tissues pene-
trate through the uterine serosa and form masses beyond
the uterus [20].

Statistical analysis

For clinical relevance and statistical analysis, we used ‘pla-
centa accreta (PA)’ as an umbrella term for placenta accreta
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Fig. 2 Diagram illustrating the
MRI features of placental bulge

Without placental bulge

and increta. Inter-rater agreement was evaluated by using
kappa statistics. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and the area
under the receiver operating characteristic curve (AUC) of
each MRI feature were calculated. Moreover, all the potential
MRI features were compared using Pearson’s chi-squared or
Fisher’s two-sided exact test between women with PP and
those with PA. Values that reached statistical analyses were
then included in a logistic regression analysis to identify inde-
pendent predictors of PP. A stepwise analysis was conducted
using a forward stepping procedure based on a likelihood ratio
test, with P < 0.05 for variable inclusion and P > 0.1 for
exclusion from the model. The predicted value of the logistic
regression model was assessed using the receiver operating
characteristic (ROC) curve analysis. All the statistical tests
were two-tailed, and P < 0.05 was considered to be statistically
significant. The data were analysed using SPSS software (ver-
sion 17, SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and clinical management

Of 138 women in the analysis, 45 had pathological and surgi-
cal confirmation of PP, and the remaining 93 women were
diagnosed with PA (accreta/increta). Among the PA cohort,
57 (57/93) were confirmed by both surgical findings (at the
moment of caesarean delivery) and pathological findings, and
36 (36/93) were confirmed by detailed surgical findings pro-
vided at the time of caesarean delivery. The increased number
of prior caesarean sections was associated with higher risk for
PP (P=0.038). The maternal characteristics of the entire study
population are summarized in Table 2. The rate of hysterecto-
my in PP was higher than in PA (P < 0.001). The blood loss
during caesarean section in the PP cohort was larger than that
in the PA cohort (P < 0.001), regardless of the management
methods used. There was no significant difference in the rate
of interventional therapy between PP and PA (P=0.446), but
the occluding time during interventional therapy in the PP

@ Springer
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Placental bulge type-I

Placental bulge type-lla  Placental bulge type-llb

cohort was longer than that in the PA cohort (36.4 + 8.7
(25-65) vs. 25.1 £9.6 (11-50) min, P < 0.001). Among nine
women with bladder involvement, eight of them underwent
partial bladder resection and/or repair, and one had bladder
cystotomy.

Inter-rater agreement

There was substantial agreement for all the MRI features of
invasive placenta previa (kappa coefficient ranging from
0.661 to 0.801), except for myometrial thinning, loss of
placental-myometrial interface and extrauterine placental ex-
tension. The detailed results are shown in Table 3.

Comparison of MRI features between placenta accreta
(PA) and placenta percreta (PP)

Significant differences were found in nine depicted MRI fea-
tures between pregnancies with PP and those with PA
(P<0.05). However, only placental bulge type-1I and uterine
serosal hypervascularity yielded higher sensitivity (88.9% and
80.0%, respectively), higher specificity (90.3% and 73.1%,
respectively) and a larger AUC (0.896 and 0.766, respective-
ly) for differentiating PP from invasive placenta previa.
Placental bulge type-I (Fig. 3) showed higher sensitivity
(91.1%) but lower specificity (30.1%). Placental bulge type-
[la, bladder wall nodularity and extrauterine placental exten-
sion had 100% specificity and PPV, but the lowest sensitivity
(37.8%, 20.0% and 2.2%, respectively). The detailed results
are shown in Table 4.

Selection of the optimal MRI Features for distinguishing
PP from PA

The nine significant MRI features were then introduced into a
binary logistic regression analysis, which was used for
selecting the optimal variables for distinguishing PP from
PA. The MRI features of placental bulge type-II (Fig. 4) and
uterine serosal hypervascularity (Fig. 5) were found to be
independently associated with PP (odds ratio=48.618,
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Table 2  Maternal characteristics and clinical information
Maternal demographics Placenta accreta (n=93) Placenta percreta (n=45) P
Age,y' 32.2+4.6 (21-43) 33.4+5.0 (20-42) 0.115
Ethnicity, n (%) Asian 93 (100.0) 45 (100.0) 1
Pregnancy BMI (kg/m?)" 27.9+3.5 (19.2-37.5) 28.8+3.6 (22.6-40.8) 0.229
Gestational age (wk)" at MRI 33 3/7 (20 1/7-40) 34 2/7 (21 5/7-39 3/7) 0.506
at delivery 36 5/7 (21 0/7-40 4/7) 353/7 (23 0/7-39 4/7) 0.83
Placental previa low lying or marginal 9.7 6 (13.3)
partial 7 (7.5) 3(6.7)
complete 77 (82.8) 36 (80.0)
* Interventional therapy 59 (63.4) 32 (71.1) 0.446
compression time (min)” 25.149.6 (11-50) 36.4+8.7 (25-65) <0.001
Gravidity mean (ran,ge)T 34 (2-8) 3.6 (2-8) 0.151
2 33 (35.5) 6 (13.3)
3 22 (23.7) 17 (37.8)
4 18 (19.4) 14 31.1)
>5 20 (21.5) 8(17.8)
Prior caesarean delivery mean (range)T 1.1 (1-2) 1.3 (1-3) 0.038
1 81 (87.1) 33 (73.3)
2 12 (12.9) 10 (22.2)
3 0 (0) 2 (4.4)
Blood loss at delivery, ml" 1,490.3+1,361.5 (200-8000) 3,137.8+2,484.9 (800-15,000) <0.001
Hysterectomy performed 16 (17.2) 22 (48.9) <0.001

Note: Placenta accreta and increta were considered together and are referred to as ‘placenta accreta’ Unless otherwise indicated, values are frequencies
and numbers in parentheses are percentages

£l . . . .
Values are expressed as means + standard deviations, with ranges in parentheses

Values are means, with ranges in parentheses

Table 3  Kappa coefficients for assessment of inter-rater agreement for
MRI features

P<0.001; odds ratio=4.165, P=0.018, respectively), and were
ultimately selected to form a logistic regression model
(Table 5). Its accuracy for diagnosing PP was assessed using

MRI features Kappa

Myometrial thinning 0.436

Interrupted myometrium 0.686

Loss of the placental-myometrial interface 0.491

Marked placental heterogeneity 0.665

Dark intraplacental band 0.777

Abnormal intraplacental vascularity 0.745

Abnormal uterine bulge 0.761

Placental bulge (type-I) 0.801

Placental bulge (type-1II) 0.797

type-lla 0.739

type-1Ib 0.780

Uterine serosal hypervascularity 0.764

Bladder wall nodularity 0.661 Fig. 3 Placenta 'increta (PD) in a {10-year-old woman at 35 weeks’
. . gestation. (a) Sagittal T2-Haste MR image demonstrates placental bulge

Extrauterine placental extension 0.495

Note: The kappa coefficients were interpreted as follows: 0.00-0.20,
slight agreement, 0.21-0.40, fair agreement,

0.41-0.60, moderate agreement, 0.61-0.80, substantial agreement, 0.81—
1.00, almost perfect agreement

type-1 (white arrows) with an intact uterine outline; (b) Photograph of
gross specimens after hysterectomy shows placenta has invaded into the
myometrium (white arrows) with intact uterine serosa, consistent with PI;
(¢) Photomicrograph (magnification, x400; haematoxylin-eosin stain)
shows chorionic villi (black arrowheads) implanted onto the
myometrium (white arrowhead), consistent with PI
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NPVt AUC

PPV’

Specificity”

Sensitivity"

Placenta percreta (n=45)"

=93)"

Placenta accreta (n

Table 4 Comparison of MRI features between placenta percreta and placenta accreta
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0.177%
0.004!
0.551%
<0.001"
<0.001"
<0.001"
0.002!
0.005'
<0.001"
<0.001%
<0.001"
<0.001"
<0.001%
0.326°

0.532
0.601
0.516
0.734
0.676
0.655
0.632
0.606
0.896
0.707
0.689
0.766
0.600
0.511

100.0 (6/6)
92.0 (23/25)
100.0 (3/3)
90.3 (56/62)
89.6 (43/48)
92.1 (35/38)
86.1 (37/43)
87.5 (28/32)
94.4 (84/89)
76.9 (93/121)
79.2 (84/106)
88.3 (68/77)
72.1 (93/129)
67.9 (93/137)

34.1 (45/132)
38.1 (43/113)
33.3 (45/135)
51.3 (39/76)
44.4 (40/90)
42.0 (42/100)
41.1 (39/95)
38.7 (41/106)
81.6 (40/49)
100 (17/17)
76.7 (23/30)
59.0 (36/61)
100.0 (9/9)

100.0 (1/1)

24.7 (23/93)
3.2 (3/93)
60.2 (56/93)
46.2 (43/93)
37.6 (35/93)
39.8 (37/93)
30.1 (28/93)
90.3 (84/93)
100 (93/93)
90.3 (84/93)
73.1 (68/93)
100.0 (93/93)
100.0 (93/93)

6.5 (6/93)

.

PPV positive predictive value, NPV negative predictive value, AUC the area under the receiver operating characteristic curve = Values are percentages and numbers in parentheses are frequencies

100.0 (45/45)
95.6 (43/45)
100.0 (45/45)
86.7 (39/45)
88.9 (40/45)
93.3 (42/45)
86.7 (39/45)
91.1 (41/45)
88.9 (40/45)
37.8 (17/45)
51.1 (23/45)
80.0 (36/45)
20.0 (9/45)
2.2 (1/45)

100.0 (45)
95.6 (43)
100.0 (45)
86.7 (39)
88.9 (40)
93.3 (42)
86.7 (39)
91.1 (41)
88.9 (40)
20.0 (17)
68.9 (23)
80.0 (36)

20.0 (9)
22(1)

93.6 (87)
75.2 (70)
96.8 (90)
39.8 (37)
53.8 (50)
62.4 (58)
60.2 (56)
69.9 (65)
9.7 (9)
43 (0)
5.4(9)
26.9 (25)
0.0 (0)
0.0 (0)

Note: Placenta accreta and increta were considered together and are referred to as ‘placenta accreta’

" Numbers in parentheses are the data used to calculate the percentages

Loss of the placental-myometrial interface
% Fisher’s test

Marked placental heterogeneity

Dark intraplacental band
Abnormal intraplacental vascularity

Abnormal uterine bulge
Placental bulge type-I
Placental bulge type-1I

type-Ila
Uterine serosal hypervascularity

Myometrial thinning
Interrupted myometrium
Bladder wall nodularity
Extrauterine placental extension
' Chi-squared test

type-Ilb

the ROC curve and the AUC was 0.92 (95% confidence in-
terval: 0.92-0.98). When type-Ila and type-1Ib (Fig. 4) served
as dummy variables of placental bulge type-II, both of them
were correlated with PP (3=23.47 and 3.39, respectively).

MRI features associated with abnormal vessels —
correlation with blood loss during caesarean section

We also focused on the MRI features that were specifically
associated with abnormal vessels (i.e. abnormal intraplacental
vascularity, uterine serosal hypervascularity and bridging ves-
sels) (Fig. 6).

In the PA cohort, women with the feature of abnormal
intraplacental vascularity experienced greater blood loss dur-
ing caesarean section than women without this feature
((1,730.2 £ 1,463.8 (200-8,000) vs. 1,092.9 + 1,078.1 (200
4,000) ml, P = 0.030)); similar findings were noted when
comparing the blood loss between women with and without
the feature of uterine serosal hypervascularity ((2,044.0 +
1,224.8 (400-5,000); 1,286.8 + 1,360.7 (200-8,000, P =
0.010)). We also demonstrated that PP patients with the fea-
ture of placental bulge type-Ila (with bridging vessels) expe-
rienced greater blood loss during caesarean section than type-
IIb (without bridging vessels) (3,829.6 + 2,826.5.0 (1,000—
15,000) vs. 2,192.3 + 1,583.0 (800-5,000) ml, P = 0.016).

Discussion

In our study, placental bulge is initially subdivided into two types
depending on whether the smooth uterine outline is distorted, and
uterine serosal hypervascularity is preliminarily explored using
MRI. The results of this study demonstrate that placental bulge
type-1I (with distorted uterine outline) and uterine serosal
hypervascularity are specific MRI features for differentiating PP
from PA. The MRI features associated with abnormal vessels (i.e.
bridging vessels in placental bulge type-Ila, abnormal
intraplacental vascularity and uterine serosal hypervascularity) ap-
pear to be risk signs for massive blood loss during caesarean
section.

It has been previously reported that placental or uterine
outward bulge was a useful sign of AIP [12, 19, 23], but the
ability of this MRI feature to discern PP showed considerable
variability [23-26]. Despite of two general descriptions of the
bulge in previous studies (i.e. a diffuse bulge in the lower
uterine segment resulting in an hourglass-shaped uterus [12,
19] and a focal placental bulge into the uterus [20]), the de-
tailed classification and precise definition of the bulge were
absent. In our study we classified the bulge on the basis of
morphological characteristics on MRI images and explored
their abilities to accurately diagnose PP.

Our results show that placental bulge type-II was the most
discriminating MRI feature for reliably discerning PP from
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Fig.4 (a-b) Placenta percreta (PP) in a 39-year-old woman at 30 weeks’
gestation. (a) Sagittal T2-Haste MR image demonstrates placental bulge
type-1I (white arrows) protruding from the uterine outline; (b) photograph
of gross specimens after hysterectomy shows placental invasion (white
arrows) through uterine wall, consistent with PP; photomicrograph
(magnification, x400; haematoxylin-eosin stain) shows chorionic villi
(black arrowhead) penetrating through the myometrium (white
arrowhead), consistent with PP. Sagittal T2-Haste MR images show
placental bulge type-1la (long arrow, a focal outward bulge protruding
from the uterine outline) with bridging vessels (short arrow) in a 31-year-
old woman at 35 weeks’ gestation with PP (¢) and placental bulge type-
IIb (long arrow) without bridging vessels in a 29-year-old woman at 32
weeks’ gestation with PP (d)

invasive placenta previa, even when extrauterine placental
tissues or the adjacent structure involvement was absent.

Fig. 5 Placenta percreta (PP) in a 35-year-old woman at 29 weeks’
gestation. (a) Axial T2-Haste image demonstrates uterine serosal
hypervascularity (arrowheads, tortuous and closely packed vessels
along the uterine serosa) in the lower uterine segment. (b) Photograph
taken during caesarean delivery shows these tortuous abnormal vessels in
the uterine serosa (arrowheads), consistent with the appearance on MRI
images

According to pathological examinations, the myometrium and
the serosal layer were infiltrated by the chorionic villi at the area
of the placental bulge type-II. Such infiltration decreases the
strength and resiliency of the serosal layer and myometrium,
which leads to focal distorted uterine outline. Based on this find-
ing, placental bulge type-II could reflect the pathological change
of PP. We further subdivided placental bulge type-II into two
novel subtypes and found that placental bulge type-Ila (with
bridging vessels) had 100% specificity and PPV. Therefore, the
presence of this sign was reliable to diagnose PP. Of note, PP
patients with type-Ila suffered more blood loss than type-IIb.
These data suggested that these bridging vessels may increase
the risk of massive haemorrhage, which may in part explain the
difficulty in caesarean section among PP patients. However, ab-
normal uterine bulge and placental bulge type-I were found not to
be discriminating variables for reliably discerning PP in our
study. The detailed classification of the bulge was absent in the
priorstudies [25, 26], which may partly account for the variability
in diagnosing PP.

Uterine serosal hypervascularity is a vital feature of ultrasound
in diagnosing AIP [27-29]. However, to date this has not been
examined using MRI. In our study, as a MRI feature, it was found
to be notably correlated with PP, analogous to that seen on ultra-
sound [27]. Our results also showed that it was associated with
larger blood loss during caesarean section. However, placenta
previa and bladder varices are known to be associated with in-
creased vascularity [ 10], which may bring about potential pitfalls.
Although abnormal intraplacental vascularity was found not to be
acapable feature in discerning PP, it is a risk sign of massive blood
loss during caesarean section. Those profound abnormal vessels
(bridging vessels in placental bulge-Ila, abnormal intraplacental
vascularity, uterine serosal hypervascularity) can be explained by
the pathological changes characterized by abnormal vascular ar-
chitecture and plenty of arteriovenous shunts in the placental-
maternal border [30]. These three types of abnormal vessels were
in different regions of the placenta and/or uterus. Abnormal
intraplacental vascularity is located deep within the placenta.
Uterine serosal hypervascularity represents tortuous and closely
packed vessels along the uterine serosa in the lower uterine seg-
ment. However, the bridging vessels are characterized by running
perpendicularly across through the focal bulging placenta and
serosal layer, and extending to the parametrium. With prior
knowledge of these very abnormal vessels prenatally, obstetri-
cians or interventional radiologists may attempt to safely perform
devascularization of the involved area, which in turn would lead to
reduced bleeding and a higher uterine preservation rate.

Consistent with previous studies [17, 20, 31], our study
also found that bladder wall nodularity and extrauterine pla-
cental extension yielded the highest specificity and PPV but
the lowest sensitivity, indicating that the two MRI features are
highly suggestive of PP. The fact that the percentage of PP
with invasion of the adjacent organs is not very high could
account for its low sensitivity.
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Table5 Significant MRI features
of logistic regression analysis for

predicting the diagnosis of
placenta percreta

B p Odds ratio 95% CI odds ratio
Placental bulge type-I1 3.884 <0.001 48.618 14.821-159.486
Uterine serosal hypervascularity 1.427 0.018 4.165 1.275-13.611

CI confidence interval

Early MRI criteria for diagnosing AIP have focused on evalu-
ating direct invasion of the placenta into the uterus, including
interrupted myometrium, myometrial thinning and loss of the
placental-myometrial interface [13, 32]. Lax et al. [10] and
Derman et al. [12] described several secondary MRI features as-
sociated with AIP. Although these features were more frequently
detected in the patients with PP than those with PA [9], they did not
accurately differentiate PP from PA.

Some studies have suggested that placental MRI with gado-
linium could improve the ability to accurately diagnose AIP [33,
34]. But a new study published in JAMA found that gadolinium
MRI during pregnancy was associated with an increased risk of a
broad set of theumatological, inflammatory, infiltrative skin con-
ditions, etc. [35]. These contrast agents were not allowed to be
routinely provided to pregnant women in our institution.

In our study, 23 patients with PP had uterine preservation. They
benefitted from the conservative uterine-sparing surgery of
placental-myometrial en bloc excision based on a well-
established multidisciplinary team. This conservative surgery
mainly included the devascularization procedure (preoperative
placement of intra-arterial balloon catheters or uterine arteries em-
bolization), placental-myometrial en bloc excision and uterine re-
pair/reconstruction. In this surgery, the specimen of the intact
placental-myometrial tissues (en bloc excision) is available,
allowing the pathologists to evaluate the actual invasive depth.

Fig. 6 (a) Coronal T2-Haste MR image demonstrates bridging vessels
(arrow) through the bulging placenta in a 25-year-old woman at 32
weeks’ gestation with placenta percreta (PP). (b) Axial T2-Haste MR
image demonstrates abnormal intraplacental vascularity (arrow) in a 28-
year-old woman at 30 weeks’ gestation with placenta increta (PI). (c)
Axial T2-Haste MR image demonstrates uterine serosal
hypervascularity (arrows) in a 34-year-old woman at 35 weeks’
gestation with PP

@ Springer

There are several limitations in this investigation that need
to be addressed. Firstly, the inherence of the retrospective
design of the study is inevitable. There is a need for further
prospective studies in order to confirm the diagnostic applica-
bility of the placental bulge type II and its subtypes. Another
limitation is that all the MR examinations were performed on
the population screened by ultrasonography. Therefore, there
was a higher incidence of PP, which is likely to introduce a
selection bias. Finally, we are aware of the fact that some cases
of superficial placenta accreta may not be suspected, and also
some superficial placenta increta may be misdiagnosed as
placenta accreta by obstetricians during caesarean section.
However, placenta accreta and increta were grouped together
within the PA cohort in our study. Therefore, such misdiagno-
ses, if any, would not have altered the results. Forty-five cases
of PP were confirmed by pathological and surgical criteria,
which could enhance the diagnostic reliability of our study.

In summary, our results suggest that placental bulge type-II
and uterine serosal hypervascularity are useful MRI features
for differentiating PP from PA. Profoundly abnormal vessels
are associated with larger blood loss during caesarean section.
Our results may contribute to an accurate prenatal diagnosis of
PP and minimum risk of massive haemorrhage.
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